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1. INTRODUCTION
 

A dynamic rcLationship between contraceptive pravalance ratas
 

applied demographic
and fertiLity levels is an important fieLd of 


research far population Flanners in B angladesh. One of the most
 

useful models that helps in quantifying this relationship is
 

called "The Population Cou rci L's Target-Setting HodaL", a user's
 

manual for which has beer published by tho Population Council, New
 

model and the computer program
York in December 1986. This 


"TARGET" associated therewith yields, among other things, an
 

estimate of contraceptive prevalence rate that needs be
to 


a year given reduction in
achieved in target to bring about a 


fe r tiIi ty.
 

There are two versions of the model, namely :­

a] aggregate model, and
 

b) age-specific version.
 

The aggregate model estimates the overall rate of
 

contraceptive preaaLence needed for achieving a target expressed
 

peci fic
in terms of the "total fertility rate" (TFR). The ege-


such an estimate for each five-yearly age-group
version provides 


target being
(namely 15-19, 20-24 and so on upto 45-49), the 


expressed in terms of the "age-specific fertility rates" (ASFR).
 

It faci litatas computational work if all the age-groups refer to
 

women.
 

With regard to the comparative accuracy of the estimates 

provided by the two versions, the Population Counci L s manual 

referred to above gives the following assessment:­
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"The age-specific model gives an estimate of overaLL
 
prevalence in the target year that is nott necessarily exactly the
 

same as the corresponding prevalence from the aggregate modal.
 

Tho reason for this generally minor discrepancy is that the age­

specific model takes into account variations in the age &tructure
 

of women of reproductive a ge. Since the aggregate modal ignores
 
these variations, the ago-specific version provides more accurate
 
estimates". /1
 

However, the input data needed for the age-specific veruion
 

raise two important questions:
 

i ] How wide may be the margin of error if an attempt is made to
 

express a fertility targat for a future year in term, of age­

specific ferti Lity rates which will necessarily involve subjective
 

Judgment? 

ii I What can we say about the methodological impeccability of a
 

model which assumes that age-specific fertility rates can be
 

predicted with such accuracy ar to enable their use as an input?
 

This type of objection is particularly forceful in Bangladesh
 

because of uncertainty about the current ASFR's themselves, not to
 

speak of their predicted values.
 

In reply to the above questions, one could say that those who
 

are unhappy ubout the ag a-speci fic version should remain content
 

with the aggregate modal. There is no doubt that the aggregate
 

model has been found to be very useful to those responsib l.e for 

the family planning program in Bangladesh. But an exclusive use 

of the aggregate model [if not supplemented by an age-specific 

version] suffers from another type of shortcoming, namely that 

the target is expressed here in terms of the total ferti lity 

/1 Bongaarts, J. and Sto,er, J. : The Population Counci l
 

Target-setting Model - A User's Manual. The Population council,
 

New York, 19B6, pp 12-14
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rate, and there is no possibi Lity of a simultan ousa estimation of
 

the crude birth rato(CBRI . The practical difficulty and confusion
 

arising from this situation is well i Llustrated in the context of
 

target-fixing for 1990-1991. It is now commonly agreed that the
 

family planning program in the country should be rapi Ly expanded
 

so ns to achieve a contracoptive prevalence rate ,CPR of 40% by
 

the end of the Third Five Year Plan. According to the aggregate
 

model, this Level of CP R by 1991 corresponds to a TFR target of
 

4.8. This represents a reduction of nearly 24% in 10 years in
 

comparison to a TFR value of 6.3 in 1981. However, the model does
 

not provide a direct answer to an important, related question,
 

namely, "how much decline in the crude birth rate [CBR) can be
 

achieved at the same time" ?
 

Indirect answers to this question are currently attempted
 

through a variety of methods and procedures, including the
 

foLlowing:­

a] by using a regression equation between CB R and CPR
 

[contraceptive prevalence rate). A commonly used form of the
 

equation was derived by Nortman [1900) on the basis of data for
 

32 dove Loping countries:
 

2 

CBR=:46.9 - 42.0u where u , R =0.91 ) 
le o 

A slightly different equation has been suggested by Mauldin
 

and Segal (1986]:-


CBR = 49.07 - 0.43CPR (R2 =0.84].
 

However, if these equations are applied to Bangladesh for 1991
 

wien CPR i s planned to be 40%, then the estimatee value of CBR at
 

the end of the Third Five Year Plan would be 30.1 by the first
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equation and 31.87 by the second 
equation. It can be shown 
(as we 

shall do in this monograph in section 5) that both 
these arc groa-s
 

under-estimates.
 

b) by using two separate models, one linking 
TFR and CPR in a
 

fertility model, and 
the other Li nki ng CBR to variables like crude
 

death ral;e and Life expectation in a population projection model, 

the underlying assumption being that since the two models have 

same common ee ents, the CBR values given by the second model 

might be consistent with the values 
of TFR and CPR given by the
 

first 
 model. Again such an assumption nead not be valid. The
 

point to be stressed is 
 that, in the absence of a direct
 

relationship between CPR, 
TFR and CBR, unrealistic CBR targets can
 

be tagged on reali stic TFR
to targets.
 

c) by presumi ng 
that the same ASFR s which are uued as an input
 

in the ago-specific version of the 
Population Counci l's 
 model
 

will be multiplied by the number 
of women in the respective age­

groups to calculate 
the numbor of births, and that will he lp
 

compute UaR. But such 
 a procedure wi LL necessarily involve
 

subjective judgment 
for predicting ASFR and will 
be considered as
 

a methodological 
 welakness, particularly in countries like
 

Bangladesh, as already mentioned above.
 

In this monograph we consider as 
realistic the aggregate
 

codel 
 of the Population Counci l, but superimpose upon it 
 a
 

modified version of the ago-specific model. An attempt 
has been
 

made to romovu the two main shortcomings of that modal, which
 

specifically implies the 
following:­

- In our model, the age-specific ferti lity rates are shifted
 

from the package of inputs to the package 
of outputs. Of
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course, the inputs have 
to be suitably completed in 
 some
 

other way;
 

Both TFR 
 and CDR are directLy Linked to 
 the age-specific
 

contraceptive 
prevalence rates 
[CPR).
 

In order to 
present a self-contained monograph, 
 we give, in
 

the next section, a 
brief description 
of the Population Counc i l's
 

model. In section 
3, the two main shortcomings of this model 
are
 

discussed in technical
a way.
 

Theoretical' considerations Justifying 
the basic approach and
 

mothodology uf 
our modeL are given in serction 4. Section 5 then
 

presents detailad 
 results obtained by applying 
 the model to
 

Bang ladesh, with the help ef 
two self-devised 
computer progrems.
 

Finally, section 
6 contains a brief 
overview 
af the results
 

obtained, indicating what 
further action is suggested thereby en
 

the 
 part uf demographers and population planners 
in Bangladrsh.
 

On our part, we this
view monograph as the 
first in a series
 

through which 
we 
hope to present further results 
that 6ur model i8
 

capable of producing.
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2. 	 A BRIEF DESCRIPTION OF THE POPULATION
 
COUNCIL'S FERTILITY MODEL
 

The Population Council has formulated a m ltipLicative
 

model, the central equation of which (relating to any given paint
 

of time] is:
 

TFR = C m xC c xC xC IxTF . • " • [2.1
a ....... 

where: TFR = total fer ti lity rate 

C . = indox 	 of marraige
m 

C = index 	 of contraception
c 

C = indax 	 of induced abortion 
a 

C index of postpartum infecundability 

TF = total fecundity rota
 

and all the indiceu can take va tLes between zero and one.
 

The mathematical formula for the four indices are the
 

f'ollowing:-


Currently married women in an age-group 
C - ---- --- ---------------------. . .. (2.2)

All women in 
the some age-group
 

The relevant age-group for the aggregate model is 15-49 whereas 

the age-specific version considers the age groups 15-19, 20-24, 

and so on up to 45-49. 

C = 1 - sue . (2.3]
C
 

CPR
 
where s is the astari Lity correction factor, u is --- ,that is
 

I Do 
the contracoptive prevalence rate divided by 100, and a is the
 

average use-effectiveness of contracptive methods.
 

The valuos of the overall and age-specific sterility
 

correction factors, as suggested by the Population Council, are:
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Age-group 
 Value of­

15-29 
 1.02
 

20-24 
 1.02
 

25-29 1.03 

30-34 1.04 

35-39 1.12 

40-44 

1.33
 

45-49 
 2.08
 

Overall for thp 
 1.08
 
age-group 
15-49
 

B8ongaartt & 
Potter [1983] 
have a hown that 
the overall value
 

(1.08) is 
 obtained 
if a weighted average 
is taken of the age­

spocific values, 
 the weights 
being the relative 
values 
of natural
 

fertility rate ar 
given by Coate 
and Trusvelt [1974].
 

Average voluos of 
the use-effactiveness[ea 
of the different
 

contraceptive 
methods 
are:
 

Met hod 

Value of e
 

-4iaLe sterilization 
(Vasectomy) 

1.00
 

Female sterilization(Tubectomy) 

1.00
 

I nJ a c tab Les/No rp lant 0.98 

IU D 

0.95
 

Orel PiLL 
0.90 

Foam/Jelties 

0.80
 

Condom 

11.80
 

TraditionaL 
methods 

0.70
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Given any method-mix, a (weighted] average value of e can be
 

caLcuLated.
 

TFR 

.a (2.4) 
TFR + 0.4 x (I + C. R x Total induced abortion rate 

where tho total induced abortion rate is the average number of 

induced abortions per womon at the end of the reproductive period. 

The functional form of C 1 s such that it decreases slowLy as TFRa
 

goes down.
 

20
 

C - .... (2.5) 

18.5 + I
 

where I is the average duration of postpartum infecundabi lity (in 

months) caused by breast-feeding or postpartum abstinence. The 

functional form of C I s such that it has a slowly increasing 

trend over time because the average duration of breast-feeding is
 

getting shorter in comparison to the rather traditional value that 

has so far prevai Led In vng ladaah. 

Dotal led theoretical justification for the above formulae
 

has been given by Bongaarts & Potter (1983].
 

