
-
FOR AID US ONLY-'-

D v~pmm

A w9ICPONINTAONL 


At.PRIMARY AO-0000-0000
Population 

FICATION General
 

I. SUUJECT 

2. TITLE AND SUBTITLE 
a computer program and illustrations Apopulation projection model; description of:L 

of its olicy applications 
SLAUTHORWSI 

Maurer,Kenneth; SchultzT.P.
 

6. ARC NUMEIn OF PAES 
4. DOCUMENT DATE 

I~s ~ 4 p IANC
1972 


NAME AND ADDRESS7. REFERENCE ORGANIZATION 

RAND
 

NOTES (pon ewinI OtfanizaIfl& Pb:It'aIAalabuII?)I. SUPPLEMENTARY 

S. ASSTRACT•
 

I11.PRICE OF. OCUMENT 
10. CONTROL NUMBER 

'1. PROJECT NUMUER 
it. DESCRIPTORS 

growth_
Application P 'opulation

' Projection 14. CONTRACT NUMBERComputer programs SD-2533 Res. _ 

prmgrams ProjectionModels 

15. TYPE OF DOCUMENT 

AID I0- 14.S40 



R-953"AID
 

August 1972 

A ,Population Projection Model:
 
Description ofA Computer Program
 

and Illustrations of Its, Policy Applications
 
Kenneth Maurer andT. Paul Schultz 

A Report prepared for. 

,AGENCY FOR. INTERNATIONAL DEVELOPMENT
 

SRand'SANrA MOMC.CA. W0a 



This research issupported by the agency for International Develop
ment, Department of State, under Contract No. AID/CSD-2533. 
Views or conclusions contained in this study should not be interpreted
as representing the official opinion or policy of Rand or of the Agency 
for International Development. 