The totaL fecundity rate [TF) can be assumad to have a
 

fairly stable value within a narrow range centered at 15.3.
 

Three of the four indices namely C , C and C take 
m c a 

different values for the seven five yearly age-groups (15-19 to 

45-49]. For example, an increase In the age at marriage means a 

decreasing value of C. In the ago-group 15-19, but it may not have 
m 

any effect on the age-group 45-49 (except in the long run].
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Si mi larly, C varies From one ago-group to another, partlyc 

becausu the sterility correction factors ar e different and 

partly because the contraceptive prevalence rates, when 

plotted against ae, usually have the shupe of an inverted 

U-distribution. Furthermore, the contraceptive method-mix
 

generally varies with age, and the average value of a is
 

higher in those age-groups wn re steri li sation acceptors
 

constitute a relatively higher proportion of contraceptive
 

users.
 

The third index C is difficult to measure in
 
a 

tradi tional societies where induced abortion is believed to
 

be negligible (which implies C to be close to one].
 

Bonga rts and Potter '1983) assumed C to be one for
 
a 

Bangladesh for 1975. In that case, the same va lue (one]
 

would apply to all the age-groups. However, to be
 

realistic, we can assume that some ca e of induced abortion
 

do take place, particularly in the younger age-groups,
 

although they often remain unreported or under reported.
 

The formula (2.4] gives overall vhluos of C which show -a
 
a 

declining trend over time. Age-specific values can thus be
 

assumed so ns to be consistent with the overall C_.
 



------------------------------------------------------------------------

10 

Regarding the fourth index C , Bongearts and Potter have 

to be age-invariant (at
explained why it can bo gonora lLy assumed 


of time, because over time it is slowly increasing .
any given point 


"Although postpartum infecundobi tity in reality rises
 

sLightly with ago, the other components of birth intervals
 

increasa also, so that tha fertility-inhibiting impact of
 

postpartum infecundabi Lity changes very Little with age. It is,
 

therefore, simpler and more 	convenient to use the same equation
 

to assume the duration of postpartum
for' C in all age-g roups end 


infacundahi lity to be ago invariant". /2
 

Tho aggregate ferti Lity model is based on an extension (over
 

time) of the central equation 	(2.1) so as to include the base year
 

(0) and the target year (t), and by considaring the following
 

ratio:
 

x C ( t) x C (t) x C I (t) x TF(t)
TFR(t) Cm (t) c 
- - -

a 
- - - - - - - - - . (2.*6)-. - - - -

TFR[O) Cm (0) x C c (0) x C a (0) x C i (0) x TF(O) 

mai n inter st is in C , its effect can be isolatedSi nce our 
 c
 

Into a single factor
by combining thc ratios of the other indices 


F( t), which moans that
 

C (t) . C (t) . C (t) . TF (t) 

FCt ] ------ - --------------- ---. . . (2..[.7 

C a [(O) . C ai(r) . C (Co) . TF (0] 

Assuming that all other terms ore known except u(t] which is
 

CPR -­

., then-.. a simple re-arrangement of terms leads to the formula- ­

1 	 TFR~t) 1 

(1-1.08B 	 e(O)} ]... [2.8]
uft) -- - .[ 	 x-------------x u[O} x 

1.08xe(t) TFR(O) F(t)
 

Bongaarts, J. and Potter, R. G., Fertility, Biology, and
 

Behavior, An AnaLysis of the Prox.imate Determinants, Academic
 
1 1 6- 7
 

Press, Now York, 1983, pp.
 

100 

/2 
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This formula enables us to estimate, with a reasonable
 

degree of accuracy, the contraceptive prevalence ate that needs
 

to be attained in the target year for achlcvIng a given TFR
 

target. To faci li tate practical applications, tile TARGET"
 

program of the Popu lation Counci L assume that TF [ t) TF(0 .
 

In the a ga-speci fic version, simi Lar formulas are a ppli d 

separately to each five-yearly age-group except that the total 

ferti lity rate a nd the totat abortion rate are replaced by their 

age-specific aquivalents. Without going into detail we write 

below the age-specific equivalent to formula (2.8], using the 

letter a to refer to each ago-group ranging from 15-19 to 

45-49:-. 
I ASFR[t,a) 1
 

u(t,a) =------------- I- x--------- x 

SCF(a] e(t,a) ASFR(O,a) F(t,a)
 

( I - SCF(a) x u (D,a) x a [Oa] 11 ... 2.9] 

where SCF standa for age-specific sterility correction factor. 

Values of this factor, ranging from 1.02 (for age 15-19) to 2.08 

(for age 45-49) have already been shown above.
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2. UNSATISFACTORY 
ELENENTS 
OF THE MODEL FROM THE
 
VIEWPOINI 
OF USERS IN BANGLADESH
 

Although 
 the Populzti on Council's fertility is a
model 


usefrul too l in the 
hLnds of demographers in Bangladesh, we fee it
 

to be in -- quete in two important respects. The purpose of 
this
 

section 
i to draw attention 
to these inadequacies 
wit h a view to
 

indicating the 
 type of modifications 
 that era particularly
 

necessary 
and which we have tried to introduce in this monograph.
 

Neglect of CBR-targating
 

One 
of the moot obvious deficiencies 
of the model is that it
 

has given a step-motherly treatment 
to the subject of crude birth
 

rate (CO r] in comparison to of
that total ferti lity rate 
 {TFRJ.
 

In making this statement, 
 we are not qua, tioning the pivotal 
role
 

that rightfully belongs 
 to TFR in fertility analysis. Our
 

criticism is prompted 
by the following considerations:­

(i) The model provides an 
estimate of contraceptive prevalence
 

rate (CPA] thit will be required to achieve a TFR target.
 

However, corresponding to 
 the same values of TFR and/0r
 

CPR, different demopruphers 
 have made widely differing
 

estimates of CBR. In the 
absence of clear
a linkage, within
 

the model, between TFR CBR,
and the users of model
the are
 

helpless in preventing such 
a chaotic situation.
 

ii Once an impression is 
 created that CBR values 
 can be
 

selected within a fairly Qide 
 range of poaoible choices,
 

without violating the fertility modal, 
 planners are
 



n tura 
LLy temptes t0 fIx a low CBR-target. The current
 

state of affairs -In Bangladesh can thus be characterised as
 

being subject 
 to two risks, namely (a) unrealistic CBR­

targets are tagged on to reali stic TFR targets, and (bI any 

evaluation based primeri a .y on TF R targets can give a false 

sense of achievement.
 

A concrete example cf the aLarming situntion referred to in
 

the preceding paragraph can be giver 
from the Thi rd F ive Year Plan
 

1985-90. One of 
 the main tools specified in the plan for
 

achieving 
 a rapid ferti lity decline is that the contraceptive
 

pre aLence rate among eligible couples shoud b increased to 40% 

by 1 990. This aatimate of CPR is practically the same as obtained
 

from the Population Counci l's ferti lity 
model the target being a
 

reduction aof TFR to 4. 8 in 1991. The point 
 to be stressed,
 

however, is that the plnn document makes no mention of the TFR
 

target; it envisages, instead, u decline in che CBR to as as
Low 


31 by 1990. Anyone using the model in a and
mechanical 


superficial 
 manner might get the impression that a CBR target of­

31 may bn consistent with a TFR target of 4.8, since both are tied
 

to a CPR of 40%. Under Bang ladeahi conditions, such an impreasion
 

i a unjustified, and 
we shall demonstrate in section 5 
that while a
 

CPR of 
40%, coupled with a suitable re-allocation of effort and
 

resources, may wa l l be adequate to achieve a TFR target 
of 4.8, it 

may - fell far short of achieving a CBR target zf 31 by 1890. It 

would obviously be desirable to have an in-built check within the
 

ferti Lity 
 model itself which can discourage planners from fixing
 

unrealisti c: CBR-targets.
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Rather than giving more example. of this type, it is better
 

to raise a theoretical question: Is there a one-to-one
 

correspondence between a TFR-turgot and a CBR-targot, and if riot,
 

which Is the more difficult target to achieve by rasing CPR 
to a
 

certain Level ? An answer to this question is beost given through
 

a srimple mathematical formulation as shown below:
 

TFR = 5 2- ASFR 
 ...... (3.1)
 

which moans that TFR is obtained by adding the age-specific
 

ferti lity rates for the age-groups 15-19, 20-24,..., up to 45-49,
 

and than by multiplying the sum by 5 (because each age-interval Is
 

years]. Obviously, TFR is a multiple of an unweighted sue of
 

ASFR'rs. Also, any 
 given value of TFR can be obtained by a
 

combinatien of many possible values of ASFR's.
 

CBR involves a weighted sum of ASFR's, tha weights being the
 

number of women in the age-groups 15-19, 20-24,..., upto 45-49.
 

1000
 

CBR = ---- AWRA x ASFR 
 ..... (3.2]
 

P
 

where P denotes the total population of the country, and AWRA
 

stands for "all women in the reproouctive age-groups". The term
 

AWRA is to be distinguished from MWRA which means "married women
 

in the reproductive age groups". 
Since AWRA's are different in the
 

various age-groups, they cannot 
be shifted outside the summation.
 

Like the TFR, any given value of CBR can be obtained through many
 

possible value of ASFR's.
 

Each of the equations (3.1) and (3.2) is linear in seven
 

ASFR's since there are seven five yearly age-groups within the
 

toteL age-range of 15 - 49. If we envisage a seven-dimensional
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mathematical space, then alL vaLues of ASFRts Lying on a plane- of
 

the type
 

Y + Y + Y + Y4 + Y5 + Y6 + Y= constant 

would satisfy a given TFR target. At the same time, all values of
 

ASFR's lying on another plane of the type
 

I y 1 +a 2 y 2 +a y + +a y +a y +a y = constant
 

would satisfy a given CBR target.
 

I hese two pLnoaes are not paraLleL. However, even thu plane 

of intersection does not uniquely determine all the ASFR's because 

there are only two equations in seven unknowns. This is a 

me t.amatical way of saying that, in general, there is no one-to­

one correspnndence between a TFR-target and a CBR-torgot. 