Augus 2 "197 

A Ppuatin rojection M de 

Description ot A ComputerqProgram
and Illustrations of Its Policy Applications
 

KennethMaurer and T.PaUl Schultz 
~~~..... . , .F w 

A!Report prepared-for 

AGENCY FOR INTERNATIONAL DEVELOPMENT
 

Por :.._o. . eforenoe 1ibra ; rand 
sreno~albrrv NAA A40NCA CA 90406 



Bibliographiles of Selected Rand Publications 
" 

Rand maintains a numberofspecidlsubjectbibliographiescontainingabstractsof 

Randpublicationsin fields of wide'currentinterest'The following bibliog'aphiesare 

available upon request: 

Chiha* Civil DefenseAerodynamics * Africa oArms Control * 

2ombinatorics CommunicationSatellites * Communication systems 
Computer Simulation * Computing Technology o Decisionmaking 

Delphi and Long-range.Forecasting9 East-West Trade # Education 
Game Theory o Health-relatedResearcho Human Resources 
Latin America o Linguistics•Maintenance• Middle East 

Policy Sciences o Pollution a Population 

Privacy in the ComputerAge o Probabilityo ProgramBudgeting
 

"PublicSafety * SIMSCRIPT and Its Applications a SoutheastAsia
 

Space Technology and Planningo Statisticso Systems Analysis
 
Television' Transportations UrbanProblems * USSR/East Europe
 

Water Resources o Weapon Systems Acquisition
 
Weather Forecastingand Control
 

:To obtaincopies of these bibliographies,and to receive informationon how to obtain 

copies.of individualpublications, write to: PublicationsDepartment,Rand, 1700 
Main Street, Santa Monica, California90406. 



PREFACE.
 

This report Aevelops ,and demonstrates some of the applications of.
 

asimple. model for :the projection of populations over time. The cOm
puter progrm and the model it embodies are not an advance in the state 

of-..thea'rt, bui they do combine several attractive features in a 

compact,.:easy to use form. The program is designedlto reduce the.cost 

of routine population projections required for long -term planning and 

AID And in other- agencies concerned'decisionmaking andmay find use in 


with international development, populition growth, and family planning.
 

This demographic model was .developed by T. Paul Schultz to facilitate,
 

research undertaken for the Agency for International Development, Office
 

of Population, under contract csd-2533, and was programied by -Kenneth.
 

Maurer. The central objective of this research project is'theiintegra

tion of a theory of fertility end family behavior that should 'facilitate
 

wriderstanding and. resolving of population problems in developing.countries. 





SUMMARY
 

The purpose of: this report is'to make accessible: ?an 'adaptable 

program sfor i o......projecting the age composition and growth of popula: 
The user specifies the: time path of age-specific birth and death:rates 

and the initial' population; the program then computes most, generally 
desired.demgraphic characteristics of the populatioh' over time,"in

cluding the average number of children born and surviving by age to' 
women of various ages. The fertility and mortality trends may be made, 
endogenous to a model of populaioin growth, as is done' in Section -III, 

where age-specific birth rates are made a function of the average
 

number of living children the group of women has. The user may 
flexibly add his own subroutines for linking the projected population 

structure to labor force participation; migration; household savings; 

demand for educational, family planning, and health services; and the 

like, as needed. 
A number of examples show the use of the program and the signi

ficant 'differences between "stable" and actual initial population 
structures "for the purpose of.'generating policy implications about, the 

interactions between the "demographic transition" and the development 

process. 

Starting with a "stable" population, any broad' decline in aga 

specific,mortality rates createsia 1prompt rise in population growth 
and ai ext Ended"rise 1.i 'the, dependency ratio. This increased economic' 

,burden on" the' soiety's adult populatio reaches a pak 'after about, 

20 years if "th'6new lower level of mortality also stabilizes."fter a: .-- ' 
few.decades'. If, ethe h any modeiately effective':meas'ureson ohr hand, 

of.birth: control"are"adopted by parents so they Will riot exceed their
 

traditional surviving family size goals, dependency ratios decline 

about five percent in two decades.-
From the initial "stable" population, a drop.in fertility :enerate 

similar oscillatory waves in.-the age structure, but in the'reverse, 
.,direction-..- drop in repcoductive goals first creates a marked".redu e 

t.,ion Ain. crude birth.,rates. and population. growth. But' this brief 
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respite is followed shortly by aresurgence in crude birth rates
 

as the children born before the change in'reproductive goals
 

grow up and enter their childbearing years.-,. This ,resurgence
 

gradually subsides after 20 years as the,smaller post-transition . 

-cohorts begin to enter their childbearing.-erd. '-Theoicilatory 

behavior created by the slowly changing age composition is more pro

nounced the greater the speed of changes in birth and ".death rates:. 

and the extent to which they reinforce one another. For example, -.if 

a drop in child mortality coincides with a (postwar),.baby-boom and 

in then followed by a sharp decline in age-specific fertility, a 

decade may follow when changes in the age' composition will contribute 

to an increase in crude birth rates'and the natural rate of population 

growth even though age-specific birth rates may continue to fall. 

The population of Bangladesh may'for many reasons be typical of 

that of low income countries with very high, child mortality and a 

youthful age structure. In Section ITI, Bangladesh exemplifies the 

differences between "stable" and actual population projections. 

Initially the society .bears a very heavy, dependency (child to adult 

ratio burden that appears likely to ,grow.leas burdensome,in the 

future even if only a modest decline in age-specific bir..hrates 

occurs. However,.this reduction in the dependency ratio is likely 

to coincide with a substantial increase in the rate of population 

growth and perhaps even parallel an increase in crude birth rates, as 

the age composition becomes more heavily concentrated in the child

bearing years. Although more effective birth: control may speed the, 

decline in birth rates and secure a larger ultimate decline in,crude, 

birth rates, given the assumptions of the model, a reduction in the 

surviving lyie goal appears to,be essential to any substantial 

sloviing of population growth in 'Bangladesh and countries like it. 
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I..-INTRODUCTIO)
 

In this demographic model designed, for simulating population change, 

of age7specific birth and death rates, and, if known, additional optional 

information. The program then computes the demographic characteristics
 

of the population over the requested planning horizon. A special feature
 

of the model is its estimation of the average number .of children borne
 

by women of various age cohorts and the average number and age distri

bution of those still living. Furthermore, the time path of age

specific fertility (and mortality) can be defined as an endogenous
 

function of such variables as target family size, surviving family
 

size, and the effectiveness of available birth control (that is, con

traception combined with abortion).
 

Section I presents a mathematical description of the demographic
 

model as well as a brief guide on the program's operation. Section III
 

gives a number of examples of how the program can be used to explore 

theunderlying intricacies of hypothetical population,change embodied
 

in alternative assumptions. Exercises are also performed using actual
 

data from Bangladesh to illustrate how the progr-am can help isolate
 

deficiencies and inconsistencies in demographic materials. Section IV
 

discusses several policy conclusions that follow from these illustrative 

exercises. AppeddiXes report in detail user information and options, 

a test probiem, mathematical approximation p ocedures, and a fuil 

printout of the program.
 



M A DEMOGRAPHLIC MDEL AND PROJECTI'I -PROGRM
 

INTRRELATIONSHIPS OF DEMOGRAPHIC VARIABLES: A MODEL
 

To describe the growth and change of a population within a mathe- / 

matical framework, we needed certain restrictive assumptions. The
 

model Is limited to a single population, distinguished by age but not 

by sox. Although the absence of interaction between male and female 

populations leads to certain inconsistencies, the simplification in 

terms of mathematical formulation and required data make this assump

tion desirable. 1 Within this framework a number of conventional demo

graphic terms are defined in Table 1, and their initerrelationships are 

stated here to facilitate a mathematical description of the development
 

of a population over time. 2 First, let Z (t) represent the nomber of x 
persons aged x at time t, for which it is assumed 

S<x - (i) 

Ulxt+(t) :-+1O-for zome fixedw,o0 < ' - (2) 

S'(tu)+ +-x(t)for all u > 0. (3) 

Asstmpion (1)precludes the possibility of "negative" or infinite 

populations, and assumption (2)assures that no person survives beyond 

"To evaluate the relative composition of a population by male and 
female components, a separate projection must be performed for each sex. 
The inconsistencies of such independent projections, the cases in which 
the independent approximations are accurate, and the necessary data and 
assumptions for simultaneous projections of both sexes can be found in 
Keyfitz, 1968, pp. 271-319.
 

2All symbols used are defined in Table 1. The symbols for con

ventional life table functions, defined by (1)through (9), follow
 
the notation used by Coale and Demany, 1966, pp. (38)-(39) with two
 
exceptions. First, the argument, t, has been added since vital rates 
are allowed to vary with time, unlike the case of a stable population. 
Second, the normalization rule tx - 100,000 has not been imposed, but 
rather h(t) is the actual number of live births at time t. 
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Ta.ble 1X
 

::?:D-FZN'/TION "OF]SDSOOLS 

Then!umber :of personsof agex.izng at: tme t. 
Ir 

The nuber of person-yarslived between ages k and x~nby persons aged x at tlmet,.. 

nuinbei. 'of nersonS sADA& At 4W @A A4.Im.. 

mortalityrate between ageW. ,n 
persons: aged Xat timet 

Th proability that a person aged x -at"tim tawilldi 
b.efore age x4n. 

The' number of person-years remtning to be lived by personi 

a(e)The",ge-specific ad foi 

x at-tie t 

The average numbr of years of lfe remaining fora person.aged 'at time t. 

The nunber of'persons betweenages xzand ~nn at time t. 

Thenumber tof female children .born ,to women aged ,x, attiu.m
t between ages x, and x4n. 

The.age-specific female birth rate for womenaged xzat time 
t between ages x andzin. 

An .age distribution weight between zero and one,. chosen:
 
such that
 

-(t). n(U (t~n),+' (t)[tx(t)tx-(tZn)] "' 



~ ~
.,~~~ 0-,s ,, - tva , 

arbitr i ,an s pton(3) requires that a-given cohort" 

will declie!,in, size as-time pasesa,.n.d its embeisrIs age 

from'this basic..function describing the population we then define: 

L (t) £ (t+u): du (n :,>. 0).' (4) 

nd (t) L(t) - 1 0t4n0 (n >0O)(5) 

m dx:t:(t L (t) (n., L t)>0) (6) 
nx
nx nxn 


(t) - d (t)/k (t (n 0) () 

T -(t) -w, . (tw-u) du (8) 

A (t) du (n>0"+o) (10) 

:Fo,(3)and.()we note.that +for,each,,set,,of values -of ,,n:h x, and t 

there exists a weight, a (t), betweenzero and one, such that 

0n
nx X,
n,,x xwin x 


rate is constant : between ages x.and ,x4, then the valueIf themortality 

ifna (t) will decrease from 0.5.when themortality rate is zero to 
wx7
 

1pproximately 0.475 as the mortality rate approaches ,3b00 peir'thiosid.' 

falues of nax(t) outside this range iuply that deaths between,.ages! x , 

md wxin are concentrated heavily near age x when _a_(t) i,:s low or near. 

On when a (t) is high. At ages less than five years, when deaths are
 
n x
 

ieavily concentrated in the first days and months:of *life,I a(t)tends
nx
 

to be low.
 

Using definitions (4) through :(6) we .then. derive-.the followiing!:
 

relationships: 
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L (t) in",(12 

n- x 
•,.++.-, ,(t' 

12)'~Ct 

o f b n in a f t. 
x ~ L 1(1-nq! (t)lux) (13)

X. n) n (t 

f.)(t)n 0,,L(t) 0).(16)..

intal tr, (op (0))and mortalut.d atnrI defned the population 

noe eit (tca(t), Ae-0spcifi cn ortlity Lot 

n(to)represent theinum his, fvmal eb ha aro edaex rat time to 

L.0(t) * + 3(t nLxCt).im,w~t .. (17).. 


aieofppAtm~~ ~ ~ rwhoe~ ~ I s hrfrcmltlpater im 


prbrthe. r+br rts a ala b 

and"'nppro is.not '"atio a, ..cnea1 

'
 nXt) nL (t).
.'t •(t).,- (t:,.L,f!.B MY7)

birt o 106g,males per 10 fhem,ao appoxiatly%,ratsfse alebrh 

h e a l r

m 'ofoe..Omplltsly. 

ditexulned by the .Lnli . ppulation,at:vidtre,+UL (0)),-and the +4alsi 
•:no .patternof population grcwh: over time.4' "t 

of the e ihts,, A 0 )}.,- -specific ,mrtali t, rates.p M,n(t))}, d 

age-specilfic fertility rates, {nfx(t)},, over timae.
 

1n order to obtain this vlus, we.hve assumed a max ratio atI 
birth of 106 nales per 100 females, or pprkLmately .485 female bi rthe 

Where birth rates8 are available by aNx,:Auc
prbirth of either sex. 

: .....
-an+apprxiuation Is not naessmary. 
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For purposes of .projectLon,.n is.assed .to be one.year':''the
 

cohort'iiterval and the increment.Ifor,projection. Givenan initial
 

2, ... ,), ,together with'
population- (that is, values of iL (O), xnO 


complete schedules of-age-specific fertiliy.a mortalityrates, new
 

values of L (t)0. t., ,' :Projected o'acordingequations
2, ,a 


(12),;,(15) -and (17) as follows:'
 

l..c..(t) m.(t) .
 
L l .t.t x a0 (18)
:'LJ(l+- .
 

LX+ 1 x. l ,1.a (.1]xn xl(t.
 

~ f(t 1 , ) (19), 

L (t+l) -." (t) '
 

1+ ' ..,:.(20)
ao~1 oi O [t+%)+1)o 0(t+l)
 

of values of ,


observed -'populationis.more properly rePresented-by ;the value of: lAx(t).
 

The'raiios. L(t)/.L l (t+l) land 1A (t)/iA +I(t+l), however, will
 

.differsignificantlyonly ifthe rtios change substantially . in less 

than'one'period, In.suh case ,the second ratio will lag, the first 

in adjusting. To compensate for'this lagthe program substitutes a. 

Although this:,aliws. the .projectin.. 1L-(t).,: -the;actual,
 

coubination of the curirent year and the previous year ,.in place of
 

eauation. (19):.:,
 

l. (21
f x tI. 

'This has- he -efect o0f lagging changes in"'the"values of-L (t)'to
 

coi cide ore acuraielywith hang'esn t e observed po
 

The majroassumptosmadenofthe population
 

by ti; , o are su z A 
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A. 'The +groth and develoment ofthe entire population can be
 
well' appyoximated by..considering the, growth and change of a -.
 

.single sex within the population.
 
B.. ,Except for ther earliest ages- (less?/than 2, years) mortality,
 
+ratesremain constant within any,sr
%le year cohort.,
 

C. .The,observed; population, iA (t), is well apprximated by the,
 

lagged value'of Lx(t-.5) as..described above;:
 

Under theb :assumptions, equations (18), (0); and (21) define the
 
evolution:of a population based on a single sex ithin"the ppuiatlon
 
The +data neessary for the projection are the initial age ondistributi
 

r
othepopIulatin, Ax(t) and the age-specific rtilty anfd uraiity
 

scheduiies, f(t)}' and {,m,(t)), for the period of the +prlojectioni. 
lx 

DESCRIPTION OF THE COMPUTER PROGRAM FOR POPULATION PROJECTION 
-.Theprogram first reads all control cards, which specify the title 

of the,prozjection; the form of the data on initial population 'size,,' 
fertiity,+andmortality; the period of the projection; and any opti.onal 
,control parameters. Ifthe user has supplied initial fertility or i+r
tality rates for cohorts broader than a single year, the'rates givew' 
are.assumed to be constant 'across ail:ages included .inthe cohort, with 
the following exception: if a single mortality rate, m (6),: s given 
for ages one through".four, the program assumesthat mx(O) x,4- 0 

,2,3,4,and b1 -lZ83, b2 -'.0, b3 - 42.265, b4 -. When the
 

hit is assumed in the program that lax(t) m 0.5 for all.ages x > 1. 
For:-ages less than one year and for one year, the program assumes that 

" l(0(t -,0.35, and lal(t) - 0.42 unless the -user supplies other,values, 
for these parameters. Although these default values are arbitriry,'they 
are of plausible magnitude for moderate to high mortality levels and
 
are approximately equal to the values used by Coale and Demeny, 1966,
 
p. (20) in the construction of their life tables.
 

These values are arbitrarily chosen toapproximate the decline in
 
mortality rates between ages one and five+ ,:.They.were chosen such.that,

when a slowly growing stable population .is.
considered, the aggregate

mortality rate 4m1 is equal to the-sum of theindividual year mortality
 
rates 'ml, 1m' 1m3 ' 1m4, weighted by the corresponding populations.
 



S.nitial population size is given for cohorts broader than a single year, 

the population of each cohort is distributed across the individual years 

of the cohort as If the entire cohort arose froA a stable population 

characterized by the initial mortality rates given and a growth rate 

If the user does not supply a value of R, the program first dis.
 

tributes the populatibn of each cohort as if R - 0, then calculates the 

growth rate implied by this population distribution: and the initial
 

fertility and mortality rates, and finally redistributes the population 

of each cohort For cases encounterediusing this derived value of R. ,most; 

the estimated value of R changes by less than one percent. when additional 

iterations of this procedure are performed, 

The user may enter a description of the "average" family,.that is,
 

the average number of children ever born and the average number of
 

surviving children byage per woman of a given age. If these data are 

not supplied, the program estimates this description on theasumption 

that initial fertility and mortality rates have prevailed for past 

g, After printing the initial data, the program proenerations. 


Sects, the changes in the population by one year intervals until the data 

have been calculated and printed for the last year of the projection.
 

The following is a brief description of the actual projection of
 

a population from one year (t) to the next (t+l). The,first step in 

ethe projection is the evaluation of any user-supplied fertility or 

wrtality functions, fertility fu.ctions beingevaluated first if both 

are Included.2 A typical mortality subroutine might redefine mortality 

A stable population results from 'constant age-specificmo'rtality
 

rates and a constant growth rate over a long period and can be charac
terized by

- "1de- (t)e(t)lL(t) -Rvqi1 1 X1t()a ex1[l-la1 (t)Jlll(t) 

Lotka referred to such a population as Malthusian, reserving the tern
 
stable for the special case in which the constant growth rate results
from the prolonged prevalence of constant age-specific fertility rates.
 
See Coale and Deameny, 1966, pp. (9), (10).
 

2For a description of several alternative methods of projecting. 

mortality and fertility schedules, see Shryock at al., 1971, pp. 7712ffi 



ratesby either an assumed functional relationship of other variablei" 

or simply by changing progressively from an initial life table mortality 

to6: a :new mortality level as shown in Appendix B. Fertility may be 

directly related to exogenous variables, such as family planning pro

gramiuput , or:to such endogenous variables as family size, as shown 

In,Appendix ,B, After new levels of mortality and fertility are deter

m tnedte.program:proceeds to.update the description of the "average".

family'o as described :below. -';The number of women of each age is replaced 

byl the survivors :who were one year younger in the previous year, according 

to fcruiula (18). The total number of births is then Calculated by 

equation., (21), :and the popation.aged less than one year is deived 

by equation 20). 

The description of, the "average". family includes, the total number 

of live births per woman and the average number of surviving children 
per woman by the children's ages. The .:average number. of births.per" 

woman is calculated by adding the age-specific, female. birth rate (the 

number of -ive female children born per 1,000 women of a iven Iaa to 

the previous total nuber of births per 1,000, women of: the corresponding 

age. The average nuimber .of children aged less. than one year'is calcu

lated by reducing the. number of new births per woman of a; given age, is 

is done for the entire population in equation (20).. For older children,
 

the average humber of survivors is calculated as in equation (18). Thus 

the average family size is estimated, as well as its age distribution 
andimotalityieperience. Although the distribution of failles about 

this' average can-not be inferred directly from the model, the distribu

tion may .be approximatede by means similar to those described in "Appendix, 
C. 

The projection fora inew year has now been completed, and, if the 

user has: requested output for, the year, the program prints data on the 

proje.cted population. The output includes the title, year of projection, 

a sumary description of the '.average" family, and the following data 

for both the entire population and for each age group: population, 

percent of the total population, change In population, rate of change, 

number of births, fertility rate, number of deaths, and the mortality 

rate. The user may also request that the following summary statistics 



be calculated: .. the percent of ,the. population':,-aged, 15.through t44, the 

average age of the population, the dependency ratio (number of persons 

aged under 15 or .over 60 per person aged 15 through 59)the, expecta

tion of life at birth, the birth-woman ratio (the ,number of births:per 

woman age 15 through 44), and the child-woman ratio (the number of 

persons less than age 5 per woman aged 15 through 44). The, program, 

then continues with the next yearls projectionuntil the period of 

projection is completed, at which point ,the iprogrameithert begins',to 

read Instrctions for a new projection exercise, or terminates. 

:iSome sources -define 'the.dependency ratio, birth owman, ratio, and 

child woman ratio .in te'rms of,.different. denominator'age 'groups. The 
convention adopted here is that used by Coale and Deme y '19.66,,
,DO. (38)-(39)."
 



III. USE OF THE POPULATION :PROJECTION MODEL
 

To illustrate. severalk of:; the possible uses of the projection model 

deacribe ,In the, previous section, we report two sets of exercises here 

Fi ,'initially. !"stable! population structure is projected for 100 

years under, alttrnat'i've assumptions analogous to those associated with 

the "dvmographic transition" apparently occurring today in most low 

income countries, Second, contemporary data for Bangladesh are used 

to.generate. an initial population-structure "and vital rates from which 

50-year projections., are traced out.;. Recall that. the model retains 

only ,the female population; hence, Aeath' rates are for women, and 

birth rates are for female births p~r thousand woman-years lived in 

the specific age 
group.
 

STABLE POPULATION PROJECTIONS
 

The method of achieving the initial stable population structure 

is described in Appendix B. Briefly, theregime of mortality is from 

Coale and Demeny "East" life table levelIll, and fertility is iesti

mated for East Pakistan circa 1960.1 ThO values were projected for 

200 years to obtain an approximately "stable" population age structure.2 

The initial population is sumnarized in Table 2. The salient features 

are a'3.17 percent annual rate of population.growth, a high crude birth 

rate of about 52 per thousand, and a high crude death rate of 20 per 

1These life table mortality figures are used to obtain a single 
consistent schedule of mortality approximating the mortality experience 
of East Pakistan. Most life tables, however, are drawn largely from 
American and European experiences, because of the availability of more 
reliable records for these regions. Such mortality schedules, even 
when matched for overall levels of mortality, may seriously underestimate 
the child and irfant mortality rates actually found in less developed 
countries. For a comparison of both UN and Coale and Demeny life tables 
with such high mortality rates, see Adlakha, 1971. 

2The percentage distribution of the female population by age 
changed over time only in the third significant digit after a century. 
Changes in the projected age distributions may therefore be attributed
only to assumed changes in vital rates during the projection period. 



Table 2 

PROJECTION. OF INITIALY STABLE POPULATION 

i 


AgeGrop.(pret 

'1 

1-4 


5-9 

1-14 


.15-19 

20-44. 


25-29 


30-3 


35-39 


:40,44 

45-49 


50-54 

55-59 


60264 


65-69 


,.70-74 


75!79 

80+ 


i a LorTotal 
PpltonRt 

4 472 

14,488 


15.033 

12.581 


10.558: 


8.802. 

7.293 


6.016 


4.942 


4.043 


3.28' 


"2.641, 


2.066 


1.544 


I070 


.657 


.337 

.169 


P-oappulation Growth Rate:s 
'.Crude Birth Rate: 

Crude Death Rate: 
Dependency Ratio:104 

ii b,Mrtlity; Fortilt 
Rateb 

(per thousandeml) 

205.00 0 

23.53 -0, 

5.45 0 

3.20 0 

4.45 120 

5.87 135, 

6.88 140 

7.66 135 

8.53 104 

9.30 65 

10.81 25 

1.57 0 

21.40 0 

33.20 0 

52.42 0 

82.36 0 

127.93 0 

229.54 0 

3.174'
 
51.47 
-2018
 

Female births per thousand woman-years .lived in 

specific., age group. 



thousand. The ,ratio of, dependents to adults !of' economically, active 

ages!is about one, there being some nine children: 14 years, of, age or 

younger for every ten:'adu.lts between the ages of 15'and .::59. 

1The of projections initially stable population,first set of this 

reported-in Table 3, presume.no change in the severe initial regime 

of mortality suimmarized in Table'2. The initial level of fertility is 

consistent with average completed fertility of about seven live bli!"ths 

with .only five -children, 'on average, surviving to the mother's 50th 

birthday (see Table 7, line 3-A). It is" arbitrarily assumed that " 

parents shift from their past accomplished family size. goalof five 

liviiig children to a news goal Of four living children. Alternative 

assumptions are explored concerning the availability (and use) of birth, 

control methods "to reduce the initial high fertility levels. The no 

birth control case (Table, 3, case A) reflects essentially .no chaige in 

initial fertility behavior (or family size goal). 'The 50 percent 

effective birth-control case (case B) represents the probable contri

bution of traditional folk methods of contraception and abortion. ?The, 

99 percent effectiveness level (case D) is intended to represent 'the 

opposite extreme of the highest probable level of modern birth control 

effectiveness. M6.t populations would fall somewhere between these 

extremes of 50 and 99 percent birth control effectiveness, depending 

on their education, private sector response, public policies to sub,

sidize the spread of birth control information, services and supplies,
 

and, 'of-course, the legal and cultural attitudes toward,fertility
 

regulation. 

The population projection model integrates the cohort estimates, 

of thie .uber of. children living, surviving family size goal, and birth 

controljeffectiveness to compute for each -year a birth rate lfor each 

age cohort of women. Specifically, the average:number of living 

children for each cohort is assumed to be the mean of a size distribution
 

-The value of birth control effectiveness is actually the product 
of-two ,distinctvalues: the technical effectiveness of the particular 
contraceptive method and the proportion of women who use the particular 
method.: Thus.a particular level of birth control effectiveness could be 

obtained either through the introduction of more effective contraceptive 
techniques or through the use of existing techniques by more women. 

http:presume.no


Table 3
 

PROJECTION O,.,INITIALLY. STABLE POPULATION:.. 
 ASSUMING 'CONSTAHT- -MRTAIIY -A&D 
SURVIVING FAMIL SIZE !GOAL OF FOUR CH LbRE 

:Elapsed-Time (yars)
0-10 15 20. 30:, 40 50. 

-

75. l--0., 

Population Growth a (percent -per:year),-,,-
A. NiBirthConrol : 3.174 3.174 3.174-3.174 3174 .174 3. 7 1 743.174 3.174
 
5:B.5.i Effectiveirth Control 
3.174 2.686 2.781 2.847, 2.779 2.697 2,670 2.647 2.635-2.636
 
C.:90ZEffective Birth Control 3.174 
 2.320 2.502 
 2.341 2:2620-2.485
2.297 2.248 '.2.225 2.226.
 
D. _99. Effective :Birth.Control 3.174 2.240 
 2.444 2.572 2.421 2.264 2.217 
 2.160:2.135 2.136 f.m
 

-tD.r DjaLu na;.e tper_ nousan, population per year)A.:No. Birth Contr1. 51.47 51.47 151.47 51.47 5.47 -51.47 51.47 51.47 51.47 51.47

._. 


B., 507.Effective;Birth-Control. 51.47 45.60 47,75
. ..... :, 
 46.82 .. .46.9346.93 l .' 95;7... :46:1
"46: 45 .,-45.89.45.89:::::!58
45.89-

C. 90%.Effective:Birth"Control 51-A7 
 41.19 43.53 45.18 .
- 43.52 42.14: 41.96 41.75- 41.78 41.77

D.i99%EffectiveBirth-Contro1 51.47 
 40.24 42.84: 44.65 42.79 41.29 41.10 40.86 40.00 
 40.89
 

.i 
. , , , -_A 5 :- - 9Y ..Dependency Ratio (Persons less than 15 and over.59 to persons 15 

to 

to 
-

A'. -No-Birth Contro 
. . 1.014 1.014 1.014 
 1.014 1.0i4 i.014 
 1::1.014: 1.014: 
1014- 1.014:
B1. 507.Effective-Birth-.Control 
1.014. .,966 ..925 " .893 - .911 
 .913 -,--.906,, .913 .915: ".916-

C. 90% 'Birkhi:€0ntrol 10Effective: .861 .808
1.014 __.929 
 841 841 .832 .845'. 849,.- .851::
 
D. .,99% EIffect-ve Birth Control 1.014 .921 .847 
 .790 .826 .826 .817 
 ..831.835-- .,..1838,"
 



of itUmbers of living chilcxen to differinK frequencies of vomn in 
that. cohort.-This -size .distribution; is approiated according to 

formulas described, in Appendix, C. Only the fraction of women with. 
more living: children than. the specified: family.size goal are8amed 

to adopt the !available means of birth control. Hence, the.model 

assumes. no birth ,spacing,or delay of marriage, but only the applica
tion of.: bir h icontrol,to prevent all further births to a, growing,, 
share of.,each cohort as it.ages. . Birth control,effectiveness is
defined to,Ainclude any: combination of .nstitutional (for example,
 

marital separation), biological,(for example, prolonged lactation), 

contraceptive,. and abortifacient,measures that •reduce the initial age
specific birth rates-,by:,the,particular percentage.:. For example, if
 
half of the women aged 35 to 39 had more than the target four,,living
 
.children and adopted a 50 percent effective,birth control method,, the
 
entire cohort would report a birth rate 25 percent below the initia
 
level, that is, 78.1female births per thousand woman-years,-(see; Table
 

2).
 

With no birth control (case A) the initial stable population .
 
is preserved by definition, but as more effective, birth control, is, 
adopted, the birth rate and population growth rate-diminish. Ex

trewely,,
effectie 'birth.control (99 percent) leads to a reductionh,in
 
the birth.rate of about a fifth, similar.to the: shift,in,family size
 
goal . Moreover, population growthi slowsby about one-third, 
A tradi
tional birth control .method. (50 percent effective),achieves about half 
of these: declines in vital rates.
 

The time paths of slowing population growth and,reducing the birth,
 
rate are, however, predictablyikrregular. A sharp decline occursin 

the,,first five',;years. as fertility :is curbed,in response to the modi
fied faily -size goal. After, five years, birth':rates rebound for 
anotherdecade,and only thereafter slowly subside to the trough
 

It is possible, with.very effective birth control and severe
 
child mortality, that a large fraction of a cohort of women would
 
adopt birth control as their 'familysize goal changed, and then as
 
they experience losses among their children they would return to child
bearing to replace these losses from, say, a cholera epidemic.
 



achieved in the earlier period. The logical consequence of thei age 

composition changes after a sharp drop in fertility.*can be attributed 

to the relatively rapidly increasing numbers of young women reaching 

childbearing aes from the cohorts born before the decline in fertility.1 

Fifteen years after the change in. fertility occurred, the relative
 

size of the cohort of women entering into the childbearing years be

gins to decrease, sending the birth rate down again toward its new
 

stable level. The dependency ratio lags behind the birth rate, reach

a low 15 years after the change in fertility goals, andtthereafter
 

oscillates toward its new equilibrium value
 

The second and third sets of projections trace throgh-the impli

cations of a reduction in the regime of mortality. InTable 4 the--_
 

decrease in death rates is limited to, the child.population less than
 
2
 age 5, whereas Table 5 reports the perhaps more typical broad reduc

tion in mortality regime observed in Europe, which benefits persons 

of all ages. For an approximate replication of the isubstatial changes 

in death rates that have occurred in low income countries from 1930 

to 1960, the initial regime (Coale and Demeny,.1966,,., "East 'life tables, 

level 11) is assumed to improve. i iequal proportionate steps in the 

first decade to "East" life;tables, level 16 andin'the second,.decade 

stabilizes at level 18. This implies, for.exampl:e,' that: infant, or

tality drops from 205 per thousandin the, first'year of the projection 

to 111 in the tenth year and to81iafter e 19th'ye ar. Initially' 

three out of ten children die before reaching their fifth'birthday, 

whereas nine out of ten reach this age based on the regime of.mrtality 

obtained after the 20th year of the projection.s 

With no change in the initial age-specific fertility rates the:" 

crude death rate drops from 20 per thousand to less:than 15 in ten 

1 This delayed consequence of the drop in fertility can be seen 

today in Taiwan wheve changes in only the age composition would account
 
for a 23 percent increase in crude birth rates from 1970 to 1980 if
 
age-specific birth rates would not change from 1970 levels. See
 
Freedman and Sun, 1971. 

This pattern of improvement in only child mortality might occur 

if preschool and infant nutrition and health care were given priority 
in low income countries. 



Table 4 

pROjEcTION.,:oFINITIALLY STABLL POPULAIO SUMING,14RTALITY.D ECLINESOxLY FOR CHILDREN, 
G.OAL...'. S ZFA OF ,FOUR CHILDRENSRIINGFMLYSZEGA 

Elapsed Time (years) 
. 40 50 75 100305 10 :15 :20 

Population Growth Rate (percent pq, year)o 

. NoBiri Control 3.174 3.359 3.460 3.465- 3.494 3.531 3.571 3.5 88 3.602 -'.3.601 

B. 50% Effective Birth Control 3.174 2.846 3.028 3.095 3.046 2.994 3.002 2.997 -3.000 2.999 

c. 

:D 

90Effective'Birth -Contro1l, 3,174 

99% Eiiectiv irth Control 3.174 

2.462 

_2.378 

2.723, 

2.659 

2.838 
2.785 

_2.712 
2.64 

2.596_2.583., 
2.511.. 2.493 -

2.550 
2.. 

2543 2.542 

4 

Crude Birth Rate (per thousind population, per-year)

49.89 49.61 49.93- 5025- 5033 5.36-50.35' 
A oBio th Control 51.47 51.17 50.56 

46-.04 44.93 4447 -44o:59 44 49 44611 
B 50B Effetive Birth Controk 5! .47 45.30 45.86 

40.'48 :40.35-4704540.-38 40.37,40.90 42.53 -43.40 41."43 404
C 90. -Eff-ctive Birth Control'51.4 

39.59 39.61- 39.44 39.48 39.47 
51.47 39.95 4i.84 42.85 40.67

-D 99%:EffectiVe: -BirthControl 

than 15 .4ind.over 59 .to-pe6sons :15 to 59) --
Dependency Ratio (Persons less 

oA -1051- 1.;078 -1-.o093 1.095 4-1o099 -1.100 ;1.096- 1.095 
NoBirth: Controk:, --. 014'" 1.026 

.971 .976 .975 .975
.956 .945 .975 .976S 50Z: Effective Birth Control 1.014 .976 
.84 .896
 

- 887 .852 o895 .892. .884 .894 
: 90Z Effective Birth Control -. i.014' .938-, 

.866 ..878 .878. .880

l.4 .878-
L. ;,99%Effective' Birth Control 

http:5.36-50.35


Table 5: 

PRJECZION OF INITIALLY STABLE POPULATION: ASSUMING DECLINE IN MORTALITY AT ALLAES,-'
 

SURVIVING FAMILY -SIZE GOAL"OF FOUR-CHILDREN,
 

-Elapsed Tiie (years).0 lr 	 36" 56 
0. 10 15 20 .3040' 	 5 75 -10 

SPopulation Growth ;Rite (percent per- year) 

A.. No Ai th0'ontrl _ .i74 3.441: 3.600.5 3623+ 3.666-3.685- 3."17 3.733.." 3.746' 3.745 
. 3.174- 2.929' _3.68 3.252 3.217 3.147 3.146 3.137 3.136 3.13550% Effctie:Birth Control 


C. 90% Effective Birth Control 3 .174q7' 2.545.- 2.862 2.995 2.883 2.748 2.725 2.686 2.671 2.671 

D. 99% EffectiveBirth Control. .. 174 24.61 .2.797 "29.42 8 	 2.6342.1. 2.663 -2,588 2.570 2.569 

- Crude Birth Rate (per thousand population per year) " 