The nature of the discrepancy between these twn targets can
 

ba approximately shown in a two-dimensional geometrical plane if
 

we pool the seven age-groups in two suitable sub-groups. One
 

possible way of pooling, which is suggested by real-Life
 

observations, is to consider 15-28 as one broad age-group, and
 

30-49 as another broad age-group.
 

*Let us than introduce the following notationi
 

W 1 = All women in the age-group 15-29
 

W 2 = All women in the age-group 30-49
 

B = Live births to wom3n in the age-group 15-29
 

B 2 = Live births to women in the age-group 30-49 

Then B 1/W is a pooled estimate of' ASFR in the age-group 15-28
 

which is spread over 15 years. Simi larly, B 2/W is a pooled
 

estimate of ASFR in the age-group 30-49, which is spread over 20
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years. Obviously, pooling introduces a certain degree o error,
 

but it heLps in making a graphical presentation of what had to be
 

visualisod in a seven-dimensional space.
 

Equations 
(3.1) and [3.2) can now be re-written as
 

F3 B
 
TFR 15 
 + 20 --- ..... (3.3)


WI W2 

1000
 
CBR =- - B I +- +3B4 2 )- ...
 

P
 

By showing B along the x-axis
1 and B along the Y-axis,
 

equations (3.3] and (3.4) represent two straight Lines, for given
 

values of TFR and COR. (see I igure 3.1]. For the 
purpose of this
 

graph, we a ssume a TFR target of 
4.8 and a CBR target of 31 for
 

1991. Values 
of W , W 2 and P for 1991 are taken from available 

projections. Small errors in these as well as those arising from
 

the pooling of a ga- Uroups do not invalidate the main point of 
our
 

argument in the present i Lluatration.
 

Figure 3.1 shows that a CBR-tnrget of 31 can be satisfied
 

only if the totaL number of live births in 1991 
does not exceed
 

.3514. On the 
 other hand, a TFR-target of 4.8 is not so
 

restrictive and it can be satisfied, for example, even if-totel­

births in 1991 are aa 
 many as 4150, provided only that 2,90 0 of
 

these bi rthE 
 wilL be to women below 30 years of age. A
 

simultaneous satisfaction both
of the CBR and TFR targats wi LL be
 

possible only if total births 
are 3514 of whom a majority will be
 

to women over 30 years 
of ag. It will be shown in section 5 that
 

the chances of this happening in 1 a91are very slim.
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In the light of trend-based. and other projactios, there 

is high probobi ti ty 
that "ha point (B1,02 1n figure 3. I iay be
 

on 
 the se9ment marked 
CT on tho TFR-targot 
Line (or in 
 an area
 

adjacont to it]. More datai Ls rolating to this wi l be provided 

[in r,ection 
 5] in connection 
with tho modified version 
 of the
 

Popu lat io n Counci ' s modeL. The main purpose of referring to this 

aspect at this stage is to hig1hlight the need for a clear Linkage, 

within t he modeL, between tha to rgetted or enti ated values of TFR 

and CUR, and 
this mus t involve also the third important factor, 

name ly CP 1.
 

Use of 
ASFR as an input
 

Another deficiancy 
 of the Population Counci L's model is
 

that it considers 
th age-specific 
ferti lity rates of 
the target
 

year, i . e. ASFR[ t) as an itnput. In other words, we are supposed 

to know in advance 
what 
the oven ASFR' s wilL be in 
 the target
 

year. Those and other inputs will then help in estimating, through 

the model, the required rates of contraceptive prevalence in the 

various age-groups. 

One can app rtciate why ASFR( t) 
has been considered 
as an
 

input in the modeL. This is because the ego-specific version ef 

the 
model is vieved 
as a simple ex tansiion 
of the aggregate 
model.
 

In t1e aggregate model, 
 TFl ( t) is an input and CPR(tI is an 

output. y a simple analogy, TFR (t i replaced by ASFR(t) in 

the age-speci fic mcd L. However, this iS only one of the ways of 

movin 
 g from an aggreugate to 
an age-specific 
 version. 
 It itS
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possib le, and theoretically preferable, to think of other ways, 

because an age-specific vorsion offers plenty of scnpo to
 

introduce methodological sophisticati on as wel 1 as L i nkag e between 

TFRA and CPA (which i s not possib Le in an aggregate modelj. 

Our specific comment is t hat the simple procedure of 

considering ASF R[ t] as E n input shouLd be repLaced by a more 

complicated procedure which is j us ti fied by i ts capability to 

yield batter sf the sed wi tlresu Lts. coursu, revi procedure have 

to be viewed as a sequence of steps.
 

Let us consider the possibi lity of introducing
 

simultoneous and inte r-dependent changes over time in ASFR as welL
 

as in age-specific CP A such that the ratio 

ASFFn( t) 
. . . . . . [3 . 5]I - s.u(tja(t) 

takes values which can bu predicted, s being the age-specific 

sterility correction factor, u is the age-specific CPR and a is 

the age-speci fic use-e ffectiveness of the contraceptive methods. 

In the terminology arid notation of the Population Council's model, 

the ratio (3.5) represents
 

A S F Ii( t, a) 
-I -- referring to age-group and it can be 

C (t,a]
C 

assumed to take the value
 

ASFRI (0,a) C (t,a] C (t,o) C (tie] 
m a i 

C (O. C (o,a C (oa C (oae

c m a i 



--------------------------------------- ------

where C 
m iG the index of marriage, C is the index of

0 

induced abortion, C 
 is the index of postpartum
 

infecundabi L Ity, and a Ll terms containing 
(o) refer to the 

b s year whosu values can be asrumed to be known. That 

leaver three terms re fe rri ng to the target year, namely C 
m 

C end C Of these, C. cnin be assumed to be age-invari ant,
a i i 

but C end C very with age. Therefore, anothor
 
m a
 

rat ioo namely 

ASFII t,e )
 

6 a I).U[ t ,a)I . ( t , )I .C [(t, a)I. C [(t ,o)
1-


S a 

is prefereb Le to rat io (3.5] from the 
 viewpoint of
 

identifying a 
re lat ive ly more stab le input that can take the
 

place 
 of ASFR (t) . This ratio can be a ssumed to take the 

value 

ASFR(O, ) C (t)
 

C(o,a]).0 fO,o) .C (o,a] C to]
 
c m a 
 i
 

which iG a slowly inc rcasIng function of t as already
 

mentioned in cection 2.
 

VIe can cat l the ratio (3.7) as the age-specific
 

natural ferti Li ty rate.
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Extensive studies made by Coole, Trussolt anrd otherE hove 

shown that age-speci fic values of natu rat forti lity, when 

expressed in re lative terms, exhibit a fai rly steady pattern. In 

fact, the overa LL steri li ty correct ion factor has brien estimated 

from the ag -s peci fic factors by assuming that the Co Le -

Trusse lL patte rr of natu ra L fe rtil i ty is app licab le to daveLoping 

count ri e . Of course, we need not stick to this pattern alono and 

can try out e variety of patterns. A big advantage is that these
 

pattern s can be s peci'fied in a exogenous manner. In our opinion, 

it would be methodoLogicD Lly p referabLe to use these (exogenous 

values of naturc l ferti Li ty [expressed in re lative terms end in 

different patte rn s to complete tno package of i npu ts (depleted
 

due to non-i nc Lus ionr of ASF ' ] In this way, by identi fying an 

SLtrnnat iv u to the use of ASF ' as en input in the modal, ifo have 

d e onE;t rated not oil, y the val id ity of our criticism but also the 

construct ive nature of our app roach and comments. 



4. A MODIFIED VERSIONI OF THE FERTILITY MODEL 

---------------- -------- ----------------------- ---

We have attempted, in 	 this section, to modify the
 

modol so s to remove the
population council 's ferti lity 


out and discussed in the previous
deficiencies that we pointed 


section.
 

Our model con si ts of threo blocks. Within each block,
 

there are sevarol steps. 

The three blocks are: 

I. Bose year consistency - searching block 

II. Target year ogp re qate 	 modelLing block 

III. Targot year age-specific set-e[.timation block. 

A brief de .c r ipti on or each block follows, along with
 

now formulas are introduced.
theo retical justification 	 he rever 


4.1 Bor,e year consistency 	- searching block 

The objective of this bloc k is to put together bench mark
 

to check internaldate and estimates for 	 a base year and 

the followingt­consistency between 


a) Age-specific cent r9ceptive prevalence rates and thu 

overall CPR; 

b) Age-specific ferti Lity rates; 

all women in five yearly age
c)- Total population, number of 


in five yearly age-groups;
groups, and MWRA 


d) Total fertility rate;
 

a] Crude bi rth rote; 
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rates.
 
f3 Re lative values of age-speci fic natural ferti lity 

The year 181 iE takon a s the base year because the
 

survey
as as a contracnptive prevalence

population census well 

(uPS-81 3 was conducted in that your. Bench-mark date end 

two sources.(a] and c) are providod by theseestimates for items 

(e) , that have bean made a r
Estimates for i tms (d] and 

1081 by di fferent organ isations, aLi within a narrow range, and 

have thus receivod wide acceptanco. 

(f) is not so clear. We

The situation about i tems (b) and 


sets of values of (f) ,
 
have therefore experimented with different 

( e as provided by the above­
which, along with () , (c) , (d) and 


mert ioned s ou rce , yield estimates of (b) .
 

Once we have found ( f] which, together with [a] to e] 

broadly sati ,fy conditions of internal cana istency for 1981, the 

an input for making projections for 
same ( f can ba u sad as 

While making consistency checks, we have to be 
subsequent years. 

of error, becausefor a r easonable marginprepared to a Llow 

cannot be expected
d oi.ographic dat and eastimates in Bangladesh to­

between two poasiblehave choose
be error free. Also, we to 

checks of cons istency, namely 

ooveralle CPH and unweighted average of age-speci fic CPB's, 

1/7 1U . Bongarts and Potter
i.e. wheth, r u i s equal to i
 

(1983) have suggested this.
 