A. No Birth Control, 	 51.47 51.18. 50.56 :,-49.88 49.55. 49.78.1 50'07 50.15 ,50.18 50.18, 

B. •50%-Effective-Birth Control, 51.477 .45.30- 45.82 .45.97, 44.81 . 44.24.. 44.31: 44.29 _44.31 44.W30! 

C. 90 Effectiv Birth ContIrol' 51.47 40.89. 42.47 .43.28 41.26:-- 40.16 :40.12 . 39.95 39.97. 39.96 

D.- 991 Effective Birth Control 51.47 39.93 41.77 42.73 40.49 39.29 39.23. 39.02 . 39.04 303 

Dependency Ratio (Persons less than 15 and over 59 to persons 15 to 59) 

A. No Birth Control . 1.014 1.025 1.049. 1.076 1.090 1.093 1.097 1.098 1.094 1.094, 

B. 50% Effectie -Birth Control 1.014 .975 : .954 :'.943 "J.972 -. 973 '7 '+.969' .975-' .974- "'.975 +-

C. 	 90% Effective Birth Control . 1014 .:937 .886 -850" .892 889 88 .894 .894 .896 
Z9• -,--.- 8_0 . ,-,- :-.8 7;+ ",878'+=: .881117 8;87.864 	 •


..D. .99% Effectiv Birth Control 1 .014 .929 830 . .875 871, .84 .. 87 .8-	 881 
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,years and'approximately stabilizes at 13 per thousand after 20 years. 

',,.The rate of: population growth, therefore, increases gradually from 3.2 

to 3.7 percent.per year, an increase of almost 16 percent,, and the 

dependency ratio 'increases sharply by -about eight percent in 20 years. 

-i"Atl the- fatily level : this "increase in dependency burden is evident 

(see .Table.7) forwomen between.the ages of 30 and 39, who experience 

a 12 percent increase in the nuuber of living children- they must sup
port-solely because of 'the decline in child death rates. 

If the improvementin mortality is limited to children under
 

age, five (Table 4) the increase in population growth is three-fourths
 

the, .magnitude of that' for 'a reduction of all death, rates. The child
 

specific decline inmotaity leads .to a slightly more-adverse rise
 

in:the dependency ratio, but the rdifferences are not substantial. 

These:,exercises indicate that the significant differences in m6rtality:
 

that -exist b.etween: high. and low Income countries and occurdAuig &the
 

process 'of development mainlybenefit children and-substantially.in

crease the .Survival chances for :the.. preschool, population;.
 

Where a 20 percent reduction in fertility goal occurs simnultaneously: 

with -the:. ,reduction in death rates, 'the :50.percent effective birth con-7" 

trol: is, sufficient to offset :the mortality decline, ultimately slow 

population-growth, rand.clearly .reduce.the :dependenicy. ratio. Highly 

effective. birth control: (99, percent), 'of course,. permits' birth rates, 

to fall further by 20percent, and reduces the rate .of population 

roiwth- by:-about' one-fifth in -five"years. An'intermediate-term 'resur-,
 

gence '.of crude birth and population growth rates is 'followed,again ,by
 

a fall to about this trough'by.the end of.a century.
 

S more extreme.example" is illustated -in case D of Table 6 In
 

:this instance th.e same decline in mortality is-Assumed to occur for all,
 

persons as in Table 5, but the family size goal of parents shifts now
 

For example, women age 30 to 34 had borne 4.739 children of which
 
only 3.532 survived under the initial regime of death rates, whereas
 
3.942 	were living after 30 years of the projected mortality decline.,
 

. See evidence of this point for Punjab counmmities of India in'
 

~yon and Gordon, 1971, Chapter 7.
 

http:and-substantially.in


Table 6. 

-PROJECTION.OF INITALY STABLE -POPULATION : -ASSUHI1NG MORTALITY DECLINESAT ALL 'AGES AND-
SURVIVING ..FAMILY- SIZE 'GOAL OF THREE CHILDREN 

Elapsed Time (years) 
0 1 5 0 0 40: 50 75 100 

Population Growth%Rate (percent per.year) " 

AS No Birth-Control . 3.174 3.441 "3.600 3.623 93.666 3.'685 3.717 3.733' 3.746 3.745 
-OEffctive Birth control 	 3.018 2.86550% 	 3174~~ 2.693 2.969 3.087 2.913 2.893 2.873 .865 

C. 90% Effecti*. Birtf Control-- 3.174 225"2.513 2.703 2.522 .330 2.267 2200 2 162, -2.164 

D.- '99ZEffective Birth Control 3.174 2002 2.417: 2,623 2,414 2.205 2.052 2.005 2.0o8 

Crude Birth Rate (per -thousand population per year) . r" 

-2.131 

A. No "Birth,Control 	 51.47 51.181 50.56 49.88 49.55 49.78 '.50.07 -50.15'>50.18 50.18 
B. !50%Eectve: Birth Control 517 42.57 4:.4364 - 144.24 	 41.76 41.77 41.76,42.41 ;84* 41.80 

C. 90%'Effectiwe, Birth ContrOl, 51.47, -'.36.02 38.64": 40.22 37.44. 35.92 35.63 '".35.39:. -35.41 >35.39 

D .	 199%Effectivi Birth7 Control 51.47 .34.59- -37.58 39.39 36.30 _ -34-.65 34.31 34.02- 34.05 :34.03 
Dependenc Rai (Persoqns less than215:and over. 59lto -persons -15 to 59) 

A. N B-:irth Control 	 l.014 .1.0251.049 .176 1..90 .93, 1.097 1.098!- jL094 .1.094 

B.i 50Z1Bffective Birth Control 1.i014 i953: .912 .884 .921 . -923 -917 .926 .926 .92f 

C. 90%,Effective'.Birth', Control 1.014 .898 .814 .752 .805 .805 .797 t '815.o819 ,823 

Do 99%Effec-ve Birt Contcol 1.014 .886 .793 .725 .782 .780 .772 .793, 799 .8oS03 



t.o three iing children.' With, highly effective, birth control (99 

Percent the crude birth' rate drops sharply from 51.5 to 34.6 in five 
years and thenriseto3 i subsequent. ten years only to fallsu sequent ,teny a,
 

again to 34 afteranoter 25 ars The dependency ratio also drops 

by~almost 30percentd in 15 years andthereafter increases about ten 

percent to a new stable level after the passage of another 35 years.. 

Table 7 suul~narizes, the -progr' etim asof the-'outc ome in:4terms
 

of surv0iving family. sizeand completed fertility for different aged
 
cohorts during several-of the projections.,, For exple, with the
 

*broad drop in death rates and the moderate reduction",in f amiy ize 
goal, a'90 percent effeCtive regim of birth control reduces copleted 

feprtility for women between the ages .of 35.and 39 from.six to five 

births-in a decadep (cases A through C of Table 3); the number of living 

children these women must provide'for on the average decreases from 

4.33 to'3.63. Several decades must elapse before older cohorts
 

are able to scale down their completed reproduction toward the,new,
 

goal.
 

The implied age-specific birth rates that underlie some of the,
 

stable population projections are summarized in Table 8. As assted
 

in the:model, ,fertil.ity,reduction occurs by~means of,adopting birth' 

controli to! terminate further.childb6aring, rather than by delaing the 

,initiation.of childbearing and spacing of births. The resultant ,re
.ductiohs Tihage-specific birth rates are concentrated,at-older ages 

-and parallel declines in:Taiwan and the United,States: rather than 

those in countries where marriage,has"been~delayed (for example,
 

i:Ireland!orKorea) or where married women have played only a limited
 

-r6le inthe nonfamily labor market (for example, The, Netherlands). :
 

PROJECTIONS OF THE BANGLADESH POPULATION 

..The. second set of population projections, is 'based on, estimates. 

of the population structure and vital rates for' East' Pakistan fin the 
iyears,,1962-1963. iTable 9 su-znarizes, the initial'popu ation statitics 

o-The no birth control or no cha6gI:i'fertility,•case :(case A)- is" 
ildentciL ato that shown in case A of Table 5. 
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' " ' ' .. -AVERAGE N R OFCLDREN EVER BON N 'NOWLIVINGASSOCIATED .:.:'-'..": -: IWITH PoPULATION PROJECTIONSa • 

jection, and,'" Ae oWoen 
Tim .519 , 20-24,;, -25-29., , 30-34 35-39 .40-44: 45-49 

3-A any .'0703,, 10.990-." 3.369- 4.739,". :5.908:" 6.720' 7.136
 
(4.327): C(4826),: (5'.003)
(.573)"., (1.544), (2.553)' (3.532) 


3C: 10: 694 1893 3072 4.238'; 5.349 '6.278" 6898
 

(1.465) (2.259) (2.955) ;1(3.562) (4.095), C(4.501)
20 (.565) ' 5.148
705 2.990 5567
3-C ."!20" 1.886 .927 4.639 


3 - , 'r (-564) ':i(1460)'"(2.255) (2.908),- '(3373) (3.664) (3.861) 
5.096: ':".5.32630 :.700 '1.892:': "2.989 :3'.925. 4642 , 

(.570) (1.465):'.(2.255). (2.907) (3375) (3.603.) (3701) 

5-A 10. .703" 1.990 3.369 4.739 5.908 -6.720 7136
 
(.609) (1.634)4.46) (4.926) (5.080)
 

-

5-A 20 ' .699 -1.990' 3.369: C 740T4' :: 5.908 6.720 "' 7;136, 

(.621) (1l.696) (2.805) (3.856) (4.671) (5.149),(5.277)
 
5.908 7.136
5-A 30 .:701- 1987 3.364 4.739 6.720 


•.625), (1.706) (2.839)' (3.942) (4.831) (51.368) (5.516)
 

5-C 10 .693." 1.879 ' :*20;983 3.981 4.899 5.752 6.468 

('600) ":(1.538) 1:'(2.346) (3,035) (3.633) (44.155).' (4.0554) 

5-C '-'20 , .700, 1.869 2.944 . 3.859 4.577.. 5.105- 5.545 

(.622) .590 '2.09) (3.113) (3.574) (3.848) (4.022) 
5C 30 . 691 .,864 .937/ 3.822 4.503: :'4 965 '5233.
 

(,616) (1.597) (20469)- (3.162) (3.654) (3.925)- (3.986)
 

-66 1.722 30628- 4.582-:' 5".526 6.340
 . '2 687
6-C 10 

(.572) (1.407), (2.106)1. (2.752) (3.381) (3.976) .(4.453)
 

6 C,.- 20 .672 1.709, 2.627 3:408 4.040 '4.573 ".14
 

(.596) (1.452) :,-(2.172) (2.745) '(3.146) (3.430)-; ,(3.687)
 

6-C 30.", .657. 1.702 .2.623, ..3.371 ,,3.956.,. 4 359, 4.606
 

(.585) (1.457) (2.201)" (2.785)' (3207).(3.440) (3'498),
 

6-D 10 .-.656. 10699, 2.630;, 3.534 4.465 5.416 . 6.264 
(.568) (1.388) ''(2.059),(2.677) (3.287) (3.888) "(4.393)
 

6-blD", 20 .670'' 1.6851-1 2,567 - '3'0305 .3.898 4.404: -4.944 

(.594) (1.431)." (2.121) .:(2.659)., (3.030). (3.295):- (3.553) 
3.266 3.810 4.184 ::.'4.417*
6 D 0 .- 652 1o677 2o563 


(.581) (1.435) ,(2150) (2.697) (3.086). '(3.297) .(3.'348).
 

6-D 100 .660 1.687 2.555 3.262 3.788 4.128 .- 296
 
(.587) (1.443) (2.145) (2.704) .(3.100) :(3329) '(3406)
 

aAverage number of chlldren nowlvlvng given in pereurneoeu. " 
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.,Table 8 

AGE-SPECIFIC BIRTH RATES ASSOCIATED WITH
 
;,POPULATION PROJECTIONSa
 

.Tabe
 
jection ,and e of Won ..
 

+Time'+ 15-19+K 20-24 25-29, 30-34 -"35-394044 45-49 

3-'A any 247 228.. 278 214 134- 52 

5-B 10 244 258 243 214 156 94 35 

5-D 10 242 240 2O6' 166 109 60 22 

6 10 226 206 171 134 ."85 45 15 

".,-Birth rates are expressed in.conventional ters of, births of both 
sexe'p!er thousand women of the specified ages. The birth rates +used
intthe'program are e births per thousand women of the specified ages. 

It"is asswned that the. sex ratio ofllive births is 106 males per-hundred 
females. 
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Table 9. 

INITIAL BASIS FOR BANGLADESH POPULATION PROJECTION 

Population Structurea 

(percent, Detath, Rateb- Bit9 naeAge. - (thousands) of total) ,(per, thous"and), (per'thouand) 

Less than 1 1,437.7 5.06 194.40 

5.9q 
4,187.3 
4,381.5 

14.731 
15.4 

24.40 
5.86 

10-14 
15-19 
209-24 
25?-297, 
30-34 

:,;3,549.5 
.2,319.5 
1,943.5 
2,018.5 
1,6561-

12.48 
81.16 
6.83 
7.10 
5.83 

2.35 
469 
6.76 
'8.89 
8.25 

135.7 
i69.'6 
-163.1 
145.7 

3539 
40444-45.49 :50654 

1437.-5 
100.'424::/§§i5
" 825 

5.806 

:8 
3.48, 

'8.20' 
2320 9 
0.7 

'86.7, 

3 
130 

:55-59 
60-64 
65-69 

822 5" 
679.0 
557.0 
447.0' 

'2.89'0 
2.39 
1.96 
1.57 

13.0 
22.49 
47.75 
47.61 

70-74 
75-79 

341.0 
187.8 

1.20 
.66 

82. 28 
121.38 

80 and over 268.7 .95 273.88 

:apopulation structure is'1962-1963 average for East Pakistan female
 
population from Brackett and Akers, 1965, Table E3, p. 32 (Assuming

Constant Fertility and Mortality-Series A).


bvital rates are 1962-1963 averages for East Pakistan female popu
lation from Population Growth Estimation Experiment (Report of The):

Description and Some Results for 1962 and 1963, 1968. 
Birth rates are

estimated as the number of female children born to women of each age
(Table A-18) divided by the number of women of that age (Table PC-3).

Death rates are estimated as the number of female deaths at a given age
(Table B-1) divided by the number of women of that age. 
Assuming that
the ample population given in Table PC-3 is 
a good estimate of nLx,
these ratios are estimates of the mortality rates and fertility

rates as defined in Section II of this report. 



,Thenotesto Tabl 10 decribe assumptions underlying the" Initial 
dst^ and. derivative projections shown In Table 10. The cruide birth 
rate IAe inItIally 49.per thousand persons, the crude death rate is 
25, ad the rate of population Increase is 2.4 percent per year. The 
'dependency ratio In this population Is substantially higher, 1.18, 

than in the preceding "stable" population projection. 

In case A (Table 10), age-specific birth and death rates estl

nated for 1962-963 from the Population Growth Ixperenset are assumed 

to reai unchanged. Theinitial age composition, which reflects very 

high fertility of'the.1950s, contributes to a sharp Increase in the 
prjiected crude birth -te for the first 20 years, stabilizing there

after"at about 55 births per thousand population; the crude death 

rate fall. to about. 2 per thousand. With constant age-specific birth 

and death rates, Bangladesh experiences a 40 percent acceleration in 

its rate of population growth from 2.4 to 3.4 percent per year within 
20-years. Nonetheless,, the extraordinarily high initial dependency 

ratio declines by one-tenth in the irst decade of the projection as 

the population structure moves tovard a more "stable" configuration. 

All subsequent projections of the Bangladesh population asume 

that the regime of mortality:estimated for 1962-1963 systematically 

impro0es until 1982-1983 and.reains unchanged thereafter (see notes 

tO',Table 10). Case B of Table 10 is based on the asuption that this 

change in age-specific mortality rates does not elicit any change in 
a~a-specific birth rte. *n this case the rate of population growth 

increases more than 60 percent in. 20 years, crude death rates drop to 

about 14 per thousand, and the dependency ratio, after first falling, 

returns In 40 years"to the veryhighlinitial ,levels observed In 

1962-1963.
 

We now conider altnative assptions regarding how reproduc

tion goalschange and the effectiveness of birth control adopted to 

iraomplsh these goals. Implicit In the Initial population statistics 

sumarized in Table 9 is the "stable" surviving family sio of about 

five children when the mother is 50 years of age. In the case C pro

jections, it Is assumed that this "traditional" surviving family sil 

goal remains in offect, but in case.C-1 only 50 per-'t effective 
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Table 10 

"PROJECTIONOF CONTEMPORARY POPULATION OF'BANGL,ADESH ASSUMING1 
IDIFFERT TRENDS IN MORTALITY AND FERTILITY BEHAVIOIR 

MAsmtions *Elapsed Tim (Years)
 
for Models 0 5 10 20 30- 40 50
 

Population Growth Rate .(percent per year)
 
A 2.393 2.868 3.132 3.432 3.434. 3.4931 3.515
 
B 2.393 3.138 3.566 3.942 3.968 4 .057. 4.089'
 
C-1 2.393 2.754 3.263 3.577'; 3.5291 3.613 3.617
 
C-2 2.393 2.470 3.053 3.310 3.213 *3.294' 3.271
 
C-3 2.393 2.409 3.009 3.252 3.146 3.226 3.197
 
D-1 2.393 2.715 3.184- 3.404 -;303761 3.424 : 3.422
 
D-2 2.393 2.401 2.914 30004 2.949 2.958 " 2.927
 
D-3 2.393 *2.333 2.857 2.918 2.859 2.859 2.821
 

Crude Birth Rate (pe .thond per year)
 
A 486.81 50.23 52.49 55.22 54.69 55.00 55.13
 
-B 48.81 49.95 51.55 '53.10' 52.93- i!53.54 53.68
 
C-1: 48.81 45.62 48.30 49.26 48.45 49. ,08 48.99
 
C-2 48.81 42.43' 46.07 46.45: 45.25 45.90 45.59
 
C-3 	 48.81 41.75 45.60 45.85 44.57:' 45.23 44.87 
D-1 48.81 45.14 47.39 47.37,.46.87 -47.14 47.04
 
D-2' 48.81 41.58 44.45 .43'.09 42.53 42.48 42.20
 
D'3 48.81 40.81 43.84 --42.17 41.62 41.49 41.18
 

Dependency. Ratio (persons less than 15 and. over 59 to persons 15-59) 

'A 1,175 :1.124 1.083-' 1.094 1.115 1.085. 1083 
B" ' 1.175. 1.135 .1.119 1.173 1.200 1.175. 1,174 
C-1 1.175 1.084 111.095 1.0455 '06 1095 1.08
C-2 	 1.175 1.064 .992 1.024 1.023 .991 .996, 

C-3: 1.175 1.057.. 981 1.011 1.00 .9,76 .982
 
*D-1 1,175 1.092 1.037 1.052: 1.051 1.023 '1.022 

D-2 1.175 1.060 '".977, .970. .949 .922-.921 
D-3 1.175 1.053 .,'.965 .953 ,.928:. .901 .901 

'Initial population age structure, fertility rates, and mortality
 
raes are those of Table 9.
 

Case'A: Initial mortality and fertility rates continue unchanged.
 

Case B: 	 Initial fertility rates continue unchanged. Mortality declines 
over the first ten years by a constant schedule of rates. The 
schedule of rates is defined such.that, if the initial mortality 
rates were those of "East" life tables, level 11 females of 
Coal* and Demny (1966), the mortality rats would be reduced 
to those of "Eat" life tables, level 16 females. Over the 

http:47.37,.46.87
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Tle10. 	continued 

second ten years, mortality rates are similarly reduced'bb ' 
rates that would take "East" life tables, level 16 female
 
mortality rates to level 18 female mortality rates. After 20
 
years, mortallty rates remain constant at their new levels.
 

Case C: 	 Mortality rates decline as for case B. Fertility rates for 
all women with more than a desired family size of five our
viving children are reduced as described in Appendix C. The 
value of c is 50 percent for case C-1, 90 percent for came 
C-2, and 99 percent for case C-3. 

CaseD: 	 Identical to case C, except the desired family size is assumed 
to decline linearly from five to four children over the first 
20 years and remain constant at four children thereafter. The 
three variants assume 50, 90, and 99 percent effective birth 
control as in case C. 
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irth control 8 adopted to accomplish this goal. n 'case C-2birth'.
 
-control is assumed to be 90 percent effective and in cane C-3, 99 per
cent offective. With extremely effective birth control crude(C-3), 

birth rates decrease about 16 percent in five years compared with the
 
control case (projection B),, whereas the rate of population growth is 
about ten percent less; and the dependency ratio falls first ten, and 
eventually 20, percent below the control projection (B). Reproductive
 
behavior in the control case is assamed not 
to respond-to the mounting 
pressures of the dependency ratij or to the increasing nwer of living 

children older parents must support. 
The final net of projections (D) postulate the same mortality 

changes that occur in B and C, but in this cazse the survivini family 
ilso goal is assumsd to decline linearly from five to four over the 

first 20 years of the projection. Three levels of birth control 
effectivenesa are considered as in the earlier examples. With 99 per
cent effecti4ebirth control (D-3), earlier noted patterns are exag
gerated. However, relative to the case where fertility goals did not 
change (C-3), the 20 percent decline in reproductive goals causes only 
a seven percent drop in crude birth rates, and the rate of population 
growth and the dependency ratio fall about ten percent below these values 
associated with the larger family size goal but similarly effective 

birth control (C-3). 
rom this. specific examination of the case of Bangladesh several 

policy implications emerge. The population in 1962-1963 is much younger 

than :the "stable" population associated with current estimated birth 
and death rates. This would appear to follo from a sharp drop in 
death rates in the decades preceding 1960.rand perhaps an unusual-rise 
in fertility during the decade following the partition of India and 
Pakistan with its unsettling aftermath. From the high dependency ratio 
for 1962-1963, the population composition of B.L.gladesh must become 
mere favorable from an economic point of view (the dependency ratio 
must fall) regardless of subsequent trends in fertility or mortality. 

However, the rate of population growth is also likely to accelerate 
after.1962-1963 both because of-evolving age composition effects and 
because of the effecto'f: probable continuing declines in age-specific 



death rates. ThiS latter source of further acceleration in the rate of 

population growth would.be approximately offset by a compensating de

crease in fertiity - that wasAmtivated by parents trying to hold their 

completed 'surviuingfnily size constant (projection C-i) In the face 

of the declining child death rates if their birth control were somewhat 
more" than "'50-percent effective . Unless there is a further reduction' 

*in the number of' living children parents -want .or:' a- great increase in 

the ffectiVeness 'o'f 'birth- control' tha they -adopt, the rate of popu

lation-'growth'is likely to,increase forBangladesh to!: about three pr

cent pert'year. 'Although itdoes'not' seem realistic:0to, project a decline 

in the rate of population growth, it .seems highly reasonable to assume 

that some' combination of 'birth control effectiveness and change in, 

reproductive goals will induce a.substantial reduction in',the 'dependency 

ratio with,its improved implications for the economic productive capa

bilities of the population relative to its consumption requirements.
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IV. CONCLUSIONS* 

This rerrt makes accessible an adaptable program fo. projecting 

the age composition and growth of populations. The user specifies the 

time path of age-specific birth and death rates and the initial popu

lation; the program then computes most generally desired demographic 

characteristics of the population over time, including the average 

number of children born and surviving by age to women of various ages. 

The fertility and mortality trends may be made endogenous to a model 

of population grovth, as was done in the preceding section, where age

specific birth rates were made a function of the average number of 

living children the group of women had. The user may flexibly add his 

laborown subroutines for linking the 	projected population structure to 

household savings; demand for educational,force participation; migration; 

family planning, and health services; and so on, as needed. 1 

In the preceding section a number of illustrations showed the use 

of the program and the significant differences between "stable" and 

for the purpose of generatingactual initial population structures 

policy implications about the interactions between the "demographic 

transition" and the development process. 

Starting with a "stable" population, any broad decline in'age

specific mortality rates creates a prompt rise in population'growth 

and an extended rise in the dependency ratio. This increased economic 

burden on the society's adult population reaches a peak after about 

20 years if the new lower level 	of mortality also stabilizes after a
 

few decades. If, on the other hand, any moderately effective measures
 

not to exceed their traditional'of birth control are adopted by 	parents 

surviving family size goals, dependency ratios decline about five per!,. 

cent (see Table 5, case B) in two decades. 

mObviously, if the target for a familyplanning program is the
 

population of women of reproductive age and particularly those aged
 
30 to 44, these target groups could be projected with ease under alter

a
n6ive assumptions about future birth rates for any period beyond 
couple of decades into the future. 



Fro". the"initial:".lstable" population fertility generates. a drop in 


similar 1-oscillattoryL wavsaIn the age structure,, but In the reverse
 
direction+ A drop in reproductive goals first creates a marked re

ductio in crude birth rates and population growth. But this brief
 
respite in followed shortly by a resurgence in crude birth rates as
 

the large number of children born before the change in reproductive
 

:*:goals grow up and enter upon their childbearing years. This resurgence 

,ofcrude birth rates and population growth rates gradually subsides 

after 20 years as the smaller, post-transition cohorts begin to enter 

Stheir 
 childbearing period. The oscillatory behavior created by the
 

slowly changing age composition Is more pronounced the greater the 

speed of changes in birth and death rates and the extent to which 

,they reinforce one another. For example, if a drop in child mortallty 

coincides with a (postwar) baby boom, and is then followed by a sharp 

decline in age-specific fertility, a decade will follow (forexamlei
 
the 1970s in Taiwan) when changes in. the age composition will. contri

bute to an increase in crude birth rates and the natural rate'of popU

lation growth, even though age-specific birth rates may continue to
 

fall (Freedman and Sun, 1971).
 

The Bangladesh population may for many, reasons be.typical, of that, 
in low income countries with very high childm mortalityanda.,youthfu 

age structure. The choice of Bangladesh exemlifies the differences.
 
betwee" "stable" and actual population projections., znitially the
 

society bears a very heavy dependency+ (child to:adult ratio) burden.
 

that appears likely to.grow less burdensome in the future even if only
 

a modbot decline in age-specific birth rates occurs. However, this.
 

reduction in the dependency ratio .is likely to coincide with a sub

stantial increase in the rate of population growth and perhaps even
 

parallel an increase in crude birth rates as the age composition becom
 

more heavily concentrated in the childbearing years. Although more
 
effective birth control may speed the decline in birth rates and secure
 

a larger ultimate decline in crude-birth rates, given the assumptions
 

of the model,,a reduction in the surviving family size goal appears to
 

be essential to any substantial slowing of population growth in countries
 

like Bangladesh.
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Appendix A
 

INSTRUCTIONS FOR USING THE PROGRAM 

The projection program requires two sets of information: a Control 

Section and a Data Section. The Control Section supplies the program
 

with all necessary information for performing the projection, such as
 

the title, location, and format of the data to be read; what output to 

print; and what options to use. The Data Section supplies the program
 

with the initial population distribution, fertility and mortality rates,
 

and optionally a description of the "average" family. These two sections
 

may be repeated as often as necessary. The variable names used by the
 

program are defined in Table A-1. The program will check for possible
 

errors and, if one is encountered, return a descriptive error message.
 

The error messages used are listed in the foldout table at the end of
 

this report.
 

CONTROL SECTION
 

Card 1 -- Title Card
 

This card contains a title of up to 80 characters identifying the
 

projection. Itwill be printed at the top of each page of output.
 

Card 2 -- Prolection Card (14,6X,412,2X,2011,FlO.0,2(5X,F5.0)).
 

col. 1-4: Base year of the projection.
 

col. 11-12: Data set reference number for the data set containing
 

the initial population distribution. Any legitimate data set
 

reference number (1 through 99, except for 6, the printer) may
 

be used. If none is supplied, the program assumes that the data
 

set is on cards, unit (5).
 

col. 13-14: Data set reference number for the data set containing
 

the initial fertility rates. If no value is provided, the program
 

assumes that these data are in the same data set as the population
 

distribution. 



Table A-4
 

DEFINITION OF-VARIABLES IN PROGRAM
 

Vaiiable 	 Definition 

POP(I,J) 	 The population aged J - 1 years for J - 1,...,81; I 
1,2 for the current and previous year respectively. 

BIRTHS(IJ) 	 The number of female births to women aged J - 1 for J 
1,...,81; I - 1,2 for the current and previous years 
respectively. 

DEATHS(IgJ) 	 The number of deaths of persons aged J - 1 for J 
1,...,81; I - 1,2 for the current and previous years 
respectively. 

ASFR(I,J) 	 The age-specific fertility rate for women aged J - 1 for 
J -1,...,81 in births per woman per year; I - 1,2 for 
the current and previous year respectively. 

ASMR(IJ) 	 The age-specific mortality rate for persons aged J - 1 
for J - 1,...,81 in deaths per person per year; I - 1,2 
for the current and previous year respectively. 

FAMILY(I,J) Description of "average" family: 
Mother's age - I + 14 for I - 11669,35, 
Female child's age - J - 1 for 3 - 1,...,35; 
Total number of live female births to mother for
 
J - 36. 

IYEAR 	 Year of projection.
 

AZERO 	 1a0 (IYEAR) 

AONE 	 .1la1(IYEAR) 

R 	 The value initially calculated (or read) for the growth 
rate used to disaggregate the population of multiple
 
year cohorts (if Option 1 is less than 3).
 

IOPT(I) 	 The value of Option number I for I - 1,...,20. 
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col. 15-16: Data set reference number of the data set contalning 

the initial mortality rates. Same default condition applies as 

for the initial fertility rates. 

col. 17-18: Data set reference number for the data set containing 

the description of the "average" family, if such a description is 

read. Same default condition applies as for the initial fertility 

and mortality rates. 

col. 21-40: Values assigned to the array IOPT(I), I - 1,...020. 

These values determine which options will be used for the projec

tion. The available options and the corresponding values of IOPT 

are listed in Table A-2. 

col. 51-60: Value of R required for disaggregating multiple year 

cohorts in the population distribution. This value is used only 

if IOPT(9)  1. 

col. 66-70: Initial value of AZERO. This value is used only if 

IOPT(7) - 1. 

col. 76-80: Initial value of AONE. This value is used only if 

IOPT(7) - 1. 

Card 3 -- Output-Card (2014)
 

This card contains the list of years for which output is to be 

printed. The years need not be in order, but the list is assumed to 

end once a year less than or equal to the base year is encountered. 

As many as 100 years of printout are allowed, and additional cards 

may be used as necessary. Note that if less than 100 years of output 

is desired the it must end with a year less than or equal to the 

base year, even if a new card is required for only this year. 

DATA SECTION 

POPULATION (8F10.0)
 

The initial population distribution is the first data read by the
 ' program. -The population is read from ages 0 through 80+. te data 

may be aggregated in any one of four forms, as determined by IOPT(l). 

These four forms are listed in Table A-2. 
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Table A-2 

CONTROL OPTIONS 

Option Results 

1 Controls level of aggregation for initial population distri

bution to be read as follows: 

Value Cohorts 

2 

0 Ol-4,5-9,10-14,...,75-79,80+ 
1 0,1,2,3,4,5-9,10-14,...,75-79,80+ 
2 0,1,2,3,4,5,6,7,8,9,10-14,...,75-79,80+ 
3 0,1,2,3,4,5,6,7,8,9,10,11,...,78,79,80+ 

Controls level of aggregation and limits of initial fertility 

schedule to be read as follows: 

Value Cohorts 

0 
1 

15-19,20-24,25-29, 30-34,35-39,40-44,45-49 
Cohort size and limits read as data. See 
Data Section: Fertility. 

3 Controls level of aggregation for initial mortality schedule 
to be read. Values and resulting cohorts are the same as for 
Option 1. 

4 Program generates initial description of "average" family if 
value is zero (0); description read as data if value is one (1). 

5 Fertility rates constant if value is zero 
supplied by ENFERT if value is one (1). 

(0); fertility rates 

6 Mortality rates constant if value is zero (0); mortality rates 
supplied by ENNORT if value is one (1). 

7 AZERO 0.35, AONE  0.42 if value is zero 
and AONE read if value is one (1). 

(0); values of AZERO 

8 Projection output printed for single years of age through age 
nine (9) if value is one (1); output printed for-ages 0,1-4, 
5-9 if value is zero (0). 

9 Initial value of R calculated by program if value is zero 
value of R read if value is one (1). 

(0); 

10 Average age, percent aged 15-44, dependency ratio, expected 
lifespan at birth, birth-woman ratio, .and child-woman ratio 
printed lif value is !one' (1). 

11-20 Available for user options in INPUT and ENKORT. 
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FERTILITY (8F10.0)
 
The initial fertility rates are read second by the program. 
If 

the value of IOPT(2) . 0, fertility rates are read for ages 15-19, 20
24, 25-29, 30-34, 35-39, 40-44, and 45-49. If the value of IOPT(2)

1, the program reads values 
Ni, N2, and N3 (312) from the fertility
data set before reading any fertility rates. These values represent
the lower limit of the first cohort, the width of each cohort, and the 
lower limit of the last cohort for which fertility rates are to be read.
 
N3 must be greater than or equal to N1, and the difference N3-N1 must 
be evenly divisible by N2. If, for example, IOPT(2)  1 and values of 
Ni - 10, N2 - 10, and N3 - 50 were supplied, fertility rates would be 
read for ages 10-19, 20-29, 30-39, 40-49, and 50-59.
 

MORTALITY (810.0)
 
The program next 
 reads the initial mortality rates for ages 0 

through 80+. 
The levels of aggregation allowed are the same as those
 
for the initial population distribution shown in Table A-2. 
The level 
of aggregation is determined by IOPT(3). 

FAMILY (8F10.0)
 
If the value of IOPT(4)  1, the program next reads a description


of the "average" family. 
This description includes the number of
 
children currently living, by age, by age of mother, and the total
 
number of children ever born by age of mother. These data are stored
 
in the array FAMILY as shown in Table A-1. The 
 data will be read in
 
the following order:
 

((FAMILY(IJ), J - 1, 36), I a 1, 35), 

that is, the number of children alive for ages 0 through 35 and the 
total number of children ever born according to the age of the mother,
from 15 through 49. Eight values are read per record until all entrie 
have been read.
 

Although a fixed format is specified for population, fertility, 
mortality, and family description, any decimal points coded in the
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data will override the specifications of this format. The following
 

made for the data read by the program:assumptions are 

1. If an initial growth rate, R, is read, the value is per 

1,000 per year.
 

2. Fertility and mortality rates are per 1,000 per year.
 

3. Fertility rates and the description of the "average" 

family are in terms of female children per woman, not
 

total children per woman.
 

USER SUPPLIED FERTILITY AND MORTALITY FUNCTIONS
 

If levels of fertility and mortality remain constant, the pro

jected population will assume a stable configuration characteristic 

of the particular mortality and fertility schedules supplied as input.
 

The program, however, allows the user to vary mortality and fertility
 

rates over time. The variation may be either a simple function of 

time or include the current family size and age distribution and 

various measures of birth control and family planning and policy 

options, such as levels of expenditure on health or family planning 

programs. Any of these possibilities is permitted by the use of two 

subroutines, ENFERT and ENMORT. 

ENFERT is called if the value of IOPT(5) - 1, and ENMORT is 

called if the value of IOPT(6) - 1. These subroutines may use any 

of the values of IOPT(I), I w ll,...,20 to supply additional parameters 

for the functions. All data are supplied to and returned by the sub

routines through. COMfON statements as shown in Appendix D, p. 76. If 

both ENFERT and ENMORT are used, ENFERT is called first. ENFERT should 

return the new values of the age-specific fertility rate as ASFR(I,I), 

should return the values of the age-specificI - 1,...,81; ENMORT 

mortality rate as ASMR(l,I), I - 1,... ,81. All values returned should 

be in terms of per person per year, not per 1,000 per year as the in

put values are. If IOPT(3) - 0 (if a single mortality rate is read 

initially for the combined ages one through four), the program will 

assume that the values returned for ages one through four by ENMORT 

The program will then set ASMR(1,2) 
represent such a combined average. 


ASMR(,3) * 1.83, .ASMR(1,3) - ASMR(l,3), ASR(l,4) -0.65 * ASMR(1,3),
 

as is done with the initial values.
and ASMR(1,5) - 0.42 * ASMR(l,3) 
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Appendix B
 

A SAMPLE PROBLEM
 

The following pages contain a complete sample problem, including
 

the user supplied fertility and mortality functions, control section
 
input, initial population, fertility rates, and mortality rates, to
gether with all output generated by the program. The initial mortality
 

rates are taken from Coale and Demeny, 1966, p. 448, Female Population
 
"East" life tables, level 11. The initial fertility rates are esti

mated from Schultz and DaVanzo, 1970 and the U.S. Bureau of the Census.1
 

The initial population is the stable population distribution implied
 
by these fertility and mortality rates.2 By starting with this stable
 

population, any changes in population or vital rates over the projec
tion period can be attributed directly to changes in age-specific
 

fertility and mortality rates determined by subroutines ENFERT and
 

ENMORT.
 

In our example, ENMORT reduces the initial age-specific mortality
 

from "East" life tables, level 11 to level 16 over the first ten years
 
of the projection, and from level 16 to level 18 over the second ten
 