(ii overall CPR and weighted average of age-specific CPR's, 

[ WRA) . (u] is equal to _ (HWRA 3. (ui). This 
i.e. whether 

i i
 

ca nr bea c aLLed coansGi s tency i n reag a rd to ~u s r s ef
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contraceptive methods. Both those cannot be fulfi lLed at
 

the some time. We have choson the latter in this 

m 0 nlog r a p h.
 

A key question i , how accurate are the estimates of age­

tpeci fic CP P's as welL as of overall CPR as given by the 19BI 

contraceptive prevalence survoy ? We can only say that, after 

some ndj urtments (which we shall indicate) , the re uI ts of CPS-O1 

vre bel i ved to bo fai rly accurato, and that they do not 

signi ficurt1 ly deiviate from trend based vaLues as provided by 

simi Lar t;urvoy s for recent yea rs. However, our model is not 

rigidly tied to any particular set of values. If the CPS 1985-8G
 

shows a di fferent pattern, then thu same type of expe rimentation 

can be performed for 1985-88 as we have done for 1981. But our 

model does need bench-m r'k data and estimates for a base year 

which satisfy internaL consistency checks and provide ets of 

relative values of age-speci fic natural fertility rates.
 

Another obvious question is, why not accept relative values 

suggested by CoaLe and Trussel l for developing countries in
 

general ? Vie feel we shou ld start with these values, but need 

net blindly accept any international pattern unless it has been 

tested forr va lidi ty for Baing ladesh. This country is large enough 

to ju sti fy a search for a national pattorn which may or may not be 

si mi L ar to an internatinona L pattern. Therefore, we have 

experimented with the Coo Le-Trussol L pattern as we [ L as other 

pa'tterms. 

Having c lari fied the underLying purpose of the base year
 

con i stcncy-coarching block, we now give a step by step account
 

thereof. 
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Step-1
 

Use CPS-1901 to derive overaLL CPR as well as ego-6pocific 

CPR's by adjusting for suspected under-reporting of male methods. 

The CPS-1981 giveG an unadjusted overall CPR equal to 0.186.
 

However, it is suspected that the women respondents did not fully
 

report ma l e methods (Vasectomy and condom use) . Simi tar under­

reporting was noticed in CPS-1983, ar estimate of which was made
 

possib le by tho results of the couple-smple. Since no couple­

sample was conducted in 19811 the rate of famaL a under-reporting 

of male methods found in 1983 was applied to 1S also. The 

overall CPR i n 1901, adjusted in this manner, works out to be 

0.209, and an age-wise breakdown of this is shown below:­

Age-group 15-19 20-24 25-29 30-34 35-39 40-44 45-49
 

CPR 0.101 0.195 0.256 0.274 0.246 0.243 0.125
 

Steo 2
 

Take the duta of 1981 population census and adjuat it for 

under-enumerat ion to obtain total population, and age-wise figures 

of AWRA and HWRA, for example,
 

Total population [adjusted) in thoisands = 89,915 

AWRA [adjusted] in thousands = 16,923 

HWRA (adjusted] in thousands = 15,895 

Index of marriage C 0.840
 

m 

(Age-wise estimates are avail able on computer).
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Stop 3 

Usa tho formula of the agg rogate modal to calculate what we
 

call (for 	 convenience] "Non-cent raceptors equivalent adjusted for 

and otho r factors" ('%'.stari Lity 


14 = Total VWRA (1-rua) . C a. ..... . 4. 
 I 
a 

who r s overa l l sto ri lity correction factor 1 .08 

u 0.209 (from step 1) 

0 average use-o ffectiven ss of contraceptive method 

mix which is estimate4d to be 0.84. 

C = overall index of induced abortion[0.9849) 

Value of N for 1981 comas to 12,687. 

Step 4
 

Experiment with difforent se-s of ralative values of age­

specific natur vL fertility rates, and c 2.culate TFR and COR from
 

each sot.
 

ASNFR = Age-spEoci fic natur L ferti lity rates 

1 Rlat ive value of' age-group AWRA
 
- -----------.-----------------. 
 TFR ..... 	 (4.2) 
5 Sum of ralative values 	 N 

Births to women in each age-group= B = ASNFR xMWRA x
 

r1 u e )xC .. 4.3)
 

whore s i = sterility correction factors for the seven age-groups 

namely 1.02, 1.02, 1.03 , 1.04 1.12, 1.33 and 2.08 as suggested by 

the Populat ion Council. 

u i age-specific CPR' s derived from CPS-81 and adjusted as 

in step 1. 

Ell = age-specific use-effectivenass. Since the overall e = 



0.84, va Lues for ago-groups be Ir.w 30 may be taken to be 0.83,
 

whilo those above 30 may ba assumed to be 0.8475.
 

c a age-specific ir dox of induced abortion. Since the
 

overall index = 0.9849, valuas for the younger ages can be assumed
 

to start from 0.97, rising slowly wi th age and going up to one.
 

B i
 

ASFR i =-for each age group .... (4.4]
 
AWRlA
 

1000 
COR =------- " . (4B5 

P
 

TFR = 5 _ ASFR . . . . .(4 .6 ) 

Based on experimentation, select those sets of relative
 

vaLues of age-speci fic natural fertility rates which yield CBR
 

close to the commonly accepted value of 42.[1, and TFR close to tha
 

commonly accepted value of 6.3. The results can be summarized in
 

the following form:­



-----------------------------------------------------------------

---------------------- ---------- ----------- ----------

--------------------------------------------------------------------

------------------------------------------------------------------------

------------------------------------------------------------------------

---------------------------------------
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R1elI )t i ve v aLu e s o f naotu ra L fe r t i Lity ccc or d ing t0 o a .9roaup 

Pattern I Pattern II Pattern III Pattern IV
 

15-19 

20-24
 

25-29
 

30-34
 

35-49 

40-44
 

45-49
 

E st . of 
TFR
 

CBfl
 

Specific data and estimates wi Ll be presented in section 5.
 

4.2 Target year aggregate modelling block 

The 3LJpctive of thii block is to apply the Population 

Counci l' aggregate fertiLity model for the targot year, and to 

estimate the overall CPn noded to achieve the TFR target. With 

the helr of the overall CPR, the total number of non­

contrucieptors equivaLent (adjusted far sterility and other 

factors] can be estimated. These wi LL prove to be uaaft, L inputs 

for the target year age-specific sat-estimation block. 

Step I
 

Make assumptions for the ovde.lI values of C , C and C for 
m a i 

the target year which take into a c ount likely changes between the 

base year and the target year. 



-----------------------

aving taken 1981 as tho bae year, we rhall conaider fou r 

different targat years, n ma ly, 198G, 1981, 196, and 20 1 . 

Assumption regarding C 
 : According to the 1981 population
m 

cen&us, currently mazrried 
woman constituted 04% of Ll
a women in
 

the age-g roup 15-49. This moans C for 1981 
w a e lual to 0 .840.
 a
 

A common assumption foroang nd3sh that
t is tho average age at
 

marriage is gradual ly increusing. Tharefore the value of C 
 can
 
m 

be a ssumed to decreasa by 0.005 aftor fiveevery years, as shown 

ba low:-

Year Assumed vaLua of C
 

---------------- m
 

1981 0 840 (given by consus]
 

1986 
 0.835
 

1991 
 0.830
 

1996 
 0 825
 

2001 
 0.820
 

Assumption regarding 
C a The Population Council's formula
 a 

for estimating 
the index of i naducad abortion is
 

TFR
 

C = 
TFR ... (4.7]+ 0.4 x (1 + overall CPR] 
x Total induced 
abortion rato 

This formula for C needs prior knowledge of overa L L CPR, but tne a
 

formula for 
CPR also needs prior knowledge of C . To bypass tha
 
a 

circularity problem, 
 thu overall CPR be
can approximately
 

C (t) 
calculated 
 by assumi ng that-------
 = I This iG justified

C (0]
because chargas in CPR in Banglada h are Linked primarily with 

changes in TFR, and C has 
no major role.
 
a 



Total induced abortion rate can be assumed to be 0.2 fo
 

each of the four target year .
 

This implies the following:-


Year TFR target Assumed value of C
 
8 

1986 5.6 0.9810
 

1991 4.8 0.9772
 

1996 4.2 0.9725
 

2001 3.6 0.9664
 

Assumption regarding C : The Population CounciL's fnrmuI a
 

for estimating the index of postpartum i,ifecundabi lity is
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C- ------------------------------------------------------- (4.8)
 
18.5 + Duration in months of postpartum infecundabi Lity
 

However, there are no reliable end consistent data on 

breast-feeding in Bangladesh. 

The following assumptions about help in avoiding seriousC i 


problems of inconsistency:-


Year Assumee value of C
 

1986 0.6237
 

1991 0.6315
 

1996 0.6450
 

2001 0.6559
 

Step 2 

Estimate the o vera LL CPR needed to achieve the TFR target. 

The relevant formula is 



0.298 

30
 

1 C (0) C (0) C [0) C (0] TFR(t) 
u(t) = -­ [ ] .. (4:9J 

1.00 x a(t] C (t) C (t] C (t] TFR(O] 
m a i 

The following ostimotes ore obtoined:-


Year TFR target a u
 

1906 5.6 0.883 


1991 4.8 0.897 0.400
 

1996 4.2 0.900 0.483
 

2001 3.6 0.900 0.563
 

Stop 3
 

With the help of the estimated overall CPr, calculate the
 

total number of "non-contreceptors .quiveLent" (adjusted for
 

steri lity and other factors] for each of the target years.
 

The formula is
 

N = MWRA (I - s.u.e . C . . . . . . (4.10]
 

The following estimates are obtained:-


Year Overall s OveralL N (in thousands]
 

1986 1.08 13,364
 

1991 1.08 13,717 

.1996 1.08 13,626 

2001 1.08 12,939 

When we move from aggregate modelling to a g-specific 

estimation, three of the factors considered in this block, namely 

C , CPR, end C wi LI need to be decomposed by age. However, the 

index C i con be assumed to be ogo-invariont. Non-inctusion of 

this in the a go-spci fic estimation procedure helps in simplifying 

the formulns.
 