years, after which time they are assumed to remain constant. If
 
IOPT(ll) - 1, mortality rates are reduced for all ages less than five
 

years; if IOPT(ll) - 2, mortality rates are reduced for all ages. The
 
subroutine ENFERT reduces fertility rates by e for all women with
 
IOPT(13) or more living children (IOPT(13)/2 or more living female
 

children), where c is determined by the value assigned to IOPT(12) 

as follows:
 

IOPT(12) - 1, c 50%, IOPT(12) 2,, - 90%; IOPT(12) - 3, e a - 99% 

1Brackett and Akers, 1965.
 
2This stable population was generated by allowing the program
 

to run for a period of 200 years with constant fertility and mortality
 
rates, at which point the population distribution showed no measurable
 
changes over time.
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to follow a truncated normal distri-Surviving family sizes are assumed 

The function QTRUNC calculates the
bution as described in Appendix C. 


normal distribution function according to approximations 5704 and 5722
 

(Hart et 	al., 1968). 

The following option values were specified for the sample problem 

that follows: 

ZOPT(5) - 1 User supplied fertility function, 

User supplied mortality function,
IOPT(6) - 1 

IOPT(8) - 1 Extended output for ages 0 through 9,
 

IOPT(lO) - 1 Population simnary statistics printed,
 

IOPT(ll) w 2 Mortality reduced for all ages,
 

90 percent effective response of fertility to
IOPT(12) - 2 


changes in surviving family size,
 

Desired family size of 4 children.
IOPT(13) 	 - 4 

read from cards (Data Set number 5). Output was requestedAll data 	were 
The problem was run
for years 5, 10, 15, 20, 30, 40, 50, 75, and 100. 

360/65 (OS Release 19, WIT), and required 32.3 seconds on Rand's IBM 


of Central Processing Unit (CPU) time and 56K-bytes of core.
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CONTIROL SEC'TION INPUT'FOR SAMPLE PROBE 



SUBROUTINE ENMORT 
DIMENSION POP(2,8l),BIRTH(2,81IOEATH(2981) ,ASFR(Z,81RASI4R(2,81I
 
$ tFAIILY135,36),IOPT(2O)
 
COMMON POPBIRTHtDEATHASFRASMRFAMILYIYEARAZEROAONERtIOPT
 
DIMENSION RATE(18921
 36 13 133 59
DATA RATE /994O292363,s918173l3OAa925396221o932448199te9
96 01756 32
 6 @937543L42..9378O3854,943232lZg9451328Ogo95205695990
 
E,.9641571,96522695,967383322,97O9lOll3Ie976040459*980637421
82269h96496109 5
 
6,.987285705, .969551226,.952976722t.957159093,e96294
 

*967657333, .970635287,.974838409,919784490
.t966472141, e965946647, 

&,.98l99l304, .982753132,.984046906,.986090689,0988853482,1991210617
 
69, 993642006/
 
IF(IOPT(1I.EQ.O.OR.IYEAR.GTOZO) RETURN
 
MAX = 5
 
IF(IOPT(11).EQ*21 MAX = 81
 
K = 1
 
IF(IYEARoGT*10) K = 2
 
L =1
 
DO I I = lvMAX
 
IF(IoEQJ.2) L = 2
 
IF(IoGT*5eANO.I-5*(I/5)eEQ.1) L =I + 1.
 

1 ASMR(1I)~ = ASMR(1,I) * RATEIL*K) 
RETURN 
END 



SUBROUTINE ENFERT
 
IMPLICIT REAL*8 ($)
 
REAL*8 QTRUNC
 
DIMENSION BR(351
 
COMMON POP(2,81),BIRTH(2,Bl),DEATH(2,8),ASFR(2,1)., ASNR(28t1~t

& FAMILY(35,36),|YEARAZEROACNERt|OPT(20)
 
IF(IYEAR.GT.1) GO TO 3
 
•SDFS 	= IOPT(13)
 
SDFS = SDFS * 05D0
 
DO 4 1 = 1,35
 

4 BR(I) = ASFR(19I+15) 
3 EPS = 0.0 

IF(IOPT(12).EQl) EPS 00.50
 
IF(IOPT(12).EQ.2) EPS = 0.90
 
IF4IOPT(12).EQ.3) EPS = 0.99
 
IF(EPS.EQ.O.O) RETURN
 
DO I I = 16v50
 
11 = I - 15
 
FS 00
 
00 2 J 1,35
 

2 FS = FS + FAMILY(IlvJ) 
$A = - 13 
SA = O.2D0 * $A
 
SF = FS
 
SM = .7317D-1 - .143300 * $A + 1.27600 * 
 $F
 
$S = .549000 + .1282D0 * SA + .258900 $SF
 
SQ = QTRUNC(SDFStSMtSS)
 
Q = $Q 

1 ASFR(Irl) = BR(I1) * ( 1.0 - EPS * Q I 
RETURN 
END
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FUNCTION QTRUNC(XtMS
 
IMPLICIT HEAL*3 (A-H#M-L) 

~IFtX.LEeO.COO) GOJTC 1 
Q = OoODO 
IFfSoLE.O.ODO) GU TO 1 
Q = QNURM( - M / S ) 
IF(Q.LE.O.Oi)O) GOl ro 2 

" I X 
1 QTRU:AC = Q 

=NURM( - M IS 

RETURN
 
2 Q = O.ODO 
GO TO I 
END 
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FUNCTION QNORMIX)
 
IMPLICIT REAL*8 (A-HU-Z)
 
IS = I
 
F = 05D0
 
IF(X*EQ.O.0001 GO TC 4
 
F = OODO
 
IFIX.GTol00OO0) GO TO 4
 
F = 19000
 
IF(X.LTo-0000) GO TO 4
 
Z a X * 0.707106781186547
 
IF(X.GE*0OO00) GO TO I
 
Z=- Z
 
IS = -1
 

I IF(Z.LTe8.0DO) GO TO 2
 
P = 1.63271618512628 + Z * 1 2o35360143283568 * Z * (
 
$ 3.03185804944393 + Z * ( .895157182255506 + Z *
 
$ .564189583547937 ) I )
 
Q - 1.29314873038423 + Z * 4 5.08080210486990 e Z * (
 

$ 4.96496300826808 + Z * ( 5.87382846427043 + Z * (
 
$ 1.58662479494698 + Z J I I
 
GO TO 3
 

2 P = d83.478942608496 + Z * ( 1549.67931240372 + Z * 
$ 1347.19413409759 + Z * ( 723.040002777530 + Z * 
$ 255.500494694558 + Z * ( 59.2400101129141 + Z * 
$ 8.37653108141970 + Z * .564189559442610 1 ) I 
Q = 883,4789426C8500 + Z * ( 2546.57854580975 + Z
 
$ 3337.22136998927 + Z * ( 2606.71201526511 + Z
 
$ 1333.56957567996 + Z * ( 460.28512369L601 + Z
 
$ 105.500254397689 + Z * ( 14.8470122375235 + Z I I 

3 F = 05D0 * DEXP( - Z *Z *P/ 

IFIIS.LT.0) F 1.ODO - F 
4 QNORM = F 

RETURN 
END
 

1 
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4.0 ; 90 EFFECTIVE CONTRACEPTION.
MORTALITY CECLINES FOR ALL AGES ; D.F'S. 


C TO YEAR 100
PROJECTION FROM YEAR 


40 50 75 100
 
WITH OUTPUT FOR THE FOLLOWING YEARS 5 10 15 20 30 


CCNTROL OPTION VALUES USED -

I : 0 6 : 1 11 : 2 16 : 0
 

2 : 0 7 : 0 12 : 2 17 : 0
 
18 : 0
3 : 0 8 : 1 13 : 


9 : 0 14 : 0 19 : 0
4 : 0 

20 : 0
5 : 1 10 : 1 15 : 0 
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MORTALITY CECLINES FOR ALL AGES ; O.F.S. = 4.0 ; 90X EFFECTIVE CONTRACEPTION. 

SUMMARY OF INPUT DATA FOR POPULATION, FERTILITY, AND MORTALITY YEAR 0 

COHORT POPULATION 
(1) 

X OF TOTAL 
12) 

BIRTH RATE* 
13) 

DEATH RATES 
14) 

TOTAL 10000047. 100.000 51.474 20.179 

LESS THAN 1 
1 - 4 
5 - 9 

10 - 14 
15 - 19 
20  24 
25 - 29 
30  34 
35  39 
40-- 44 
45  49 
50 - 54 
55 - 59 
60 - 64 
65 - 69 
70 - 74 
75 - 79 

80 AND OVER 

447200. 
1448796. 
1503296. 
1258098. 
1055794. 
880201. 
729301. 
601600. 
494200. 
404299. 
328899. 
264100. 
2C6600. 
154400. 
IC7CO. 
65700. 
33700. 
16900. 

4.477 
14S88 
15.C33 
12.581 
10.558 
8.802 
7.293 
6.016 
4.942 
4.043 
3.289 
2.641 
2.066 
1.544 
1.C70 
0.657 
0.337 
0.169 

0.0 
0.0 
0.0 
0.0 

120.000 
135.000 
140.000 
135.000 
104.000 
65.000 
25.000 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

205.000 
23.656 
5.450 
3.200 
4.450 
5.870 
6.880 
7.660 
8.530 
9.300 
10.810 
14.570 
21.400 
33.200 
52.420 
82.360 
127.930 
229.540 

"4 

* PER THCUSAND PER YEAR 

AVERAGE AGE 21.132 PERCENT AGED 15-44 41.6536 DEPENDENCY RATIO 1.0141 

EXP (BIRTH) 44.922 BIRTH - WOMAN RATIO 0.1236 CHILD - WOMAN RATIO 0.4552 

STATISTICAL DESCRIPTION OF "AVERAGE" FAMILIES 

PARENT'S 
COHORT 0 1 - 4 

CHILDREN SURVIVING AT AGES 
5 - 9 10 -14 15 - 19 20 -24 25 -29 30 + 

TOTAL LIVE 
BIRTHS 

TOTAL SURVIVAL 
SURVIVORS RATE (1) 

15 - 19 
2C  24 
25 -29 
30  34 
35- :39 
40 - 44 
45  49 

0.10589 
0.11913 
0.12354 
0.11913 
0.09177 
0.05736 
0.02206 

0.18057 
0.39291 
0.42418 
0.42460 
0.37022 
0.26259 
0.14082 

0.0 
0.25992 
0.47485 
0.50849 
0.50530 
0.43069 
0.29920 

0.0 
0.0 
0.25378 
0.46461 
0.49758 
0.49450 
0.42163 

0.0 
0.0 
0.0 
0.24906 
0.45583 
0.48817 
0.48514 

000 
0.0 
0.0 
0.0 
0.24282 
0.44424 
0.47574 

0.0 
0.0 
0.0 
0.0 
0.0 
0.23525 
0.43030 

0.0 
000 
0.0 
0.0 
0.0 
0.0 
0.22674 

0.35154 
0.99510 
1.68445 
2.36961 
2.95381 
3.35977 
3.56790 

0.28646 
0.77196 
1.27634 
l76590 
2.16351 
2.41279 
2.50164 

81.49770 
77.57610 
75.77232 
74.52280 
73.24493 
71.81407 
70.11504 
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MORTALITY DECLINES FOR ALL AGES ; D.F.S. - 4.0 ; 90X EFFECTIVE CONTRACEPTION.
 

POPULATION, BIRTHS, AND DEATHS PROJECTED CATA YEAR 5
 

COHORT POPULATION X OF TOTAL CHANGE RATE * BIRTHS RATE ** DEATHS RATE ** 
( 1 ) ( 2 ( 3 ) (43 (5) ( 6 ( 7 3 ( a )
 

TOTAL 11276716. 100.000 279833. 2.5447 461060. 40.886 153406. 13.604
 

0 412339. 3.657 17347. 4.3918 0. 0.0 62133. 150.684
 
1 360771. 3.199 16177. 4.6944 0. 0.0 10137. 28.99
 
2 335785. 2.978 15965. 4.9918 0. 0.0 5156. 15.355
 
3 314488. 2.789 -36911. -10.5039 0. 0.0 3139. 9.981
 
4 347591. 3.082 -35718. -9.3184 O. 0.0 2242. 6.449
 
5 380711. 3.376 13333. 3.6293 0. 0.0 1408. 3.699
 
6 365700. 3e243 11866. 3.3536 0. 00 1353. 3.69q
 

7 352219. 3.123 11190. 3.2814 0. 0.0 1303. 3.699
 
8 339471. 3.010 10654. 3.2402 0. 0.0 1256. 3.699
 
9 327316. 2.903 13831. 3.4222 0. 0.0 1211. 3.699
 

1 - 4 1358635. 12.048 -40487. -2.8937 0. 0.0 20674. 15.217 
5 - 9 1765416. 15.655 57875. 3.3894 O. C.0 6530. 3.699
 

10 - 14 1473630. 13.068 46236. 3.2392 0. 0.0 3324. 2.256
 
15 -19 1236622. 10.966 39682. 3.2290 145367. 117.552 3956. 3.199
 
20 - 24 1031444. 9.147 32421. 3.2452 122249. 118.522 4386. 4.252
 
25 - 29 855064. 7.583 27014. 3.2624 87558. 102.399 4267. 4.991
 
30 - 34 705491. 6.256 22348. 3.2714 57161. 81.023 3973. 5.631
 
35 - 39 579644. 5.140 18394. 3.2773 30536. 52.680 3728. 6.432
 
40 - 44 474183. 4.205 15047. 3.2773 13990. 29.503 3449. 7.274
 
45 - 49 385707. 3.420 12228. 3.2741 4200. 10.890 3403. 8.822
 
50 - 54 309873. 2.748 9860. 3.*265 0. C.0 376!. 12.137
 
55 - 59 242722. 2.152 7812. 3.3254 O. 0.0 4353. !7.934
 
60 - 64 181760. 1.612 5960. 3.3902 0. 0.0 5112. 28.127
 
65 - 69 126256. 1.12C 4238. 3.4736 0. 0.0 5710. 45.226
 
70 - 74 77865. 0.690 2705. 3.5984 0. 0.0 56R0. 72.q41
 
75 - 79 39980. 0.355 1415. 3.6699 0. 0.0 463e. 1.16.015
 

80 + 20116. 0.178 732. 3.7786 0. 0.0 4331. 215.314
 

PERCENT PER YEAR
 
* PER THCUSAND PER YEAR
 

AVERAGE AGE 21.907 PERCENT AGED 15-44 43.2966 DEPENDENCY RATIO 0.9373
 
EXP (8IRTH) 48.506 BIRTH - WOMAN RATIO 0.0944 CHILD - WOMAN RATIO 0.3627
 

STATISTICAL DESCRIPTION OF UAVERAGEU FAMILIES
 

PARENT'S CHILDREN SURVIVING AT AGES TOTAL LIVE TOTAL SURVIVAL 
COHORT 0 1 - 4 5  9 10 -14 15 - 19 20 - 24 25 - 29 30 + BIRTHS SURVIVORS RATE (11 

is - 19 0.10707 0.18424 0.0 0.0 0.0 0.0 0.0 0.0 0.34680 0.29131 83.99T738 
20  24 0.10795 0.37757 0.26131 0.0 0.0 0.0 0.0 0.0 0.94591 0.74683 79.95366 
25  29 0.09326 0.34681 0.47697 0.25430 0.0 0.0 0.0 0.0 1.53501 1.17135 76.30919 
30 - 34 0.07380 0.27976 0.51075 C.46547 0.24951 0.0 0.0 0.0 2.11848 1.57929 74.54829 
35  39 0.04798 0.19932 0.50752 0.49850 0.45666 0.24338 0.0 0.0 2.67396 1.95336 73.05110 
40 - 44 0.02687 0.12308 0.43253 0.49541 0.48906 0.44529 0.23590 0.0 3.13884 2.24813 71.62306 
45 - 49 0.00992 0.06202 0.30045 0.42240 0.48603 0.47687 0.43151 0.22744 3.44911 2.41664 70.06543 
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MORTALITY DECLINE3 FOR ALL AGES ; D.F.S. = 4.0 ; 90X EFFECTIVE CONTRACEPTION.
 

POPULATIONt BIRTHS, -AND DEATHS PROJECTED DATA YEAR 10
 

COHORT POPULATION X OF TOTAL CHANGE RATE * BIRTHS RATE * DEATHS RATE * 
( ) (2) 3) 14 ( 5) (63 ( 7 ) 1) 

TOTAL 12913780. 1C0000 359252. 2.8615 548483. 42.473 138213o 10o703
 

0 503206. 3a897 18779. 3.8764 0. 0.0 55735 119.760
 
1 444938. 39445 17350. 4.0576 0. 0.0 8159. 16337
 
2 417763. 3.235 16867. 4.2073 0. 0.0 4186. 10.020
 
3 394893. 3.058 16481. 4o3554 0. 0.0 2572. 6.513
 
4 374730o 2.902 16139a 4.5007 0. 0.0 1577. 4o209
 
5 356372. 2.760 15857. 4.6567 0* 0.0 894. 2o510
 
6 339162. 2.626 15670. 4.8442 0. 0.0 851. 2o510
 
7 322206. 2.495 15619. 5.0943 0. 0.0 809. 2,51C
 
8 305369. 2.365 -35595e -10.4395 0. 0.0 766. 2.510
 
9 339608. 2o630 -34676. -9.2646 0 0.0 852. 20510
 

I - 4 1632323a 12.640 66837o 4o2694 0. 000 16494. 10.104 
5 - 9 1662715o 12.876 -23125. -1.3717 0. 0.0 4173. 2.510 

10 - 14 1735113. 13.436 57633. 3.4357 0. 0.0 2759. 1.590 
15 - 19 1451794. 11*242 46109o 3.2802 170453. 117o408 3339o 2,300 
20 - 24 1211734. 9.383 38520. 3.2833 142738. 117.796 3732. 3.080 
25 - 29 1005657. 7.787 32233. 3.3113 103560 102.977 3640. 3.620 
30 - 34 830535. 6.431 26816o 3o3365 70023. 84.311 3438. 4.140 
35 - 39 682705. 5.287 22136. 3.3510 38688. 56.668 3311. 4.850 
40 - 44 558622. 4.326 18155. 3.3590 17799. 31.863 3179, 5.690 
45 - 49 454370a 3.518 14771. 3.3602 5222. 11.494 3271. 7e200 
50 - 54 365211. 2.828 11903. 3.3691 0. 0.0 3692. 10.110 
55 - 59 286713. 2.220 9469. 3.4154 0. 0.0 4309. 15.030 
60 - 64 215633. 1.670 7318. 3.5128 0. 0.0 5139o 23.930 
65 - 69 150723. 1*167 5323. 3*6609 0. 0.0 5881. 39.020 
70 - 74 93627. 0.725 3465. 3.8427 C. 0.0 6048. 64.600 
75 - 79 48534. 0.376 1899. 4.0714 0. 0.0 5106. 105.209 

80 + 24596o 00190 1011. 4.2885 0. 0.0 4968. 201o970 

PERCENT PER YEAR
 
* PER THOUSAND PER YEAR
 

AVERAGE AGE 22.329 PERCENT AGED 15-44 44.4566 DEPENDENCY RATIO 0.8860
 

EXP (BIRTH) 51.368 BIRTH - WOMAN RATIO 0.0955 CHILD - WOMAN RATIO 0.3720
 

STATISTICAL DESCRIPTION OF OAVERAGEN FAMILIES
 

PARENT'S CHILDREN SURVIVING AT AGES TOTAL LIVE TOTAL SURVIVAL 
COHORT 0 - 4 5 - 9 10 -14 15 - 19 20  24 25 - 29 30 + BIRTHS SURVIVORS RATE (1) 

15 - 19, Ol.0952 0.19070 0.0 0.0 0.0 0.0 0.0 0.0 0.34652 0.30022 96.63995 
20  24' 0,10989 0.39099 0.26832 0.0 0.0 0.0 0.0 0.0 0.93943 0.76919 81.9T860 
25 - 29 0.09606 0.36399 0.45633 0.25640 0.0 0.0 0.0 0.0 1.49133 1.17278 79e64017 
30  34 0.07865 0.30534 0.41423 0.46878 0.25058 0.0 0.0 0.0 1.99058 1.5175S 76.23785 
35  39 0.05286 0.22567 0.33295 0.50202 0.45855 0.24453 0.0 0.0 2,44971 1.81658 74.15490 
40 - 44 0.02972 0.13980 0.23335 0.49888 0.49108 O.44744 0.23729 0.0 2.87598 2.07756 72.23831 
&5 - 49 0:01072 0.06871 0914179 0942530 0,48804 0.47918 0.43412 0.22899 3o23397 2o27685 70.40416 
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90% EFFECTIVE CONTRACEPTION.
; DeF.S. = 4.0,ORTACITY DECLINES FOR ALL AGES 


YEAR 15

POPULATION, BIRTHS, AND DEATHS PROJECTED DATA 


RATE * BIRTHS RATE * DEATHS RATE ** 
COHORT POPULATION 1 OF TOTAL CHANGE 


( 5)1 6 ( 7T) ( s( I I ( 2 1 ( 3 ) (4) 


646228. 43.281 142520. 9.545

TOTAL 14930843. iCC.000 434186o 2.9951 


0O 0.0 56831. 94o893

0 598895. 4.011 20271. 3.5032 


0.0 7677. 14.412
0.
1 532656. 3.567 18270. 3.5517 

3962. 7.875


2 503102. 3.370 17471. 3o5976 0. 0.0 

0. 0.0 2450. 5.119
 

3 478693. 3.206 16839. 3.6460 

1513. 3.309
4 457565. 3.065 16314. 3.6972 0. 0.0 

884. 2.016


5 438623. 2.938 16786. 3.9791 0. 0.0 

C. 0.0 947o 2.016


6 420270. 2.815 16615. 4.1160 

811. 2.016


7 402150. 2.693 16386. 4.2477 0. 0.0 

C. 0.0 775o 2o016
 

8 384325. 2.574 16148. 4o3858 

0. 0.0 740. 2.016


9 366805. 2.457 15884. 4.5264 


0. 0.0 15603. 7.912
 
I - 4 1972014. 13.208 68893. 3.6200 


0. 0.0 4058. 2.016
 
5 - 9 2012177. 13.477 81818. 4.2385 


2155. 1.316

13 - 14 1636611. 10.961 -22694. -1.3677 0. 0.0 

3294. 1.924
200805. 117.325
15 - 19 1711523. 11.463 57127. 3.4530 

3.3027 166765. 117037 3701. 2.597


20 - 24 1424897. 9.543 45555o 

3604. 3.044
120406. 101o710
25 - 29 1183812. 7.929 37937. 3.3107 

3439. 3.512


34 979021. 6.557 31665. 3.3425 82457. 84e224 

4l178
30 -

5.396 26267. 3o3701 46949. 58.272 3366.

35 - 39 805672. 


3304. 5.009
3.3858 22269. 33o760 

6579. 12.259 3489. 6.501
40 - 44 659611o 4.418 21602. 


45 - 49 536661. 3.594 17619. 3.3946 

0 0.0 3983. 9e232


50 - 54 431495. 2.890 14193s 3.4C12 

4674. 13.T78
3o4247 0. 0.0
55 - 59 339261. 2.272 11234. 


0. 0.0 5633. 21o989
1.716 8653. 3.4956
60 - 64 256185. 

6559. 36.381


65 - 69 180300. 1.208 6311. 3.6273 0. 0.0 

6904. 61.079
 

70 - 74 113040. 0.757 4154. 3.8149 0. 0.0 

0. 0.0 5961. 100.666
C.397 2299. 4.0395
75 - 79 59213. 


0.C 5964. 195.630

80 + 30487. 0.204 1282. 4.3911 0. 

SPERCENT PER YEAR
 
PER THCLSAO PER YEAR
 

DEPENDENCY RATIO 0.8497
PERCENT AGED 15-44 45.3057
AVERAGE AGE 22.520 


CHILD - WOMAN RATIO 0.3801
BIRTH - WOMAN RATIO 0.0955
LXP (dIRTH) 52.604 


STATISTICAL DESCRIPTION OF "AVERAGE" FAMILIES
 

TOTAL LIVE TOTAL SURVIVAL
CHILDREN SURVIVING AT AGES
PAXLITtS 

25 - 29 30 + BIRTHS SURVIVORS RATE (M)
- 9 10 -14 15 - 19 20 - 24
COHORT 0 1- 4 5 


0.0 0.0 0.34596 0.30437 97.97950
 
15 - i9 0.11051 0.19336 G. 0.0 0.0 0.0 


0.0 0.93660 0.78598 83.91967
 
20 - 24 0.11024 0.39766 0.27809 C.0 0.0 0.0 0.0 


0.0 0.0 0.0 1.47926 1.20042 91.14975
 
25 - 29 0.09580 0.36802 (.47289 0.26371 0.0 


0.0 1.94745 1.52974 78.49933
 
- 34 0.07933 0.31231 0.43496 0.44918 0.25296 0.0 0.0
30 
 2.33247 1.77232 75o99456
0.46239 0.24598 00 0.0
15 - 39 0.054a9 a.23804 0.36324 C.40778 


1.95984 73.54399
0.45003 0.23888 0.0 2.66486

40 - 44 0.03180 0.15218 0.26400 0.32779 0.49516 


0.23086 2.97807 2.11972 71.17746
 
45 - 49 001155 U.0754C 0.161C 0.22980 09AQ207 0.48195 0.43709 
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4.0 ; 90% EFFECTIVE CONTRACEPTION.
MORTALITY DECLINES FUR ALL ACES ; O.F.S. = 


YEAR 20
POPULATION. BIRTHS, AND DEATHS PROJECTED DATA 

DEATHS RATE * 
COHORT POPULATION Z OF TOTAL CHANGE RATE * BIRTHS RATE ** 

( 5) ( 6 ) ( 7 ) ( 8)

(IL ) 2 ) ( 3 ) ( 4 


143361. 8o307
712071. 41.260

TOTAL 17258272. 100.000 483591. 2.8829 


54436. 81.300
0. 00
13971. 2.1309
0 669576. 3.880 

6849. 11.328
0. 0.0


1 604593. 3.503 12066. 2.0363 

0.0 3590. 6.190
1.9258 	 0.


2 580017. 3.361 10959. 

0. 0.0 2258. 4.023
 

3 561234. 3.252 12498. 2.2777 

0.0 1414. 2.600
391329 	 0.
4 543832. 3.151" 16520. 


849. 1.620
0. 0.0

5 524282. 3.038 18140. 3o5839 


0.0 	 817. 1.620
3.5977 	 0.
6 5C4355* 2.922 17515. 

0. 0.0 	 786. 1.620
 

7 48512C. 2.811 16990. 3.6294 

Coo 	 756. 1.620
 

8 466476. 2.703 16514. 3.6702 	 0. 

0. 0.0 	 726. 1.620
 

9 448373o 2.598 16072. 3.7177 


0. 0.0 	 14111. 6.163
52044. 2.3259
1 - 4 2289674o 13*267 
0. 0.0 3934. 1.620
 

5 - 9 2428604. 14.072 95230. 3.6371 

2160. 1.090
4.2546 0. 0.0 


189350. 117.207
10 - 14 1982057. 11.4e5 8C887o 

2601. 1.610
 

15 - 19 1615508. 9*361 -22037. -1.3457 

3682o 2.190
196111. 116.631
9.743 	 56423. 3.4721 


3*3259 140405. 100.739
20 - 24 1681471. 
 3568o 2.560
 
25 - 29 1393746. 8.076 44862. 


3439. 2.990
95895. 83.095

30 - 34 1154035. 6.687 37268. 3.3371 


3424o 3.600
55236. 58.074

35 - 39 951126. 5.511 31019. 3o3713 


4*410
3.4005 26900. 34.504 3438. 

40 - 44 779633. 4.517 25640. 


3*4176 8175o 12.880 3726e 5.870

3*678 20975.
45 - 49 634703. 


0.0 4304. 8.430
3.4319 	 0.
50 - 54 510607. 2.959 16942. 

5076. 12.630
0. 0.0


55 - 59 401870. 2.329 13410. 3.4521 

0.0 6174. 20.290
3o4986 	 0.


60 - 64 304272. 1.763 10286. 

7305. 33.920


1.248 7488. 3.6021 	 0. 0.0

65 - 69 215360. 


0. 0.0 7866. 57.750
4951. 3.7720
70 - 74 136208. 0.789 
6950. 96.319
0. O.0
0.418 2776. 	 4.0014
75 - 79 12160. 


O. 0.0 7168. 189.499
1591. 4.3906
80 + 37829. 0.219 


* PERCENT PER YEAR 
* PER THCUSAND PER YEAR 

DEPENDENCY RATIO 0o8918
PERCENT AGED 15-44 43.8949 


BIRTH - WOMAN RATIO 	 0.G940 

AVERAGE AGE 22.695 


CHILD - WOMAN RATIO 0.3906

EXP (BIRTH) 53.688 


STATISTICAL DESCRIPTION OF "AVERAGE" FAMILIES
 

TOTAL SURVIVAL
TOTAL LIVE
CHILDREN SURVIVING AT 	AGES
PARENTIS 	 30 * BIRTHS SURVIVORS RATE (I)19 20 - 24 25 - 29