4.3 Target-yaor ago-specific act-ostimation block
 

This 	is tho 
final and the most important block of our modal.
 

We have attempted in this block 
to remove the deficiencies that we
 

pointed out in the Population Council's model. fi rst
Tho two
 

b locks of over model 
 hLve paved the way P.nd prepared the
 

background to enable us to introduce three new elements in s
thi 


block which wc have designated "a trend regulator", "a program re­

alLocation factor" and "a deflator". However 
 we shaIl continua
 

with a step-by-step description ti l l we arrive 
at the right spot
 

whore the new factors have to be introduced.
 

Step I
 

Bring 	together in one pLace the following inputs for each of
 

the target years:­

(a] TotaL population, number 
of a l omen in five yearLy age­

groups, and HWRA in five yearly ago-groups;
 

(b) 	 TFR target;
 

(c) 	 Overall CP R needed 
to achieve the TFR target as estimated in
 

block 2, sto p 2;
 

(d) 	 Ec imated total number of "non-contraceptors equivalent"
 

adjusted for steri lity 
and other factors" (reference block
 

2, step 3];
 

[a] 	 Relative values os' age-speci fic natural fertility rates
 

(Take a ll acceptable sets of such 
values as derived for the
 

b se year in block I, step 4].
 

In addi tion, keep for ready usa,
 

(f] Age-specific contraceptive prevalence 
rates and the overall
 

CP for the base year (1981) as derived in block I, step 1.
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As regards the inputs () , the overalL estimates are the
 

following:-


TotaL popualtion AWRA MWRA
 

Target Year (0Ce0 (000] (000)
 

1986 101,553 22,775 19,017
 

1991 113,359 27,612 22,918
 

1996 125,804 32,012 26,410
 

2001 137,904 36,064 29,572
 

Age- poci fic estimates are avail able on the computer.
 

As rege rds inputs [b) to (d] , al L the values for the target 

years ore ovai Lab le in block 2. 

Rgag rding input (a ], we she l l use for the target years the 

same patterns of age-speci fic natural ferti Lity which have been 

experiranted upon for the base year. These are avail able in block 

1, step 4. 

Finally, the inputs ( f for the target years are, reaLly 

speaking, base year velues of the contraceptive prevalence rates, 

alraady avai lab Le in block 1, step 1. These will occur in the 

formula for the corresponding estimates for the target years aa 

we shalL explain. 

Step 2
 

Calculate ago-speci f c natural forti li ty rates for each
 

target year by means of the formula
 



I Relative value for ago-group 	 AWRA
 

ASNFR = -x - x TFR. - . . (4.11] 

5 Sum of reLative va lueos 

where is al ready u stimated in block 2, step 3. 

Obviouvsly, each s t of re la tive values will yield ono sot of ASNFR 

for each target y P ar, but thei r sum (multipJ lied by 5] wi)l l be the 

same f ur each year, namely the total natu ra l ferti li ty rate 

( T N F R I . 

Check that 5 _ ASNFR = TNFR i n each cave. 

Stop 3 

This stop relates to ostimating ago-specific CPn's for each
 

target year. However, a scienti fic way of deriving a suitable
 

formula for this pu rpoae needs to be explored and idonti fied. 

Thi s 	 can be done in the following manner.
 

The most important part of the modal is a formula which 

expresses ago-specific CPR's, i.e., u. (t] for each target year 

as a function of the following:­

(a] the corresponding age-spoci fic CPR's in the base year, i.e.,
 

u[I;
u 1 

(b] the overall CPR in the target year, i.e. u t] already 

estimated to be necessary for a chieving a TFR target. The 

functional relationship between u (t) and u(t] should be 

such that the a verage of the seven u (t) values yields u t]. 

Thir, is an important consictency condition; 

[c: 	 the overall CPR in the hose year, i.e., u(O). Again, it is 

necessary that the u ( )] and u(O) appear in the formula for 

u . I t) in vuch a way that they cancel each other when the 

seven u (t. va lues are averaged to obtain u(t beceuse 
1s 

othertrise the consistency condition stated in [b] above 
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would not be fulfi lLed. We can tarm this as another
 

consistency condition.
 

The simplest formula that fuL fiLs the above-mentioned
 

requirements is
 

uf t
 

ui [t) = u 0) 
 ..... (4.12)
u[O]
 

which increases such u (0) in the same proportion. In the
 

u {1o) 
averaging process, the ratio 
----- becomes one, and consistency is
 

u(0)
 

achieved. But it should be noted 
that the values obtained in this
 

way ore not to be considered as unique, because formula [4.12) is
 

on Ly one of the ony possible formulas that can be thought of, as
 

we shall see Later.
 

The , (t) values obtained by formula [4. 12] can be xpected
 

to be consistent with the TFR target because uft] was 
 derived 

from TFR. Dut wE, hove .to check what the corresponding CBR is. 

For this purpose, w e use the following formulas:-

Ni t= HWA 1(t [1-s i t).u 1 (t).e (tJ]C (t]i ai
 

.[ )t N. (t).ASNFR i t)
 1 *1 	 i 

1000 
CBR(t) = 	 -- T B(t]
 

P~t] 


Let us assume, for purposes of avoiding unwarranted optimism, that
 

the C BR obtained in this way is found to be different from what
 

has been specified as a target. In that case, either the CBR­

target or the TFR target needs to ba revised, or, if that raises
 

other di fficultijs, a way should be found to re-adjust formula
 

(4.12]. 

Th or.otica
Lly, what we nod is a formula which contains a
 

n
trend regulator whose values can be adjusted so as to be
 

consistent not onLy with a TFR target 
but also 	with a CBR target.
 



This can bo considered as cons istcncy condition (d) , to be tagged 

on to conditions b) and (c) already specified above. 

We have davi seJ a formula which is more general than (4.12) 

in the cEns that it contains (4.12) as a specia L cuss but which 

is capable of yielding o thor values also in an attempt to achiave
 

simu LtanoausG conri stency with TFR and C BR targets.
 

T ho new formu a i, 

u i t] = u () + [u[tI-u(O) + R[u OJ-u(Of ...... (4. 13 

whore the t rend-regultorn R can take values between -1 and 

u( t uf tI 
1. In fact, if R =1, then formula (4.13) collapses
 

u(O) u(0)
 

into formula (4.12 ] . 

Tho cons istency condi ti ons (b) and (c] ore satisfied by 

formula (4.13], bocause for any value of R within the spec; fiad 

rangoe, tha average of tha right han I tarms is u[ tL , since the
 

mean of u 0 ) is u 0). Consis tency with TFR is thus retained.
 

However, there is sti i no guarantee that any of the sets 

of values obtai nPd from formulE (4.13] by chooaing Fi will help in
 

achievr no consistency with a given CBR target. What we have
 

go nad is thr.t chance; of a simultaneous consistency with TFR and
 

CBR are increased by uuing (4.13] instead of [4.12 . The
 

situation when R fni Ls to achieve such simultaneous consistency 

wi ll ba examined tater . For the pre ent, we want to explore 

further what R i s cupnble of doing. 

When -1, the formula (4.13] is r educed to 

ui t) u k,t .. .. . .. (4 .1 4 

which mans uniformity of CPF'1 r in a lL the a ge-group . This is 

obviously V Limiting caner hich mey neither be feaaible nor 
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desirable. However, it is usefuL to note that negative values of
 

R represent a shift from an inverted U-shaped distribution of
 

CPR's in tho b %s a year towards a uniform distribution in the
 

target year.
 

W hen R = 0, the u* t I values represent anothar U-shaped 

curve, paralLel to the one depicting base year vaLuus.
 

uc t)I
 
The case of t he other ext rame vaLue R = --- 1 has already 

bean referred to above, since (4.13) than becomes identicaL with
 

(4.12). In this case, each value of CPR in the target year is
 

obtained by muLtiplying the corresponding ba rQ year vatue by tha
 

some number [1+R! . Such a procedure can become unrealistic in the
 

Long run. For example, the highest age-speci fic CPR vatue in
 

1901 was 0.2740 (after adjustment) which would go up to nearly
 

0.74 in the year 2001 by this formula. Such a concentration of
 

effort in any particu Lar age-group calls for a mere weighty
 

justification, based on a recent avaLuatian and not sirm ply
 

because CPR in that age-group was high in thu base year.
 

The upshot of the above reasoning is that if the age­

specific CPR vaLuos, projected by formulas 4.12) or (4.131 fai l 

to achieve simultaneous consistency with TFR and CBR, then the 

direction as wa tt as the content of the entire family planning 

program should be scientifically evaluated. Such an evaLuation 

may be necessary for other reasons as well, but it should, among
 

other things, help in identifying a strategy for bringing about a
 

desired reduction in CBR.
 

On theoretical considerations, we can say that the moot
 

effective way of reducing CBR through contraception in to
 



concentrate attention on those age-groups where ferti lity Is the 

highest. Although we cannot know in advance thii values of ASFR's 

in the targot year, we sti lL hove on option based on age-apecific 

natural ferti li ty rates (ASNFR 's] , since these have been estimated 

by us for the target year, in block 3 step 2 above. 

According to tho ;t&nda rd Co ale-Truasell pattern which we 

have used (with as wull as without modi ficati on] , the ASNFR's are 

the highEst in the aga-groups 20-24 and 25-29. As compared to
 

this, the age-spaci fic CPR-va luos in the base year 1981 wore the 

highest for the age-groups 30-34 and 25-29. This helps us 

understand why the ui (t) values derived from formula [4.12) or 

(4.13] may not be up to tho mark. A pro-rata intensification of
 

effort guided by base year CPu values alone would not attach as 

much importance to age-groups 20-24 and 25-29 as would be 

justified by the highest fe rti lity levels in these a ge-groupe. 

In order to rectify the si tuati ion, we need to introduce a
 

"program reallocati on factor" which can make u (ti a function of 

ASINFRi (t] in such a way that ui (t) can ba particularly increased 

for those ago-groups in which the estimated ASNFR I t] are the 

highest. This may appoar to complicate further the formula forr 

u (t) , but there is ample thtuoretical Justification for this. 

We have devised a "program real Location factor" (P[F], an 

unadjusted form for which is given by the equation 

35 ASNFR (t]-TNFR(t)
 

PRF (t) = ii exp(K x [----------------------- (....4.15] 
10
 

w heare K( can t ake va Lues beat wee n 0 end 1I We h ave toa cLar ify wh y 
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we hnve chosen a function of this typo. 

For each target year, t h function PRF takes on seven 

values, one for each five yearly age-group, starting from 15-19
 

and going up to 45-49. For K=0, all the values of PRF are equal 

to one, ince exp(O) = 1. This means that K=0 represents a 

s ituation wh r!re i,a reallocation of thu program is necas ary. 

When K>O, tho value of PiF i t highest for those ago-groups 

for which ASNFl (t) are tho highest, that i , for ago-groups 20-24 

and 25-29. 

The exprecsion within parentheses, namely 

35 x AS NFR t] - TNFRC t) ...... (4.16) 

is such that its average valuo for the seven ae-groups is zaro
 

because
 

5 ;27- A S NFR t TNFR(t) 

An expression with an average zero value is necessary, 

becaus o the rwise u estimated would averageth the t] thereby not 

out to u[t). In fact, although the average vL'ue uf (4.16) is 

zero, the average value of (4.15) is slightly more than on-a, 

because of the characteristic properties of the exponential 

function. Therefore, the u nadju sted form (4.15] to beJ has 

suitably "deflated"" to achieve the final form 

1 35 ASNFR [t) - TNFR[ tI 

PRFi (t) ...... .exp[K [----------------------] ....... (4.17] 
14D1K 10 

where D is a n "exponential average deflator " and K as wel L as D 

can take values butwen 0 and 1. 

Combining (4.131 and [4.i7], the formula for estimating the age­

specific CPR' s for the target year i s 
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uit] [u (0] + [u(t -u(O]] + R(u (O]-u(ofl] x 

1 35 ASNFR (t) - TMFR(t) 
oxp( K[ -- -- -- ]].....--

1+DK 10 

We have put forth theoretical considerations which mako it 

necessary to introduce threo separate parameters, R, K and D. Tho 

parameters n end K operate through di ffe rent setE of va ri ablaa, 

and their main effect is also on different ago-groups. It would 

bo di f Vicult to achieve through any single parameter (aithor B or 

K or any new one) what tho two together can do. Tho third 

parameter D ensures cons is. acy of tho u vatues with tha overall
 

u. The practical utility of the R-K-D cambin tion wi L be
 

i L lust rated by applying the model to Bangladesh data. 

It has been assumed as a pro-condition for our age-specific
 

model that u(t) has been estimated by the Population Council's
 

aggregate model. It i6 imp lied therefore that any increases of
 

u (t) in selected age-groups are accompanied by eq ivalent
 

slackening of effort in the other age-group. Such a selective 

approach is particularly needed for Bangladesh because the initial
 

acceptors of contraception were mainly those who had already had 

the desired number of child ran. The median age of stich (female] 

acceptors was over 30. In future, the age-groups 20-24 and 25-29 

mill deserve greater attention if fertility reduction targets are 

to be achieved. Many of these acceptors will practice temporary
 

methods of contraception for spacing of births rather than seek
 

bi rth-terminatinon through permanent methods. All such issues 
are
 

symbolically quantified through an R-K-D combination which is also
 

intended to measure the degree of effort involved in bringing 

about the necessary changes in the program. 
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At thi s stago, a graphical description of how R and K 

affect Lhe shap of the u (t) curve by age may fac litate further 

clarification of our argument. For this purpose, wa need not 

consider 0 because its ro e is only for achieving consistency
 

between the ui I t) values and the overall u(t) , and not for 

changing the shape of the u ( tI curve. 

In fi IjJre 4.1, the base-year u [0) values have the shape of 

an inverted U-distribution, with its peak in the age-group 30-34. 

For R=0, the target year ui ( tI valuns are on a higher curve 

which is parallel Lo the base year curve. 

uft) 

For R = ------ 1, each value of u (0] is multiplied by I+R,
 

u (01
 

which means that the highest va lues in the base year attain a new
 

high peak, due to proportionate increase in the target year. Such
 

a new high peak may be' neither necessary nor feasible, but wo 

show it as a limiting case.
 

For R -1, all u t] values become equal.
 

Now, the role of K is to change the shape of the
 

u.[0] curve and tilt it in favour of the age-groups 20-24 and 25­

29 in the target year. Such a transformation in tha shape of the
 

curve cannot be achieved by R, because R takes for granted the
 

shape of the u (0) curve with its peak corresponding to age 30-34.
 

Contrary to this, K favours those a ge-g raupe in which age-specific 

natural ferti lity rates are the highest. Only by such a shift can
 

" e hope to achieve new u 1 (t) values whicI can reduce the number 

of bi rths at a faster rate than would be otherwise possible. Of
 

course, all such shifts have to be within Limits of feasibility,
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which correspond to the ranges 
of parmi saib le values of R and K ir
 

our raodeL.
 

After giving theoretica L 
 ueti fication 
 for our basic
 

formula (4.18] , 
we can now say that step 3 of 
this block consists
 

in applying 
thi o formula to estimate age-specIfic CPR'I for each
 

targot year. Correaponding 
to erch pattern of natural ferti t i ty,
 

an R -K- D combination is selected, through 
a a Lf-devi red computer
 

program, so to
as obtain estimates of and
TF C 8R (as c loase as
 

posibl[e 
to the ta rgetted or commonly accepted values], subject
 

to the overall consistency condition, namely
i that
 

i= 4WRAi [t) x ui [ ti =MWRA(t] x u t]) ......* (4.18)
 

Step 4
 

Estimate births 
to women in each age-group by the formula
 

B t HIYWRAi i 1-a . .o
[ t i u i tt i t ] . C ai ( t AS NF R ."i. it 
 (4 .20)
 

The u (t) estimated 
in step 3 are used as inputs to step 4.
 

Step 5
 

Estimate CBR, ASFR and TFR by 
means of the formulas
 

1000 
CBR --- . 'Y 13 . . . . . . (4.21]

lo
 
p
 

ASFR - i ..... (4.221 

AWRA i 

TFR = 5 7- ASFRi ...... (4.23]
 

Formula (4.22] shows 
that ASFR t) form part of t ie outputs
 

in our model.
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Finally, we con say that our 
formula (4.11] iB Go powerful
 

that it can provide estinntos of ui (t that 
are needed to achieve
 

(by mans o subsequont formuLas 4.20 to 
 4.23 F Imu Ltaneoos
 

cLnsistancy with TFR and CB11 
targots, provided of course 
that the
 

targets themse Ivas a re r asanob lo. In fact, any value 
 of TFRA
 

and/or C B, which is not 
obtained within the stipulated range of
 

values of 
 R, K and D can o considored unrealistic. It goes
 

without saying 
 that only f asible valuac of TFR and CB can be
 

simultaneously fitted 
 to our model 
 which ensures internal
 

consistency by means of formula 
(4.19) .
 

All this wi l be i Llustrated by applying 
 the model to
 

Bangladesh do e in section 5.
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5. APPLICATIO1t TO BANGLADESH AND NEW RESULTS OBTAINED
 

Although tho model presinted in thu previous s ctio n can be
 

theoretical ty ra Levant to any country whore rising ratas of 

contraceptive prevalence are conidered nn important tool for
 

ferti Li ty reduction, thu i nnpiration for building tha model has 

came from a careful rtudy of thu damogra phic situation in 

Bangladesh. Therefore, in thin section we concentrata our 

attention on applying the modal to Bangladesh. 

To start with, we have to selact - base yar for which wa 

have fairly reliable data or estimates raLa ting to the following:­

(a] Total population of the country (P) 

(b) 	 Number of all women (AWRA) , and currently married woman 

(HWRA) , in five year ly age-groups, starting from 15-1S and 

going up :o 45-49;
 

(c) Age-specific contraceptive prevalence rates, and the overall
 

averag rate (CPR c r u) ; 

(d) Age-speci fic average use-effectiveness of contraceptive
 

methods, and the overall average e] ; 

(e) Age-tpecific stari lity correction factors, and the o erall 

overage (s ;
 

(f) Age-specific indices of induced abortion (C 3 and the 
o v e . .......
 

overall index (C )3;
 
0 

(g) A firm estimate of TFR or a reasonabLe TFR target.
 

In addition, i t is useful to have a fairly raliable estimate
 

of the following:­

(h Overall indax of postpartum infecundabi lity which can be
 

derived from average duration of breast feeding (C ).
i 
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At the moment, the obvious choicn for the base year 
is 1881,
 

since the latest population census wac conducted in that year and
 

a contraceptive 
p rove' enc survey (CPS-81 ] was also conducted in 

tho came year. 

Forr purposes of ourr model, 
 we naed ona more input,
 

namely, (iJ Age-specific naturel ferti lity 
pattern, expressed in
 

r Leative terms (Since this is an underlying patterrn, it should be
 

applicable to the base year wal as
as to the tar-got years].
 

So far-, this aspect has not received much attention in
 

Bangladesh end no standard 
 pattern of natural farti lity is
 

commonly accepted for this 
country. For developing countries in
 

general, a standard 
pattern was formulated by Coa e and Truase lL
 

(1974).
 

We have therefore experimented with many possible patterns
 

of natural 
farti lity, and finally chosen the following four:-


Pattern I : Coale-Trussell pattern (without any modification);
 

Pattern II : Coo le-TrusselL pattern, modified for ages over 40;
 

Pattern III : Coo le-Trussel l pattern, modified fnr ages over 40
 

and be low 20;
 

Pattern IV 
: Completely different from Coale-TrusseLl.
 

Since we have a self-devised computer program, we can easily
 

experiment with additional patterns. 
 We have found, however, that
 

the four patternc selected by us provide a fairIy wide choice, and
 

any new pattern is unlikely to make a significant impact on the
 

broad range of results that we have obtained by using Patterns I
 

to IV.
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Corresponding to each pattern of naturaL 
 fertiLity, five
 

main outputs have been obtained for the base year 1981 which are
 

specified 
below a long 	with the relevant formuLas:­

( Agn-s poci fI c natural ferti Li ty rates (AS UFR) 

1 Relative 	 fertility value AWRA
 
ANSFR= - ------------------------
 (TFR target)
 

5 Sum of these values HWRA(1-aua).C
 

a 

Overall u in thP base year is used as an input hare. 