1 - 4 5 - 9 10 -14 15 -
COHORT 0 


0.34985 0.31077 88.82947
0.0 0.0 0.0 

15 - 19 0.11132 	 0.19945 0.0 0.0 0.0 


0.0 0.0 0.93465 0.79510 85.06932

0.0 0.0 0.0
20 - 24 0.11078 	 0.40158 0.28275 


1.47183 I21929 92o94134
0.0 0.0 0.0 

25 - 29 0.09568 0.36935 0.48070 0.27356 0.0 	

00 0.0 1.92940 1.55666 80.69102
0.26036 0.0
30 - 34 0.07892 	 0.31193 C.43958 0.46586 

2.28835 1.78722 78.10101
0.24855 0.0 0.0 


39 0.05516 0.24C22 0.37137 0.42854 0.44338
35 -	 1.92396 75.37082
0.40252 0.45424 C.24058 0.0 2.55266 

40 - 44 0.03277 0.15764 0.27830 0.35790 	

2.77239 2.01082 72.53003
0.48643 0o44016 0.23273 

45 - 49 0.01223 	 O.C8035 0.17513 0.26019 0.32358 
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MORTALITY DECLINES FOR ALL AGES ; O.F.S. = 4.0 ; 90X EFFECTIVE CONTRACEPTION. 

POPULATION, BIRTHS, AND DEATHS PROJECTED DATA YEAR 30
 

COHORT POPULATION Z OF TOTAL CHANGE RATE * BIRTHS RATE ** DEATHS RATE 0* 
(1) (2) (3 ( 4 (5) (6)1 7) 91
 

TOTAL 226986720 100.000 607152. 2.7483 911507. 40.157 190842. 8.408
 

0 853686. 3.761 23538. 2.8354 00 000 69404. 81.300
 
1 765556e 3.373 20624. 2o7685 
 0. 0.0 8672. 110328
 
2 729203. 3.213 19118. 2.6924 C. 0.0 4514.o 6.190
 
3 700322. 3.085 17869. 2.6184 0. C0 2818. 4.023
 
4 676355. 20980 16820. 2.5503 0. 0.0 1758. 2o600
 
5 655745. 2e889 15720. 2.4562 - 0. Co0 1062. 1.620
 
6 637764. 2.810 14527. 2.3308 0. 0.0 1033. 1.62c
 
7 621036. 20736 13327. 2.1929 0. 0.0 1006. !.620
 
8 605563. 2.668 12426. 2.0950 00 000 981. 1.620
 
9 591042. 2.604 11889. 2.0529 0. 0.0 957. 10620
 

I - 4 2871435. 129650 74431. 2o6611 00 0.0 17762. 6.196
 
5 - 9 3111147. 13.706 67889. 2.2308 C. 000 5040. 1.620
 

10 - 14 2759634. 12.158 61753. 2.2889 0. 0.0 3008s 10990
 
15 - 19 2362864. 10.410 82924. 3.6371 277065. 117.258 3804. 10610
 
20 - 24 1923385. 8.474 78484o 4.2541 223926. 116.423 4212. 2.190
 
25 - 29 1553530. 6.844 -20950. -1.3306 155225. 99.917 3977e 2o560
 
30 - 34 1604796e 7.070 53852. 3.4722 131549. 81.972 4782. 2o990
 
35 - 39 1321316. 50821 42529. 3.3257 75212. 56.922 4757. 3.600
 
40 - 44 1086110. 4.785 35073. 3.3370 36940. 34.011 4790. 4.410
 
45 - 49 886661. 3.906 28915. 3o3711 11590. 13.071 5205o 5.870
 
50 - 54 
 714682a 3.149 23501. 3e4001 00 000 6025. 8.430
 
55 - 59 563321. 2.482 18612. 3.4168 0. 000 7115. 12.630
 
60 - 64 427450o 1.883 14178. 3.4305 0. 000 8673. 20.290
 
65 - 69 303955o 1.339 10136. 394496 
 0. 000 10310. 33.920 
70 - 74 194091. 0.855 6552. 3.4939 0. 000 11209. 57.750 
75 - 79 104459. 0.460 3623. 3.5927 0. 0.0 1C061. 96.319 

80 + 
 56527. 0.249 2095. 3.8491 00 0.0 1071!. 189.489 

* PERCENT PER YEAR
 
** PER THCUSAND PER YEAR 
AVERAGE AGE 23.188 PERCENT AGED 15-44 43.4034 OEPENDENCY RATIO 0.8889 

EXP (BIRTH) 53.688 BIRTH - WHMAN RATIO 0.0925 CHILD - WOMAN RATIO 0.3781
 

STATISTICAL DESCRIPTION OF "AVERAGE" FAMILIES
 

PARENTIS CHILDREN SURVIVING AT AGES TOTAL LIVE TOTAL SURVIVAL 
COHORT 0 - 4 5 - 9 10 -14 15 - 19 20 - 24 25 - 29 30 + BIRTHS SURVIVORS RATE () 

15 - 19 0.11137 0.19640 0.0 000 0.0 000 000 0.0 0.34544 0.30777 89.09607" 
20  24 0.11058 0*40280 0.28525 0.0 000 000 000 000 0.93188 0.79963 S5.70C64 
25  29 0.09490 0.36826 0.48645 028464 000 0.0 0.0 0.0 1.46864 1.23425 94.03976 
30  34 0.07786 0.30893 0.44081 0.47839 0.27477 0.0 000 000 1.91112 1.58076 92.71355 
35  39 0.05407 0.23621 0.36883 0.43483 0.46771 0.26553 00 000 2.25126 1.32716 81.t6168 
40  44 003230 0.15588 0.27837 0.36567 0.42774 0.45201 0.25040 0.0 2.48258 1.96237 79004561 
45  49 001242 008175 0.18135 0.27693 0.36141 0.41581 0.42636 0.23704 2.61650 1.99308 76.17342 
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MORTALITY DECLINES FOR ALL AGES ; D.F.S. - 4.0 ; 902 EFFECTIVE CONTRACEPTION. 

POPULATION, BIRTHS, AND DEATHS PROJECTED CATA YEAR 40
 

DEATHS 

(13 ZI ( 3) (4) 15) (6) (7) (8)
 

COHORT POPULATION 9 OF TOTAL CHANGE RATE * BIRTHS RATE D RATE ** 

TOTAL 29755056. 100.000 789168. 2.7245 1193792. 40.121 256181. 8.610
 

0 1119648e 3e763 28280. 295912 0. 0.0 91027. 81.300
 
1 1006450e 3e382 25836. 2e6347 0. 000 11401. 11.329
 
2 959909. 3&226 25159. 2e6915 0. 0.0 5942a 69190
 
3 921898. 3.098 24421. 2e7210 0. 0.0 3709. 4.023
 
4 889458. 2.989 23491. 2.7127 0. 0.0 2312. 2e600
 
5 860991. 2.894 22900. 2.7323 0. 0.0 1395. 1.620
 
6 835131. 2.807 22637. 2.7861 0. 0.0 1353. 1.620
 
7 809625. 2*721 22411. 2.8468 0. 0.0 1312e 10620
 
8 784434. 2.636 22041. 2e8910 0. 0.0 1271o 1.620
 
9 759701. 2.553 21301. 2.8847 0. 0.0 1231. 1.620
 

1 - 4 3777714, 12.696 98908. 2.6886 0 0.0 23364. 6o185
 
5 - 9 4049878. 13.611 111287. 2e8256 0. 0.0 6561o 1.620 

10 - 14 3472586, 119671 91200. 2e6971 0. 0.0 3785. 1.090 
15 - 19 3026971, 10*173 66047. 2e2306 354818s 117e219 4873. 1.610 
20 - 24 2677736. 8.999 59897. 2e2880 311294. 116.252 5864. 2.190 
25 - 29 2272360, 7o637 79747a 3.6371 227278. 100.018 5817. 2.550 
30 - 34 1835712e 6.169 74901. 4.2538 150255. 816851 5470. 2.980 
35 - 39 1472734. 4e950 -19678o -1.3185 83392. 56.624 5302. 3e600 
40 - 44 1510348, 5076 50686. 3s4724 50895. 33.698 6661. 4*410 
45 - 49 1231758. 4e140 39644e 3e3255 15868. 12e882 7230o 5.87C 
50 - 54 995622. 3.346 32146e 3.3365 0. 0.0 8393. 8.430 
55 - 59 786936a 2e645 25657. 3.3702 0. 0.0 9939. 12.630 
60 - 64 598286e 2.011 19665. 3.3987 0. 0.0 12139. 20e290 
65 - 69 426062. 19432 14068. 3.4145 0. 0.0 14452. 33.920 
70 - 74 272650. 0.916 9033. 3.4267 0. 0.0 15745. 57.750 
75 - 79 147403. 0.495 4907. 3.4435 0. 0.0 14198o 96.319 

80 * 81072e 0.272 2765. 3.5314 0. 0.0 15362. 189.489 

* PERCENT PER YEAR 
** PER THOUSAND PER YEAR 

AVERAGE AGE 23e462 PERCENT AGED 15-44 43.0040 DEPENDENCY RATIO 0.8820
 
EXP (BIRTH) 53.688 BIRTH - WOMAN RATIO 0.0933 CHILD - WOMAN RATIO 0.3827
 

N

STATISTICAL DESCRIPTION OF NAVERAGE FAMILIES
 

PARENTGS CHILDREN SURVIVING AT AGES : TOTAL LIVE TOTAL SURVIVAL 
COHORT 0 1 - 4 5 - 9 10 -14 15  19 20 - 24 25 - 29 30 + BIRTHS SURVIVORS RATE (1) 

15 - 19 0*11134 0.19904 0.0 0.0 0.0 0.0 0.0 00 0.34849 0.31037 89.06201 

20 - 24 0.11042 0.40285 0.28921 OG 0.0 0.0 0.0 0.0 0.93657 0.80248 85e69271 
25  29 0.09500 0.36853 0.48644 0.28175 0.0 0.0 0.0 0.0 1.46464 1.23171 84o.C630 

30  34 000774 0.30846 0.43996 0.47939 0.27720 0.0 0.0 0.0 1e90665 1.58276 83o01247 

35 - 39 0.05378 0.23439 0.36605 0.43313 0.47331 0.27626 0.0 000 2o24227 1.83692 81.92227 

40  44 0.03201 0.15440 0.27510 0.36190 0.42895 0.46416 0.26425 0.0 2.45832 1.98076 80.57365 

45  49 0.01224 0,08049 0.17810 0,27217 0.35893 0.42190 0.44974 0.25324 2.57382 2.02681 78.74702 
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MORTALITY DECLINES FOR ALL AGES ; O.F.S. 
= 4.0 ; 90% EFFECTIVE CONTRACEPTION.
 

POPULATION, BIRTHS. AND DEATHS PROJECTED CATA 
 YEAR 50
 

CUHORT POPULATICN X OF TOTAL CHANGE 
 RATE * BIRTHS D RATE **RATE DEATHS 

(1) ( 2 ) 
 ( 3 1 (4) ( 5I (6) 1 7 ) (8)
 

TOTAL 38834224. 1OC.000 1015792. 
 2.6860 1551440. 39.950 340443. 8.767
 

0 1454363. 3.745 380C9. 2.6836 
 0. 0.0 118239. 81.300

1 1306149. 3.3o3 34301. 2.6969 
 0. 0.0 14796. 11.329
2 1244993. 3.206 32829. 2.7083 0. 0.0 
 ?706a 6.190

3 1195491. 3.078 31273. 2.6862 
 C. 0.0 4810. 4.023

4 1153822. 2.971 29561. 2.6294 
 0. 0.0 3000. 2.600

5 1117800. 2.878 25389. 2.6059 o 0.0 
 1811. 1.620

6 1085563. 2.795 27715. 2.6199 
 0. 0.0 1759. 1.620

7 IC54111. 2.714 27134. 2.6421 
 0. 0.0 1708. 1.620
 
8 1023350. 2.635 26272. 2.6349 
 0. 0.0 1658. 1.620
 
9 993557. 2.558 25113. 2.5931 
 0. 0.0 1610. !.620
 

1 - 4 4900462. 12.619 127964. 2.6813 
 0. c.o 30312. 6.185
5 - 9 5274381. 13.582 134623. 2.6192 0. 0.0 
 8544' 1.620

LO - 14 4565613. 11.757 118660. 2.6683 g. 0.0 4977. 1.090

15 - 19 3940286. 10.146 10828C. 
 2.8257 461940. 117.235 6344. 1.610
20 - 24 3369612. 8.677 
 88503. 2.6973 391906. 116.306 7379. 2.190

25 - 29 2910902. 7.496 
 63526. 2.2310 290862. 99.922 7452. 2.560

30 - 34 2555542. 6.581 57150. 2.2875 
 208930. 81.756 7615. 
 2.980

35 - 39 2154290. 5.547 75601. 3.6370 
 122033. 56.646 7755. 
 3.600
40 - 44 1727712. 4.449 70467. 4.2533 58153. 33.659 7619. 4.410
45 - 49 1372816. 3.535 -18054. -1.2980 17625. 12.839 
 8058. 5.870

50 - 54 1384534. 3.565 46471. 3.4730 0. 0.0 11672. 
 8.430

5 - 59 1093212. 2.815 35178. 3.3248 
 0. 0.0 13907. 12.630
60 - 64 833454. 2.146 26898. 3.3350 0. 0.0 
 16911. 20.290
 
65 - 69 555177. 1.533 19391. 3.3677 0. 
 0.0 20188. 33.920

70 - 74 381607. 0.983 1252q. 3.3946 G. 0.0 
 22038. 57.750
75 - 79 206609. 0.542 6811. 3.4C87 
 0. 0.0 19900. 96.319
80 * 114172. 0.294 3786. 3.4297 0. 0.0 21634. 189.489
 

PERCENT PER YEAR
 
* PER THCLSAND PER YEAR 

AVERAGE AGE 23.618 PEPCENT AGED 15-44 42.8960 DEPENDENCY RATIO 0.8935
 
EXP (eIRTH) 53.688 BIRTH -
 WOMAN RATIO 0.0931 CHILD - WOMAN RATIO 0.3815
 

STATISTICAL DESCRIPTION OF "AVERAGE" FAMILIES
 

PARENT*S 
 CHILDREN SURVIVING AT AGES 
 TOTAL LIVE TOTAL SURVIVAL

COHORT 0 
 1 - 4 5 - 9 LO -14 15 - 19 20  24 25 - 29 30 + BIRTHS SURVIVORS RATE (1)
 

15 - 19 0.11135 C.19797 o.C 0.0 
 0.0 0.0 0.0 0.0 0.34726 0.30932 99.07607
 
20 - 24 0.11047 0.43283 0.28797 
 0.0 0.0 0.0 0.0 0.0 0.93510 0.80127 95.6892025 - 29 0.09491 0.36825 0.48638 0.28423 0.0 
 0.0 0.0 0.0 1.46720 1.23376 84.08969
30 - 34 0.07765 0.3C794 0.43941 3.47931 0.28105 0.0 0.0 
 0.0 1.90996 1.59535 83.00456

35 - 39 0.05380 0.23506 0.36646 0.43347 0.47329 0.27347 0.0 
 0.0 2.23959 1.83556 81.95959
4Q - 44 0.03197 0.15447 0.27494 G.36135 0.42812 
 0.46513 0.26659 0.0 2.45370 
 1.98257 90.79901

45 - 49 0.01219 0.C7968 0.17680 0.27018 0.35623 
 0.42026 0.45512 0.26346 2.56225 2.03392 79.38020
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MOkTALITY CECLINES FOR ALL AGES ; D.F.S. = 4.0 ; 90% EFFECTIVE CONTRACEPTION.
 

POPULATICN, BIRTHS, AND DEATHS PROJECTED CATA YEAR 75
 

CUHORT POPULATION XOF TUTAL CHANGE RATE * BIRTHS RATE ** DEATHS RATE ** 

(1) (2) (3) (4) (5) (6) (7) (9)
 

TUTAL 75082432. 100.0Co 1953232. 2.6709 3001026o 39.970 669705. 8.906
 

0. 0.0 228714. 91.300
 

1 2526638. 3.365 65952e 2o6802 0. 0.0 286210 11.328
 

2 24C8729o 3.2C8 62889. 2.6809 


0 2813221* 3.747 73401. 2.6790 


0. 0.0 14910. 6.190
 

3 2313587. 3.081 60409. 2.6811 0. 0.0 9309. 
 4.023
 

4 2233044. 2.974 58298o 2.6807 0. 0.0 
 58050 2,600
 
5 2162249s 2s88C 56422. 2e6793 c. 0.0 3503. 1.620
 
6 2098389. 2.795 54692. 2.6761 0. 0.0 33999 1.620
 
7 2036479. 2.712 52S77, 2.6709 0. 0.0 3299. 1.620
 
8 1976496. 2.632 513039 2.6648 0. 0.0 
 3202. 1.620
 

9 1918393. 2.555 49727. 2.6611 
 0. 0.0 3108. 1.620
 

1 - 4 9481998. 12o629 247548. 2.6807 0o 0.0 58645o 6.185
 

5 - 9 10192006. 13.574 265121. 2.6707 0. 0.0 16511. 
 1.620 
10 - 14 3806293. 11.729 227614. 2o6533 0. 0.0 9599. 10090 
15 - 19 7627684. 10.159 197948" 2.6643 894198. 117.231 12281. 1.610 
2C - 24 6567145. 8.747 172808. 2.7025 763786. 116.304 14382. 2*190
 

25 - 29 5625103a 7.492 146904o 2.6816 562241. 99.952 14400. 2o560
 

30 - 34 4813091. 6.410 122840. 2.6190 393620. 81.781 14343. 2.980
 
35 - 39 4109794. 5.474 106802. 2o6681 232736. 56.630 14795. 3.600
 

40 - 44 3478147. 4.632 9557C. 2o8254 117052. 33.653 15339. 4,410
 
45 - 49 2913966. 30381 76554. 2.6980 37407. 12.837 !7105. 5.970
 
50 - 54 2449015. 3.262 5348C, 292325 0. 0.0 20645. 8.430
 

55 - 59 2054650. 2o737 45848. 292824 0. 0.0 
 25950. 12.630
 

60 - 64 1600838. 2.132 56158. 
 3.6356 0. 0.0 32481. 20.290
 

65 - 69 1117288. 1.488 45483. 4.2436 0. Coo 37898. 33.920
 

70 - 74 69658?. 0.928 -5235. -0.7459 
 O. 0.0 40228. 57o750
 

75 - 79 473448. 0.631 15949. 3.4862 0. 0.0 45602. 96o319
 

80 + 262762. C.350 8437. 3.3175 
 O 0.0 49790. 189.459
 

* PERCENT PEk YEAR 
* PER THCLSAND PER YEAR 

AVEkAGE AGE 23.630 PERCENT AGED 15-44 42.9139 DEPENDENCY RATIO 0,8942 

EXP (BIRTH) 53.688 BIRTH - WOMAN RATIO 0.0931 CHILD - WOMAN RATIO 0,3816
 

STATISTICAL DESCRIPTION OF "AVERAGE" FAMILIES
 

PARENT'S CHILDREN SURVIVING AT AGES TOTAL LIVE TOTAL SURVIVAL 

COHORT 0 1  4 5 - 9 10 -14 15 - 19 20 - 24 25 - 29 30 + BIRTHS SURVIVORS RATE (M) 

15  19 0911135 0.19827 0.0 C.0 0.0 0.0 0.0 0.0 0.34760 0.30961 89.07219 

20  24 
25+- 29 
30  34 
35 - 39 

0.11047 
0.09494 
0.07768 
0.05379 

0.40283 
0.36833 
0.30808 
0.23469 

0.28801 
0.48640 
0.43955 
0.36620 

1.0 
0.28345 
0.47933 
0.43322 

0.0 
0.0 
0.28004 
0.47325 

0.0 
0.0 
0.0 
0.27518 

0.0 
0.0 
0.0 
0.0 

0.0 
0.0 
0.0 
00 

0.93515 
1.46639 
1.90909 
2.24064 

0.80131 
1. 3311 
1.$8467 
1.83633 

95.68803 
84*09175 
83.00662 
S1.95576 

40- 44 0.03196 0915396 0.27441 0.36098 0.42777 0.46507 0.26898 0.0 2.45460 1.98314 80.19271 

45 - 49 0.01219 0.08002 0.17714 0.27050 0.35639 0.42036 0.45508 0.26232 2.56137 2.03400 79o41080 
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MORTALITY DECLINES FOR ALL AGES ; O.F.S. - 4.0 ; 9O EFFECTIVE CONTRACEPTION.
 

PUPULATION, BIRTHS@ AND DEATHS PROJECTED DATA YEAR 100
 

COHORT POPULATION Z OF TOTAL CHANGE RATE * BIRTHS RATE ** DEATHS RATE *0 

(I I5 (2 3) 3 (4 (£5) ( 6 (7 (81 

TOTAL 145159584. 100.000 37758C8. 2.6706 5800125. 39.957 1291294. 8.896
 

0 5437349. 3.746 -141454. 2.6710 0. 0.0 442054. 81.300
 

1 4213828. 3.364 127067. 2.6713 
 0. 0.0 55322. 11.328
 
2 465632t. 3.208 121369. 2.6718 C. 0.0 28822. 6.190
 
3 4472802. 3.081 116411. 2.6722 0. 0.0 17996. 4.023
 
4 4317464. 2.974 112377. 2.6724 0. 0.0 11224. 2.600
 
5 4180923. 2.880 108825. 2.6725 0. 0.0 6773. 
 1.620
 

6 4057716. 2.795 105621. 2.6725 0. 0.0 6573. 1.620
 

7 3938136. 2.713 102510. 2.6726 
 0. 0.0 6350. 1.620
 

8 3822079. 2.633 99491. 2.6726 0. C.0 6192. 1.620
 
9 3709440. 2.555 96544. 2.6722 0. 0.0 6009. 1.620
 

1 - 4 18330416. 12.628 477024. 2.6719 0. 0.0 113365. 6.185
 
5 - 9 19708288. 13.577 512992. 2.6725 0. 0.0 31927. 1.620
 
10 - 14 17021600. 11.726 442649. 2.6699 0. 0.0 18553. 1.090
 
15 - 19 14733016. 10.150 382789. 2.6675 1727161. 117.231 23720. 1.610
 
20 - 24 12692363. 8.744 330400. 2.6727 1476137. 116.301 27796. 2.190
 

25 - 29 10883493. 7.498 284100. 2.6803 1087816. 99.951 27862. 
 2.560
 
30 - 34 9300616. 6.407 241939. 2.67C8 760634. le783 27716. 2.980
 
35 - 39 7927040. 5.461 204888. 2.6532 448905. 56.630 28537. 3.600
 
40 - 44 6732938. 4.638 174725. 2.6642 226583. 33.653 29692. 4.410
 

33336. 5.870 Li
45 - 49 5679060. 3.912 149441. 2.7026 72903. 12.937 


50 - 54 4732786. 3.260 123599. 2.6816 0. 0.0 39897. 8.430
 
55 - 59 3870211. 2.666 98776. 2.6191 0. 0.0 48881. 12.630
 
60 - 64 3052788. 2.103 
 79295. 2.6667 0. 0.0 61941. 20.290
 

65 - 69 2247094. 1.548 61679. 2.8223 0. 0.0 76221. 33.920
 
70 - 74 1480291. 1.020 39014. 
 2.7069 0. 0.0 85486. 57.750
 
75 - 79 835521. 0.576 18416. 2.2538 0. 0.0 80477. 96.319
 

80 + 495217. 0.341 12572. 2.6049 
 0. 0.0 93838. 189.489
 

* PERCENT PER YEAR 
** PER THOLSAND PER YEAR 

AVERAGE AGE 23.639 PERCENT AGED 15-44 42.8971 DEPENDENCY RATIO 0.8962
 
EXP (BIRTH) 53.688 BIRTH - WOMAN RATIO 0.0931 CHILD - WOMAN RATIO 0.3817
 

STATISTICAL DESCRIPTION OF NAVERAGEU FAMILIES
 

PARENTIS CHILCREN SURVIVING AT AGES TOTAL LIVE TOTAL SURVIVAL 

COHORT 0 1 - 4 5 - 9 10 -14 15 - 19 20 - 24 25  29 30 + BIRTHS SURVIVORS RATE (1) 

15  19 0.11135 0.19826 0.0 0.0 0.0 0.0 0.0 00 0.34759 0.30960 89.07225 

20  24 0.11046 0.40283 0.28808 0.0 0.0 0.0 0.0 0.0 0.93523 0.80138 95.68771 

25  29 0.09493 0.36833 0.48640 0.28347 0.0 0.0 0.0 0.0 1.46642 1.23314 84.09169 

30 - 34 0.07768 0.30809 0.43956 0.47933 0.27995 0.0 0.0 0.0 1.90901 1.58461 83.0C681 

35  39 0.05379 0.23468 0.36620 0.43322 0.47325 C.27519 0.0 0.0 2.24064 1.83633 91.95576 

40  44 0.03196 0.15391 0.27435 0.36093 0.42773 0.465C7 0.26925 0.0 2.45470 1.98320 80.79204 

45 - 49 0.01219 0.08001 0.17713 0.27049 0.35639 0.42036 0.45508 0.26236 2.56137 2.03400 79.41064 
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Appendix C 

F~ILySIZE~ESTI1ATION.-r FO DTRBIOS 

The aiple problei included in Appendix B assumes that fertility 

4i6 fitid tio surviving famiiy size. The actual projection program, 

hwdv supiies only the mean family size and not the distribution 

*fifiily sizes. in order to use such a fertility function it is
 

hicessary to estimate the distribution of family sizes, given the age 

of the mother and the mean number of children. Such a distribution 

was estimated using two sets of age-specific data for East Pakistan
1 

and the United States.2 A truncated normal distribution, defined by 

Pkob(* < 0 f a)2 0 

Poobo( Ikp, 02) J i (tU 2 2d2 dt e'(t'U) 2 dt, X > 0 

gOiiiatk the distibditid of family sizes. This distribution 

aiioaw the iple6te distributibn of family sizes to be sunuari-ed by
 
2


SOaiieers, p and o. These parameters were estimated by maximum 

liklihbod inig -a dification of the DaVidon algorithm3 to maximize 

ihi ifkelihood function with respect tn p and 62 Once these parameters 

wee obtained for each of the 14 populations (seven age gkroups for each 

iEt of c1ta), a simple linear model was used to relate V and d2 to the 

iiafiiis' i age and the average family siz-e. Me ordinary least squares
 

etiites of ihis relationship were as follows: 

A2 
- 37317 - .01433 AGE + i.276 AAR ,994i 

2b;S Bureau of the Censusi 1964'; Thbie 2iO 6i
 

3§iDavidon, 1959; Fletchetyaid PWi;l 163; ifid §tWvrtj 0196 
foi thb actual technique used. Th resuit di Ritkiii this iif.i tion
 
to th knownh family size'diitibitidn aifre'ihown;;ifig- C4 Md-ii; 
C2.
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o2 
- .5490 + .1282 AGE + .2589 MEAN R- .910,

(4.53) (3.62) (4.03)
 

where AGE is the mothers' age in years, MEAN is the mean number of
 
children, and the numbers In parentheses beneath the coefficients are 
t-ratios (d.f. - 11). Using this relationship, the values of p and 
a can then be estimated from the mothers' age and the mean number of 
children, and with p and a2 any portion of the family size distribu
tion can be estimated.
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Appendix D
 

COMPLETE PRINTOUT OF SOURCE DECK OF POPULATION PROJECTION PROGRAM
 



C 
C 

C 
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DIMENSION POP(28l),tbIRTHS(281),DEATHS(2,81),ASFR(2,81), 
1 AS3MRi2,81)FAMILY(35,36)tIPT(20),TITLE(20)tIYEAR(10) 

CUMMUN P0Pv IRTHS9DEATHSASFRpASMRFAMILY#ITIMEPAZEROtAONE Rt 
I IjPT 
IPAGE = 0 
rC TO 902 

900 WkITL(6,901) IERR 
901 FCR.4AT(13HCERROR NUMBER,13T27H CAUSED TERMINATION OF RUN.) 

CALL EXIT 
903 WRITE(60905) 
905 FUR4AT ('' ) 

DO 	907 1 = 1960
 
READ(4,904) TITLEIOPT
 

904 FORMAT(40A3l
 
9U7 WRITE(6,906) TITLEIUPT
 
906 FORMAT(IXt40A3)
 

CALL EXIT
 
902 	CONTINUE 

DO 32 11 = 1,35 
00 32 12 = 136 

32 	FAMILY(Ii,12) = 0.0
 
00 641 11 = 1,81
 
DO 641 12 = 192
 
ASMR(12911) = 0.0
 
ASFR(12,11) = 0.0
 
BIRTHS(12tII) = 0.0
 
DEATHS(12#11) = 0.0
 

641 	POP(12,I1) = 0.0 