(ii] Births to women in each age-group [B )
 

B i=ASNFR i x married women in age-group (1-a i ai .C .. 5 .2 

Ba e year u i I , are an input for our model, as well as ASNFR 

e timated in the previous step. 

( ii) Age-specific fertility rates (ASFR )
 

0I
B 

ASFR ..... . ( .3]
All woma n in that age group 

B s estimated ir. the previous step are used as an input for 

this step. 

(iv) 	 Estimate of crude birth rate (CBR) 

1000 x total births B 1000 - B 
CBR -- - - - -- - - - - -- -


Total population P P
 

(v) Estimate of tota l ferti li ty TFR)
rata 


1FR (estimate] = 5 -Z ASFR ...... [5.5
 

This estimate could be different from the TFR target used 06
 

an input for step [I) above. However, we have selected the
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ferti lity patterns 
II to IV which1 y io ld TFR eotimates close to TFA
 

ta rget.
 

Appendix tab las A.1 to A.4 summarize the main inputs 
 as
 

we l l as tho main outputs for the base year 1981.
 

The prIma ry purpose of experimonting with different
 

fertility patterns is to s o whether thoir uao (along with other
 

inputs] provtdes a reacon ab le fit to Bangladerhi situation in
 

1981, end if so, which of those putts rns can be expected to yieLd 

the most re liable resu Lts. For this purpose, we compare below the
 

estimates 
 of TFR end CBR given by the four patterns with the
 

cjmmonl y accepted values of these rates for 1981:-


Commonly accepted
 
Pattern I Pattern II 
 Pattern III Pattern IV va ue
 

Estimate 6.42 6.38 6.41 
 6.50 6.3
 

of TFR
 

for 1981
 

C8R 43.68 42.83 42.83 44.21 42.8
 

We find that pattern II provides the best fit, cloeLy
 

followed by pattern III. These patterns 
are modified variants of 

the a tandard Coe le-TrusselL formulation. 

We need not take the view that patterns I and IV ara
 

unsuitable, since the commonly accepted values themselves might be 

subject to a margin of error. 

It seems advisable to on all four
carry with the patterns
 

far each of the tnrgot years, namely 1986, 1991, 1996 and 
2001.
 

However, 
before we do aso, we would like to drew attention to
 

the base year value of the "total natural ferti lity rate" (TNFR
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for which the 	relevant formula is 

TNFR = 5 7 ASNFR 	 ......S N.5.6 

ALL the tab les A.1 to A.4 yield the same value of TNF R for
 

1981, nemoly, 9.3966, which can be rounded to 9.40.
 

Ono final conment may now be mado about the estimates of the
 

various indices for tho base yeor 1901 . In the terminology of the 

Population Counci l,
 

MWRA 
C = Index of 	marriage ---- = 0.84 

m AWRA 

C = Index of 	contraception = 1 - sue = 0.8104
 
c 

C Index of 	induced abortion.
 

TFR
 

- 0.0B49 
TFR + 0.4 (1+uIxTota l abortion rate 

For the index of postpartum infecundab! lity (C there is no 

commonly accepted value for Bangladesh. We therefore suggsa t that 

this index for 1981 shouLd be estimated from the formula 

... . . TFR
 

C =------------------------ = 0.6142
 

15.3xC xC xC
 
Cj C m 

The. number "15.3" In the denominator of the formula for C 

is "total fecundity rate" for which, we have assumed the general
 

value recommended by BDongaarts & Potter (1903), In the absence of
 

any specific estimate for Bang ladesh.
 

Now we can proceed to apply our modal for the target years
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1986, 1991, 
 1996 and 2001. We have devised a separate computer
 

prog ram for thi c purpose, because tho inputs are now different 

from those used for the base year, and the outputs e r aLso 

di fferent. 

For every target yea r, the inputs are the following:­

aA N a t u r a L f o r t i Li t y p a t t a r n ( t h a r a me f o u r p a t t a r n s as u a a d 

fo r 1981] ; 

(b] Total popula cion in thu ta rget year (P ; 

(C] Number of a l l woman (AWRA] as well as currently married 

women (MW11A] in five-yearly age-g roups, starting from 15-19 

and going up to 45-49 (to bo estimated on the assumption
 

that the percentage of cu rr nt ly married wo en to total 

woman in egos 15-49 i slowly going down due to rising age
 

at marriage]. 

(d) TFR target 
 and overa LL CPR or u needed to achieve that 

target as estimated from the a gg regate model; 

(e] Steri lity correction factor (s 
 .
 

Theorotically, the overall stari lity correction factor 

(1.00] haE been deri'ed from the age-speci fic factors on the 

assumption that the underlying natural fertility
a s. pattern is
 

that suggested by Co ae a nd Trussall which ia pattern I 
 in.
 

our model. Simi lar calculat ions made for patterns II to IV
 

in our model yield the overall valuesa s 1.09, 1.09 and
 

1.07. Since thes e values are fai rly close to the standard 

value 1.08, we have not made any adjustment regarding this 

for patterns II to IV. 



J49
 

(f] Usa-effectiveness of cont raceptive methods [a]
 

The overall value of e can buo ssumed to rise from 0.84 In
 

1981 to 0.9 by 1990, end then stay at that Leve l through
 

2001. The a go-,poci fic vaLues in ages below 30 are alight Ly
 

Lowor than those in egos over 30. For each target year,
 

values con sistent with these hove been assumed for
 

incLusion in tha package of inputs.
 

g 	 Age-specific cont recopt ive prevalence rates in the base year 

(u (0 ) as ' well ne the overall v luu in the base year 

(u(O)) . Such values for the base year 1981 are needed as 

inputs for u iing formula (4.18]. 

(h] Trend-reguLator R 

u( t 
R can be a sighed any value between -1 and------ 1. Since 

u(O) 

u[ t) varies for each target year, the upper limit of R also 

varies, for example it is 0.4258 for 1906, 0.9139 for 1991, 

1.3110 for 1996 and 1.6938 for 2001. 

( ] Program re-allocation factor K 

K can be assigned any value between 0 and 1. 

ExponentialxJ average deflator D.
 

D can be assigned any value between 0 and I. In fact, a
 

self-devised computer program helps us in identifying an R-


K-D combination which yie Lda estimates of TFR and CBR close
 

to commonly accepted target values, subject to the
 

consistency condition 

1HWRA .U i HWRA x u 

Corresponding to each pattern of natural fertility, aix main
 

outputs have been obtained for each target year, which are
 

specified below along with the relevant formulas:­
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(1) Ago-epecific natu r LL ferti li ty rates
 

1 RaL tive fertility value 
 AWRA
 
ASNFR = - -----------------------
 - ( TFR ta rget)­

5 sum of these values HWRA(1-suel.C
 

a 
. . . . (5 .7 

Overall u needed to achieve TFR target is an input for our
 

model.
 

ii Age-speci fic cont raceptive 
prevalence rates u 1 (t . 

The re levant formula (4.18) i s al ready given in the previoua 

section. The AStHFfl's obtained as outputs above are used as
 

inputs in this formu l . Another Input here is TNFl which is 

equal to 5 Y ASN'FR. 

Births toi B woman in aech a ge-g roup (B ) 

B ASNFRi x married women in ego-group.. (1-s i u i e i Cao
 

Target year u ' , which are e 
 timated in previouthe step
 

are 
 used as an input for this step. C are the age­
a0
 

specific indices of induced 
abort ion.
 

[iv) Ago-specific fertility rates
 

Since, ASFR =---------the values of B obtained as
 

AWRA 

outputs above are uoed as inputs here. 

i
 

(v) Estimate of Crude birth rate 

7 CBR 
B--0 

[vi] Estimate of Total Ferti Lity Rate (TFR 

TFR (estimato = 5 Y- ASFR
 

This 'istimate could 
be different 
from the TFR target uoed as 

an input for step [ iI above. 

Appendix tab les A.5 to A.20 summarize the main inputs aG 

wet i as the maIn output; for the tar at years 1886, 1881, 1906 and 

2001. 
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At 	 this stago it would be convenient to bring togother ini
 

one 	place all the ectimates of TFR end C13 contained in Tables A.5
 

to 	A.20. This i s presented i n summary Table 5.1
 

Summary Table 5.1
 

Estimates of TFR end COP for 1906, 1991, 1996 and 2001
 

under four variants
 

Natural TFR estimat s 	 C8R estimates
 

far'tility-----------------------

Variant pattern 1986 1991 1996 2001 1986 1991 1996 2001
 

I Co le-Truss all 5.6 4.70 4.16 3.51 40.02 36.92 33.50 30.08
 

II 	Coale-Trussell 5.63 4.71 4.11 3.47 39.38 36.36 33.86 29.42
 

modified for
 

ages over 40
 

III Coala-Truseall 5.64 4.71 4.13 3,50 39.20 36.19 33.91 29.62
 

modi fied for
 

agea over 40 &
 

be low 20
 

IV 	 Completely 5.64 4.71 4.08 3.56 39.75 36.50 34.18 30.18
 

different from
 

Co a La-T rusoaLL
 

Range given by the 5.63 4.70 4.08 3.47 39.20 06.49 33.50 29.42 

highest and - - - - - - - - - - - .-

lowest estimates 5.64 4.71 4.16 3.56 40.02 36.92 34.18 30.J8 

for 	each target year
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rho main concluaions that wo can draw from the above satF
 

of estimates are tha fol lowing:­

- TFR estimates for the yea rs 196 to 2001, which are 

currently used, appear to be reasonablo; 

- CBR estimata for 1986 and 1991, which are currently used, 

see-, to a under-estimates, particularly Vor 1991; 

- CBR estimates for 1996 and 2001, which are Lurrently used, 

appear to be reasonab le. 