THE FOLLOWING SECTION READS THE CONTROL DATA FOR THE PROGRAM
 

IERR = I 
READI5,100,ENU=903,ERR=90O) TITLE, IBASENDIND2,N03,ND4,IOPTRI 
$ AZEROtAONE 

100 	FORMAT(2OA4/l4,6X,412,2X,20IEl OXF10,O2(5XtF5,0)I 
R = 1.0 + 0.001 * R 
IF(NDILEO.OR.NDI.EQ.4,ORNDl.EQ.6.0RNDLGT99) ND1 = 5 

'
 IF(ND2,LE.OORND2,EQ,4oOR.ND2.EQ.6.OR.ND2.GT,99) ND2 = NDI 
IF(ND3oLEOORoNO3,EQ.4.URND3.EQ°6-OR.ND3°GT,99J ND3 = NDI 
IFIND4oLEoOoORoND4.EQ.4.ORND4,EQ.6bORND4eGT, 99) ND4 = NDI 
IYMAX = -10000 
IERR 3 
II = -19 

1 11 = II + 20
 
12 = 11 + 19
 
READI591OiERR=900) (IYEAR(I),1-ILe12)
 

101 	FORMAT(2014) 
D 2 13 = 11,12 
IMAX = 13 
IFIIYEAR(13),GT*IYMAX) IYMAX = IYEAR1131 



C
 
C 

C 

C 
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IF(IYEAR(13).LE9IBASE) GO TO 3
 

2 CGNTINUE
 
GO TO IIF(I2.LTlO0) 

3 CONTINUE
 
IERR = 2 
IF(IYMAXeLEIolASE) GO TU 900 
IMAX = IMAX - I 
lB = [BASE + I 
IERR = 4 
IF(IOPTITI.EQ.O) GO TO 601 GO TO 900 
IFAZEROGT.oOR.ALERO.LToOUR.AONEoGToIhURuAUNEeLToO) 

INITIAL DATA FOR POPULATION,
THE 	FOLLOWING SECTION READS THE 

AND MORTALITY RATES
FERTILITY RATES. 


601 	[ERR = 6 =900) POP(ltl),POP(lt2)2(PUP(|1I)IF(IOPT(I).EQ.O) REA D (NDI,300tERR


ll[=6t8lt5)
 =
tERR 900) (POP(lII)l=lj5ht(POP(ltl)q
IF(IOPT(I).EQ.1) REAC(ND1,300

I I=6#8195) 
IF(IOPT(IIEQ*2) PEAD(NDI300tERR=90

0 ) (PCP(ll)tl=lvlO)b(PP(ltI)
 

101=1l,815)
 900) (POP(Il,[=18l
IFIIUPT(1) GE.3) REAU(ND1#300ERR=
300 FOHMAT(8FI.0)l 

NFI = 16 
NF2 = 5 
NF3 = 46 
IF(IOPT(2).EQ*OI GU TO 602 
IERR = 7 

0 ) NFINF2vNF3
READ(HD23019ERR=90

301 	FORMAT(312) 

NFl = NF1 + 1 
NF3 = NF3 + 1 
[ERR = 5 
IF(NFI.LE..OReRNF2oLE*OOORNF3oLE*NFI) GO TO 900 

NNN = NF3 - NFI 
IF(NNN.NEo(NNN/NF2)*NF2) Gd TU 900 

602 	IERR = 7
 NF )Z
900) (ASFR(LtI)I=NFltNF39
READ(ND2v300ERR=

[ERR = 8
 

9C0 ) ASMR(191)iASMR(1t2)9
IF(IOPT(3),EQ.G) REA0(N03v300ERR
=
 

5)
I (ASMR(II)tI=6v8l tERR=900) (ASMR(1911lI1,5)t
IF(IUPT(3)oEQol) REAr(ND3,30
0
 

I (ASMR(1t), I=b t81 tS)
 
REACND3t300ERR=900) (AS(4R(,tI).=ll0),
IF(IOPT(3.EQ.21 


5)
I (ASiR(tIl)t I1=lt81 

IFI[OPT(31.GE.3) READ(ND3v300ERR=900) (ASMRI19I )l=,181) 

[ERR = 9 
900) ((FAMILY(I#J)tI1.35)tJ=lt
IF(IOPTI4).GEol) READ(ND43U0ERR= 

1 36)
 

http:IF(IOPT(3.EQ.21
http:IF(NFI.LE
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C
 
C THE FOLLOWING SECTION TRANSFORMS THE INITIAL DATA INTO THE FORM
 
C USED INTERNALLY BY THE PROGRAM
 
C
 

IF(NF2oEQoll GO TO 603
 
NNN = NF2 - I
 
DO 604 I - NFL#NF39tIF2
 
12 II + 1
 
13 = II + NNN
 
DO 604 14 12913
 

604 ASFR(114) = ASFRIIlI)
 
603 IF(IOPT(31*GE*I) GO TO 605
 

ASMRil(3J = ASMR(1#2)
 
ASMR(1I4) - ASMR(1t3) * 0.65
 
ASMR(1951 = ASMR(I,3) * 0.42
 
ASMR(12) = ASMRIL,2) * 1.83
 

b05 	IF(IOPT(3l.GE.2) GO TO 606
 
ASMR(lv 71 a ASMR(1#6)
 
ASMR(lo 8) = ASMR(Iv6)
 
ASMR(It 9). z ASMR(It61
 
ASMR(110) = ASMR(196)
 

606 	IF(IUPT(3),GE.3) GO TO 607
 
OC 608 11 = 11#765
 
12 =11 + 1
 
13 = I1 + 4
 
DO 608 14 - 12.13
 

608 	ASMR(114) - ASMR(oIll)
 
607 	IF(IOPT(7).GE.1) GU TO 609
 

AZERO = 0.35
 
ACNE a 0.42
 

609 DO 46 11 - 1t81
 
ASFR(III) - 0.001 * ASFR(IlI)
 
ASMRCIlI) = 0.001 * ASMREI#I)'
 
ASFR(2i11) = ASFR(I111)
 
ASMR(2,11) - ASMRllt11)
 

46 CONTINUE
 
C
 
C THE FOLLOWING SECTION DISTRIBUTES THE.POPULATION WITHIN COHORTS
 
C IF THE INITIAL POPULATION IS GROUPED INTO MULTIPLE - AGE COHORTS
 
C
 

IF(IOPT(L)oGEo3) GO TO 610
 
IR a 0
 
IF(IOPT19).GE*1) GO TO 611
 
IR = 2
 
R a 100
 

611 	IFIIOPT(Ii)GEI) GO TO 701
 
XO = R*R*R + R*R*TRANS121 + R*TRANS(2)*TRANS(3) +
 
1 TRANS(2)*TRANS131*TRANS(4)
 
TPOP = POP(l,2)+POP(It3)+POP(lt4)+POP(1,5)
 
POPE 1,2lnTPOP*R*R*R/XO
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POP(1931 = POP(lv2) * TRANS(2)I R
 
pop{Il4 = POP(1,3) * TRANS(3) / R
 
POPIi,51 = POP(It4) * TRANS(4) / R
 

701 	11 = 6
 
IF(I1PT(1),GE,2) II = 11
 
00 702 12 = 11,7695
 
XC = R*R*R*R + R*R*K*TRANS( 12) 4- R*R*TRANS(12)*TRArJ(12+1) +
 

I R*TRANS(I2I*TRANS(12+1)*TRANS|I2+2) + 

2 TRANS(IZ)*TRANS(12+1)*TRANS(12+2)*TRANS(I2+3)
 
t 2+2)+PUP( I12+3)+POP( 1,12+4)
TPLP=POP(1, 12)+POP(1, 12+1)+POP(l 


POP l,I2l=TPOP*R*R*R*R/XO
 
POP(lpI2+1) = POP(1,I2) *TRANS([2) / R
 

PUPIl,12+2) = PJP(1,12+1) *TRAj4S(I2+1) / R
 

POP(It'12+3) = POP(ltI2+2) *TRANS(12+2) / R
 
= 
702 	POP(lII2+4) PGP(1,I2+3) *TRANS(12+3) / R
 

IR = IR - 1
 
IF(IR*LTO) GO TO 610
 
TBR = 0.0
 
TOR = 0.0
 
TPUL = 0.0
 
DO 720 11 = lt81
 
TPUL = TPUL + POP(tIl)
 
TBR = TBR + roP(lI1) * ASFR({tll)
 

720 TOR = TDR + PUP(ilIl) * ASMR(11[1)
 
R = 1.O + ( TBR - TOR I / TPUL
 
GO TJ 611
 

610 CCNTINUE
 
C
 

SUMMARY
C THE FULLUWI.LU SECTICN PRINTS THE INITIAL DAIA 


C
 
IPAGE = IPAGE + 1
 
WRITE(6v2Cl) IPAGE,(TITLE(I)I=1t20)
 

201 FURI4AT(96HIPUPULATILN PRJJECTION UTILITY MUDEL, VERSIUN OF 1 OCTOB
 

SER 1971. PROGRAMMING BY K. Me MAURERt1OX94HPAGF9I51/IH t2CA4/)
 

WRITE(6t202) IUASEtIYMAXv(IYEAR(I)I=1tIMAX)
 
202 FORMAT(2IHLPROJECTIGN FROM YEARP15t8H TO YEAP915//36HOWITH OUTPUT
 

IFOR THE FOLLOWING YEARSvl017/6(IXvL5I7/))
 
WRITE(67003I
 

7003 FORMAT(29flOCONTRUL OPTION VALUES USED -1
 
C0 7001 11 = 195
 
12 = II + 15
 

7001 WRITE(6t70C2) ((JIUPT(JflJ=I1I295)
 
7002 FORMAT3OX94(13#2H :t [2v5 X))
 

IF(IOPT(9).LT,.ufRoIUPT(I),GE,3) GO TO 7006
 

TPOP = 10000 * ( R - 1 )
 
WRITE(697007) TPOP
 

7006 IF(IOPT(71,GEI) WRITE(6973%8) AZEROvAONE
 
7007 FORMATI21HOINITIAL VALUE OF R =tFa*4)
 
7008 FORMAT(9HGAZERO = vF6,38Ht A'JNE =tF6.3)
 

IF(IUPT(4)*GE,1) GO TO 612
 

http:FULLUWI.LU


-bi

24 	DO 26 11 = 135
 
FAM[LY(I1,191 ASFk(l[l+15) * TRANS(O)
 
FAMILY(I1,36) = ASFR(tIl+15)
 
IF(IlEQeL GO TO 26
 
FA'ILYII1.36) = FAtMILY(I1136) + FAMILY(I1-L,36)
 
DU 7 2 = 2ll
 

27 FAMILY(1I1#21 = FAMILY(II-1,12-1) * TRANSI12-1l
 
26 CLNTINUE
 

612 	CONTINUE
 
IPAGL = IPAGE + 1
 
WRITE(bt201) IPAGEt(TITLE( I)vl=1,20)
 
WRITE(61207) IBASE
 

207 FORMAT(63H SUMMARY OF INPUT DATA FOR POPULATIONt FERTILITY, AND MO
 

1RTALITY,2CXoSi YEAR#15v //3Xg6HCOHORT]2X.XIOHPOPULATIUN,4Xt
 
I 198X#
2ICH% UF TOTALt3XtlIHBIRTH RATE*t3XtlHDEATH RATE*/ 24X95HI 


35H( 2 )9LCXo5H( 3 ),9Xt5H( 4 l)
 
TPOP = 0.0
 
TBR = 0.0
 
TDR = 0.0
 
DC 28 I1 = 1,81
 
TPOP = TPOP + POP(lI91
 
TBR = TBR + ASFRIItl) * POP(,oIl)
 

28 	TDR = TDR + ASMR(ItI1. * POP(lI1)
 
TBR = lC000 * TBR / TPOP
 
TDR = 1000.O * TDR / TPOP
 
WRITE(69208) TPCPTBRtTDR
 

208 FORMAT(15H TOTAL tFl50v5X,8H l00,O05XF9,3,5XF93/)
 

209 FORMAT(15H LESS THAN 1 tFl50,t5XF8.3t5XF9,3,5XF93)
 
210 FOUMAT1IH t,5,2H -tl5t2XtFl5O.5XF8,3,5XF9,3,5XF93)
 
211 	FORMAT(15t1 80 AND OVER ,F5,t5XF8.3t5XF9,3t5XtF9.3)
 

XL = 100.0 * POP(lt]) / TPUP
 
X2 = 1000. * ASFR(1,1l
 
X3 = 1000. * ASMR(lol)
 
WRITE(6,209) P0P(l1g bXlX2vX3
 
12= 1
 
13 = 4
 
XO = POP(1@23 + POP(193) + POP(l4) + PUP(115)
 
Xl = 100.O * XO / TPOP
 

* POPI(131 +X2 = 1000.0 * ( ASFRfl,2) * POP(12) + ASFR(1,3) 

1 ASFR(Lt4) * PUP(v4J)+ ASFR(151 * PP(195) I I XO 
X3 = 1000.0 * ( ASMR(12) * PCP(fl2) + ASMR(413) * POP(1,3) + 

1 ASMR(1#4) * POP(1)4) + ASMR(1,5) * POPi,51 | / XO
 

WRITE(6P210) I2tI3,XOtXlX2tX3
 
DO 29 11 = 6765 
12 = I -1 

13 = II + 3 
XO = POP(I II) + POP(LI1+1 + POP(1,11+2) + POP(1,91+3) + 

1 POP(1II+4)
 
Xl = 100.0 * XO / TPIP
 
X2 = 1000C * ( ASFR(,II) * POPItlI) + ASFR(II+I) *
 

http:FA'ILYII1.36
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* i POPI1Ii+i + ASFR(ItII+2) * POP(Ioll+21 + ASFRE119113) 

11+1 * POP(1+11+41 I / XO
2 POP(191t+31 + ASFRCI 


X3 - 1000.0 * ( ASMR(1I1) * POPtIvIll + ASMRItlI+1I * 

1 Pop(,Ii+li + ASMRS,1.+21 * POP(1,,1+2) + ASMRII.Il+31 * 
2 POP(I 11+31 + ASMR(itllI4 * POPIll44 I I/X0 

WRITEl6v210) 12I13@XOtXltX2tX3 
29 	CONTINUE
 

Xl a 100.0 * POP(1#81) / TPOP
 
X2 = 1000.0 * ASFR(1@81)
 
X3 " 1000.0 * ASMRI1,81)
 
WRITE(6t211) POP(1,81)eXltX2,X3
 
WRITE(I6212)
 

212 FORMAT(24HO* PER THOUSAND PER YEAR///)
 
DO 613 11 v1.81
 
BIRTHS(1I1) - ASFR(1911) * POP|IIl1)
 

613 DEATHS(ItIl) a ASMR(ltI.) * POP(I1l1)
 
IF(IOPT(IO.GT*0) CALL STATS
 
CALL FAMOUT
 

C 
THE FOLLOWING SECTION PERFORMS THE ANNUAL PROJECTION OF THE
C 


c; POPULATION t CALCULATING PROJECTED BIRTHS, DEATHS. AND SURVIVORS
 

C
 
DO 33 ITIME = IBIYMAX
 
IF(IOPT(51.GE,1) CALL ENFERT
 
IF(IOPT(6)..EQ.0) GO TO 88
 
CALL ENMORT
 
IF(IOPT(3),GE.oI GO TO 88
 
ASMR(Il2) = 1.83 * ASMRIlt3)
 
ASMRI194) = 0.65 * ASMRII,3)
 
ASMR(Lv51 = ASMR(lo3) * 0.42
 

88 	CCNTINUE
 
DO 38 12 = 1934
 
13 - 36 - 12
 
FAMILY(13t36) - FAMILY(13-1936) + ASFR(13+15)
 

00 38 14 1#34
 
15 = 36 - 14
 

38 FAMILY(13t15) a FAMILY(13-1I5-1) * TRANS(I5-1I
 

FAMILY(1#36) ASFR(1#161
 
O0 39 12 - 1935
 

39 FAMILY(12vl) = ASFR(t12+15) * TRANS(OD
 
DO 40 12 = 1,81
 
POPI2t2) = POPILI2)
 
BIRTHS(2912) = BIRTHS(1,12)
 

40 DEATHS(2eI2) = DEATHS(1*12)
 
POP(l,) a 00
 
DC 41 12 = 2,80
 
POPI1@I2) = POP(2tI2-1) * TRANS(I2-1)
 
BIRTHS(112) = POP(1#12) * ASFRI1912)
 
DEATHSI1912) a POP(1#12) * ASNR(tI12)
 

+ BIRTHSI I12) + BIRTHS(2912)
41 	POPIIt1) " POP(1,) 


http:IF(IOPT(3),GE.oI
http:IF(IOPT(6)..EQ


C
 
C 

C 

C
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POPIlv81) = POP12t81) * TRANS(81) + POP(2,dO) * TRANS(80)
 
BIRTHS(It81) a POP(lt811 * ASFR(1981)
 
DEArIIS(19811 - PLP(I811 * ASMK(1981)
 
POP(II.) - 0.5 * I POP(It1| + BIRTHS(1t81) + BIRTHS(2v813 I
 

PIP(ItI) = POP(Ii1) * TRANSIC)
 
BIRTHS(Ilil a POP(1.1) * ASFRII91)
 
DEATHS(tI - POP(iEII * ASMR(lol)
 
IF(ITIME*EQoIBASE) GO TO 33
 
DO 34 11 = IIMAX
 
IFI[TItE*EQ*IYEAR(II)) GO TO 35
 

34 	CONTINUE
 
GO TO 33
 

THE FOLLOW11IG SECTION PRINTS THE PROJECTED DATA FOR A GIVEN YEAR
 

IF SPECIFIEO BY THE USER
 

35 	CONTINUE
 
IPAGE " IPAGE + 1
 
WRITE(69201) IPAGEv(TITLEII)Il=lt20)
 
WRITE(69205) ITIME
 

205 FORMAT(46H POPULATIONt BIRTHSt AND DEATHS PROJECTED LATA927Xt5H YE 

lARv15 //120H COHORT POPULATION X OF TOTAL CHANGE 

2 RATE * BIRTHS RATE ** DEATHS RATE ** 

3 /20X#SH( I ),7X5H( 2 197Xt5H( 3 196Xt5H( 4 )ttlXt5H( 5 )t4X95HI
 

46 ),L2Xt5H( 7 ),5Xt5H( 8 /)
 
206 FORMAT(11H TOTAL ,F150,t FIl-3tF12,OtFloe4 2(F10

0 FlO3)/)
 

213 FURMATMIH t3XtI3,4XF5.CGiFlIo3tFl2o00Fll.o42(Fl6oOtFlO.
3 )I
 

0 3 ))
214 FORMATI1H #1392H -,132XFl5OO.FII3FI2OtFI1.42(F1"OF1O

215 FORMAT(IlH 80 + FL5.OF11.3,F12oOFIl.o42(F6 OtFlOo

3)) 

TPOP = 0.0 
TPUPL = 0.0 
TB = 0.0 
TOL = 0.0 
TD = 0.0 
TDL = O.0
 
DO 47 12 = 1981
 
TPOP a TPOP + POP(lE2)
 
TPOPL - TPOPL + POP(2#12)
 
TB = TB + BIRTHSI1,12)
 
TOL a TBL + BIRTHS(2,121
 
TD - TD + DEATHS(1,12)
 

47 	TDL a TDL + DEATHS(2#12)
 
Xl = 100.0
 
X2 - TPOP - TPOPL
 
X3 - 100.0 * XZ / TPOPL
 
X5 a 1000.0 * TB / TPOP
 
X8 = 1000.0 * TD / TPOP
 
WRI[(E(6t2O) TPOPtXleX2tX3tTBPX5tTDtX8
 
IL a I
 
IF(IOPTIB)GE.11 IL = 10
 

http:IF(IOPTIB)GE.11
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DO'99.IJ = IIL
 
JI = IJ - I
 
XO = POP(1,IJ)
 
Xl 100.0 * XO / TPOP
 
X2 = XO - POP(2,|J)
 
X3 1O0.O * X2 / POP12vIJ)
 
X5 = 1000.0 * ASFR(lIJ)
 
X8 = 1000. * ASMR(1,IJ)
 

,IJ),X8WRITE(6,2131 JIXOXIXZX3,BIRTHS(IP[J),X5,DEATHS( 
99 CONTINUE
 

IF(IOPTI8).GE.13 WRITE(69227)
 
227 	FOR4ATMIH I 

XO = POP(lo2) + POP(,lt3) + POP(lt4) + POP(I,5) 
X10 = POP(292) + POP(2,3) + POP(294) + POP(2v5) 
XI - 100.0 * XO I TPOP
 
X2 = XO - X1O
 
X3 = 100.0 * X2 / X10
 

BIRTHS(193) + 	 BIRTHS(195)X4 = BIRTHS(1@2) + 	 BIRTHS(1,4) + 

X5 = 1000.0 * X4 / XO 
X7 = UEATHS(I,2) + DEATHS(1,3) " DEATHS(1t4) + DEATHS(1.5) 
X8 = 1000.0 * X7 / XO 
13 = 1 
14= 4 
WRITE(6214) 13,14,XOsXlX2tX3tX4tX5tX7,X8 
DO 48 12 = 6t76,5 
13 = 12 - 1 
14= 12 3 

+ POP(II2+1) + POP(1,12+2I + POP(,I12+3) +XO = POP(1,121 
I POP(1912+4) 
XIO = POP(2*12) + POP(2#12+1) + PIUP(2t12+2) + POP(2912+3) + 

I POP(2912+4) 
XI = 100.0 * XO / TPOP 
X2 = XO - X1O 
X3 = 100.0 * X2 / X1O 
X4 = BIRTHIIS(l2) + BIRTHS(1tI2+1) + BIRTHS(1,12+2) + 

I BIRTHS(1#12+3) + BIRTHS(II12 4)
 
X5 = 1000.0 * X4 / XO
 
X7 = DEATHS(1#12) 4 DEATHSI1tl2+11 + DEATHS(1,12+2)+
 

1 DEATHS(1912+3) + DEATHS(1,I2+41
 
X8 = 1000.0 * X7 / XO
 

48 WRITE(6,24113tl4oXOtXLtX2,X3,X4,XStXTX8
 
XO = POP(It81l)
 
X10 = POPl2981)
 
X1 = 100.0 * XO I TPOP
 
X2 = XO - X10
 
X3 = 100.0A X2 I X10
 
X5 = 1000.0 * ASFR(1981)
 
X8 a 1000.0 * ASMRI(181)
 
WRITE(69215) XOtX1tX2tX3tBIRTHS(1t81tX5,DEATHS(1t81tX8
 
WRITE(6v216)
 

http:IF(IOPTI8).GE.13
http:DO'99.IJ
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216 

33 

FORMAT(2CHO* PERCENT PER YEAR/ 
IF(IOPT(.1|.GT.C) CALL STATS 
CALL FAMOUT 
CONTINUE 
GO TO 902 
END 

25H *, PER THOUSAND PER": YEARI' 



SUBR UTiIE OAMOUT.
 
biAESzord 000,01,11 iBRTHSi 81NEATHS0iiiAFAUI281i9
 

CUAM4UN PUPi IRTHSDEATHSASOF1~ASNkiFAAMiLiitiiAzERUkdAbkEiR
 
I IOPT 

C
 
THE POJEtED OAIiLV DESCRIPtiON
C TkE FLJLLLhdlS PkUGKA4 PRINTS 

203'FORMATEklbiO.2Xi46H STATISTICAL DESCRIPONi OF "iAVRAGE 0AMLitsi 
j i~jidttAL LI''4PARENr'S,26X,29H, CHILVREIN SURYIViNd At AGES i1 

1 5 9 
iIVE, TOTAL SURVEIJALt/12014 COHORT i 

aiktNS Sui 10LO-14 15--19 20-24 25-2 304 
4RViVORS RATE (21/)
 

DO 30 11 - 6,46,
 

X2' *0;6
 

11 4- 4~ 

i2 i1s 4 4, 

4 i4 A~i ~i -O Li~ 
A L(4 15 ~fl i-14 - 13i 

iAOX +F4iL,1 PIlYIiI33. 
Li~i OWLiA.14i
Xi = i3 4 POP(1.31 t 'AL+4ii4O 

iij 4-FAMILY(14il) FAiIli5 i 
X4 = X24.*OPU13 i 0AIiLYii4j6) + FAM0Y(4iii * AMi~ii4i 

i 4 FAILY(149 ) FAAILY420 I 
OA~iL~ii4i
A5 X5 4+PUP(1.31 (IFAtILY(I411~ * FAhiiii 4-i2 

iii+ FA14ILY(141'924 FAMILY( 14,251 1 
X4=X6 + POPU0,1) * ( 4LY.6 FAIIILY(1&illI OOAI~~t4 LYii4i
 

1281 FA1MILYII4i29) + FAMILY(14,25) I
 

128 0 + PiILYi4.?9 * (FAMILY(140ii AM 40 W *4 

j3I4FAtILYEil4,341 + FAMILYII4,35)
 
XU k8 4FAM4LY14,36j 00PP0, iii
 

3i CbNTINUE
 
id AC TOPP, 

X/yp"OoAi k-

*2=X2 O
 

x3 = * TPOP
 
i4 A4 Tp"T 


http:PUP(1.31
http:POP(1.31
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X5 X5 / TP)P
 
X6 a X6 / TPOP
 
X7 a X7 / TPOP
 
X8 = X8 TPOP
 
X9 XO + Xl + X2 + X3 + X4 + X5 4 X6 + XT
 
XIO LOO. * X9 I X8
 

13 11I+ 3 
WRITE(6v204. I2,Z3,XOXlXzX3,X4t X5,X6TXXSl9gtXlO

204 FCARtATlII32H -,3t2XtllFlO.S) 
30 CONTINUE 

RETURN
 
END 
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FUNCTIUN TRANS(I) 
DIMENSION PUPi2.815 .BIRTHS(2.81)tDEATHSI2o8l)ASFR(2,8l~t 

I ASMR(2t81),FAMILY(35.36),IOPT(20) 
CCMON POPIIRTHSEATHtStASFKASHRFAMILYITIMEAZERO°AONEIRe 
I IOPT 

C 
C THE FOLLOWING PROGRAM CALCULATES SURVIVAL RATES FROM ANNUAL 

C MOKTALITY RATES FOP. EACH AGE COHORT 

C 
IF(I.GT.C) GO TO 401
 
TRANS = 10 / ( l ++ ASMR(Il) * 11.0 - AZERO ) )
 
RETURN
 

401 ZO = ASMRI(281)
 
IF(ILTo81)10 = ASMR2I(2)
 
B. = 0.5
 
80 = 0.5
 
IFIoEJ.2) 9C = AUNE
 
IF((lslU.1) dl ACNE
 
IFll.-.Jl) 30 = AZERO
 
IFII.LEoC) ZL = ASMAI1,1+1)
 
IF(IoGT.8C) Zl ASMKItB1)

TRANS = (1.o,-HLZO/(. O*Z1*|(oO-B1)) 

HETUKN 
ENU
 

http:IF(IoGT.8C
http:IFll.-.Jl
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SUiRKJUTINE STATS
 
IMErSIUN POP12v181BIRT HS(2v8 1 DEATHS(2t81.)vASFR(2 981I)1
 

I ASR(20Ih)tFAILY(35#36v IPT1201oTITLE(20)1YEAR( 10( ),
 

C.OMMJi'N POPe IRTHSDEATHSASFReASMReFAMILYITIMEAZERO,AGNE,R,
 

I IUPT
 
C
 

THE FOLLOWING PROGRAM CALCULATES AND PRINTS SUMMARY PUPULATION
 c 

> 	0
C STATISTICS. IT IS USED WHENEVER IOPT(IO) 


C 
BIR = 0.0 
TPOP = 00 
00 1 =1981 
BIR = BIR + BIRI'HS|I(9) 

1 TPOP = TPOP + POP(ItI)
 
AGE = AZERO * PP(1,1) + 11.0 + AUNE ) * POP(I12)
 

XI = 1.5
 
DO 2 1 = 3.81
 
XI = XI + 1.0
 

2 AGE = AGE + XI * POP(1,I)
 
AGE = AGE / TPOP
 
POPMID z 0.0
 
DO 3 I = 16945
 

3 PUPi4ID = POPMI-D + POP(III)
 
BWR = BIR / POPHID
 
PCTMID = 100.O * POPMID / TPOP
 

) 	/ POPMID
CWR = ( POPIII POPI(12)+POP(13)+POPII.4)+POP(1t5) 

DO 6 1 = 46960
 

6 	PCPMID = POPHID + POP(IEl)
 
DR = ( TPOP - POPMID I / PUPMID
 
X = 1.0
 
EXPECT = 0.0
 
DG 4 1 = 1,91 
X = X * TRANS I-1i 

4 EXPECT = EXPECT + X 
fRITE(6e5) AGEPPCTMIDtDRoEXPECTBWRCWR 

5 FORMAT(12H AVERAGE AGEF8*3e1OX,2OHPERCENT AGED 15-44 ,FS4tlOX, 

tF8o4/12H EXP ISIRTH)PFS.39IOX92OHBIRTH - WO
S19HDEPENDENCY RATIO 

SMAN RATIO *F8,lOXe19HCHILD - WOMIAN RATIOrF8o4)
 

RETURN
 
END
 



SUBROUT.INE ENMORT
 8 l)t
DIMENSION PO)PtZ,"811 ,BIRTHS(2,B1),OEATHSIZB1),vASFRIZ,

100)


1 ASMR(I,BliFAMILYI35I36)uIOPTI20)9TITLEIZO),IYEAR( 

COMMON POPBIRTHSDEATHSASFRASMRFAMILYITIMEPAZEKOAONEWRI
 
1 IOPT
 

c
 
C DUMMY PROGRAM 3ENMORT
 
C
 

RETURN
 
END
 

SUBROUTINE ENFERT 
DIMENSION POP(2381),BlRTHS(2,8L),DEATHSI2,8l)IASFR( 

2381)t 

1 ASMR(Z,81) ,FAMILY(35,36),IUPT(2O),TITLE(20) ,KYEAR( 1001 

CUMMUN POP#iIRTHSDEATHSASFRASMR.FAMILYITIMEPAZEROAONEiRI 
1 [OPT 

C 
C DUMMY PROGRAM : ENFERT 
C 

RETURN 
END 
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e*
*********************** 


MAURER
 
THIS PROGRAM WAS DEVELOPED AND PROGRAMMED BY KENNETH 

M. 

AND T. PAUL SCHULTZ OF THE 

POPULATIUN RESEARCH PROGRAM
 

OF THE
 

AAAAAA NN
 

RRRRRRRR PPPPPPPP
 
********** RRRRRRRR 

CCCCCC 000000
NN DODODDOD CCCCCCCC 0000
NNN NN DUDDODODO
*** RRRRRRRHR AAAAAAAA 
AA NNNN
RR RR AA 


OU)O RRRRRRRRR PPPPPPPPP ,******** 

Du CC CC 00 00 RR RR PP PP
 
NN DD 00
CC
NNNNN NN DO DO


***** RR KR AA AA 
AA NN NNN
 

PP ,**,****** RRRRRRRRR AA 
00 RR RR PP 


Oi 00 RRRRRRRRR PPPPPPPPP 
NN DO UD cC (O
CC

,** RRRRRRRR AAAAAAAAAA NN NNN NN DD DO 

********* RR RR AAAAAAAAAA Nfl NN 
OU RRRRRRR PPPPPPPP 


RR PP
OU 00 RR
NNN DD DD CC 

DD CC CC 00
AA AA NN NNNN DO
*** RR RR 

R****** RR AA AA NNHR
00 RR PR PP 
CC CC 00000000 RR RR PP . 

NNN ODDDDDOD CCCCCC 000
AA NN ODDDDODD
***** RR RR AA NN 


000 RR RR PP 
 *,
 

TO FACILITATE RESEARCH UNDERTAKEN FOR
 

1111 DDODDDD
AAAAAA 


III DDDUDDDDD
AAAAAAAA DO
II DOAA AA 

A
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DOI DOA AA 
AA AA 11 DO DO 

A 

AAAAAAAAA [I DO DO DOAAAAAAAAAA II DO 
A 

A AA II DO DO 
AA AA 1il .. DPUDDI)DDD.. 

A 

so DDDDDD esA AA e. Ii ., 

UNDER AGENCY FUR INTERNATIUNAL DEVELOPMENT CUNTRACT
 

CSD-2 533. 

A 
** DESCRIPTION JF THE PROGRAM IS AVAILABLE IN : 

KENNETH M. MAURER 
THE RAND CORPCRATIUN
AND T. PAUL SCHULTZ 


A POPULATION PROJECTION MUDEL
 
R-953-AII ( JANUAR**$*****$$1700 MAIN ST. 


SANTA RUNICA,
Y 1972 1 


CALIF. 90406
 
* ** * 

$$ $$$ $ $$*$$**$$*$
$$$$$$$$$$$$ $$$$$$$$$$$ 


$ $ $$$$$$$
$$$$$$$ $$$$$
$** $$$*$$*$***$ 
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ERROR MESSAGES
 

Error Cause
 

1 Input error attempting to read Projection Card in Control
 

Section.
 

2 No years specified for output before end of list.
 

3 Input error attempting to read Output Card(s) in Control
 
Section.
 

4 Illegal value supplied for AZERO or AONE.
 

5 Illegal value supplied for Ni, N2, or N3 in Data Section:
 
Fertility.
 

6 Input error attempting to read initial population distri
bution Data Section: Population.
 

7 Input error attempting to read Ni, N2, N3, or initial
 
fertility rates in Data Section: Fertility.
 

8 Input error attempting to read initial mortality rates in
 
Data Section: Mortality.
 

9 Input error attempting to read initial description of
 
"average" family in Data Section: 
 Family
 