A special (and now] feature of our results is that they have 

been obtained by a single, integrated model which takes into 

account inputs like the base year contraceptive prevalence rates 

(but not the target year ASFR's] , end which yields a L L the desired 

outputs including target year contraceptive prevalence rates, 

ASFR's, TFR and CBR. Underlying the model are values of age­

specific nLtu ral fertility rates, expressed in relative terms, in 

respect of which we have experimented with several patterns. The 

fact that our model, with the help of self-devised computer 

programs, can repeat the enti re exercise with u new base year as 

well as with any new pattern of natural ferti lity gives us 

confidence that it can serve as a mere useful too L than the 

Population Counci l's modal, particularly for Bangladesh. 77 

Before concluding this section, we would like to present
 

estimates of tota natural fertility ratesa nd relevant indices
 

for each of the target years:­
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1986 1991 1996 2001
 

Total natural fartility 9.54 9.66 9.87 
 10.03
 
r at e ( T NF 111
 

Index of marreige (C ) 0.835 0.830 0.825 0.820
 

Index of conI ra- (C 3 0.7158 0.6125 0 .5305 0.4528
C" 

opt ion
 

Index of induced(C a 0.9818 0.9772 0. 725 0.9664
 
abortion
 

Index of post- (C] 0.6237 0.6315 0.6450 0.6559
 
partum infocun­

dab i Li ty
 

We mentioned in suction 3 that, by considering the number of
 

births to women in two broad ago-groups, nameLy 15-29 and 30-49,
 

and by referring to thesa as B and B 2, it i s possble to locate
 

graphically where the point (61 ,B is likely to lie. Thia 
 can
 

now be i L L s t rated by referring to the same graph that wa drew in
 

Figure 3.1. We find that values 
of B and B 2 according to the
 

four patterns in 1991 are as shown below:-


Pattern B E
1 2
 

I 2,986 1,199
 

II 2,889 1,233
 

III 2,859 1,243 

IV 2,939 1,198
 

The points (B I B2 corresponding to these values lie on the
 

segment marked CT on the TFR-targ.t line (or in an area adjacent
 

to it) in fig. 3.1. It is clear that the CBR-target line will
 

have to be pushed to the right to achieve consistency with these
 

estimates. Simi Lar graphs can be drawn 
for other years as well.
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6. CONiCLUSION
 

This monograph takes the 
view that, although the Population
 

Counci l' fertility model has many commendable features, 
 it does
 

not, in its present form, adequately moot tho needs 
 of
 

demographers and 
 population planners in Bangladesh. It is now
 

commonly agreed that rising 
rates of contraceptive prevalence have
 

an important role in bringing about a rapid 
decline in fertility
 

in this country. Tho Population Council's model helps in
 

estimating 
 to what level contraceptive prevalence ncadz to be
 

raised in order to achieve a targotted decline in total ferti Lity
 

rate (TFR] . However, the model does not provide a direct answer
 

to on important, related question, namely "haw much 
dacline in the
 

crude birth rate (CBRI can 
be achieved at the same time 
?"
 

A step-motherly treatment given to CBR 
is, in our opinion an
 

unsatisfactory element 
 in the Population Counci l's 
 fertility
 

model. 
 This can be considerad as a shortcoming from the viewpoint
 

of the scope and coverage of the :odel.
 

-. Another shortcoming in methodological in nature. 
 This 


relates to the age-specific 
version in which the age-specific ­

ferti lity rates in the target year ASFR(t) are considered as an 

input (along with other inputs], the output being 
the age-specific 

CPR's or ui (t . Such an approach lessens the usefulness of the
 

model 
for population planners, particularLy in Bang ladesh. Having
 

estimated, from the aggregate model, 
 the overall CPR needed to
 

achieve a TFR target, the planners would like to ask, fi rBtly, 

whether 
there is a unique dist ribution of the Ui (t) failing vhich 

the TFR target cannot be achieved. We have shown in the monograph
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that a fulfi Lmant of the TFR target is not rigidly tied up to any
 

unique distribution of the U tJ . The next questions r i asd by 

the planners would then be, what are the options, and how can
 

these be expressed in terms of the contraceptive method-mix of the
 

fami ly planning program end thn re a tive coverage of the di ffarent
 

sub-groups of the eligible couples defined in terms of age and
 

parity (say, the numbnr of Living children). In th16 p recess,
 

values of ASFR(t) cannot be assumed to be known in advance.
 

A methodological implication of the proceding argument is
 

that, rather than considering ASFFI(t) as an input and U. (t] as an
 

output, both these should be parts of the output. However, a
 

depleted package of inputs (due to non-inc lesion of ASFR(t) has
 

to be mode up in a way which is methodological ly preferable to
 

what has been done in the PopuLation Counci Ls model. We have
 

suggested in this nnogr. ph that age-spaci fic values of natural
 

ferti lity , expressed in re a tive terms as a standard pattern for 

developing countries, should be used (perhaps with same
 

modification) to complete the package of inputs. In fact, the
 

standard pattern formulated by Coale and Trussell (1974] appears 

to be generally suitable for Bang adesh, and it performs even -­

better'when values relating to ages 40 and above are adjusted. We ­

have shown that a revised version of the Population Council's age­

specific model is fully operational when the CoaLa-Trussell
 

pattern of natural ferti Lity (or any other variant) is used as an
 

input, the other inputs being similar in both the cases.
 

A noteworthy feature of our model is that, by introducing a 

revised methodology, we a re able to go beyond the Population 

Counci l's modal in terms of scope and coverage as well. More
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specifically, we establish Linkage between CPR, TFR and CBR. In
 

this way, a direct an d clear answer is provided to the Bangladesh
 

population planners' question relating to CBR (referred to in the
 

fi rst pare of this section) which Lay beyond the immediate scope
 

of the Population Counci l's rnodel.
 

Our model cons ist s of three tags or blocks, namely,
 

I Bose year consistency searching block
 

II Target year aggregate modelling block
 

III Target y; aar age-spoci fic set-estimation block
 

The year 1921 is taken as the bose. year because th a
 

popuLation census as well as a contraceptive prevalence survey was
 

conducted in that year. In Block I, we have experimented with
 

different sets of values of ego-speci fic natural fertility rates
 

which, together with data on numbers of all woman, currently
 

varrid women, and rates of contraceptive prevalence in five­

yearly age-groups, yield estimates of TFR and CBR for the base
 

year. By comparing these estimates of TFR and CBR with the
 

commonly accepted values of these rates for 1981, we can assess
 

whether the assumed pattrn1s of natural farti lity provide a­

reasonable fit to the Bangladshi situation, and if so, which of
 

those patterns can be expected to yield the most reliable
 

resu Lts.
 

After experiment ing with many patterns (with the help of
 

a self-designed computer program], we have seLected the following
 

four sets of values of ago-specific natural fertility rates,
 

expressed in relative terms:­
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Four patterns of natural fertility in relative terms used
 
for consistency checking experimentation
 

Pattern II Pattern III Pattern IV
 

(Cools- (Coale- (completely
 

Age-group of Pattern I Trussel l Truvsel L different
 
currently CCo eLe- modi fied modi fied from Coalo­

married woman TrusselL] for ageas for ages Trussel l
 

over 40) over 40 &
 

below 20)
 

15-19 0.75 0.75 0.65 0.50
 

20-24 1.00 1.00 1.00 0.95
 

25-29 0.94 0.94 0.94 1.00
 

30-34 0.86 0.86 0.86 0.83
 

35-39 0.70 0.70 0.70 0.64
 

40-44 0.36 0.53 0.50 0.20
 

45-49 0.05 0.07 0.065 0.055
 

Estimate of TFR 6.42 6.39 6.41 6.50
 

for 1981 obtained
 

by using the
 
pattern
 

Corresponding 43.68 42.83 42.83 44.21
 

estimate of CBR
 

for 1981
 

Whan we compare these estimates with the commonly accepted
 

values, namely, 6.3 for TFR and 42.8 for CBR for 1981, we find 

that pat Lorn II provides the best fit, closely followed by pattern 

III. Thes patterns are modified variants of the standard CoaLe-


Trussell formulation. We need not take the view that patterns I
 

aned IV are unsuitable, since the commonly accepted values
 

themselves might be subject to a margin of error. Therefore, all
 

computations for the target years (namely, 1986, 1991, 1996 and
 

20013 are made (in BLocks 2 and 3) on the basis of all four
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Block 2 of our modal is the some as the 
aggregate fertility
 

model of the Population CoP,nci I. 
 This is used to estimate the
 

overall rates of contraceptive 
preva Lance that are needed to 

achiove the TFR targots for tho years 191l6, 1991, and
1996 2001. 

These estimates ore 
used as inputs in Block 3.
 

Block 3 of our 
momdel is a modification 
of the ago-specific
 

version of the Population CounciL's 
modeL. We have attempted to
 

remove the deficiencies which 
we pointed 
out fn that modal. For
 

this purpose, we have devised 
a complicated mathematicaL 
 formula
 

containing, inter 
a lia, the folLowing three purametars:­

(a Trnnd-regulato r R 

Generally, a trend-based projection 
of the age-specific
 

contraceptive prevalence 
rates increases each base-year 
value in
 

the szane proportion. H.awver, a trend-regulator R which can be 

assigned 
 values within a certain range, positive as well as 

negative, provides withus options und one the
is of elements
 

enabling us to give a 
 purposive re-orientation 
 to the fami Ly
 

planning program. The 
mathematical formula 
which we have used for
 

R applies 
 varying rates of increase to the base year values - of.-­

age-specific CPR's, the positive values of R favoring higher
 

values of the CPR' s 
while the negative values of R 
 represent a
 

shift from an 
inverted U-shaped distribution of CPR's in the base 

year towards a uniform distribution in the target year. 

(b) Program re-allocation factor K 

We discovered through experimentation that were
there limits
 

to what the trend-regulator R 
could achieve. Therefore a second
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parameter K ha been introducod which can take values between 0
 

and 1, and which helpa in shifting the emphasis of the family
 

planning program towards thosea ge-groupa in which the naturaL
 

fert 	i lity rates are tho highest. In this way, R and K operate
 

through twa different mochanisms and they tugother provide a more
 

powerful tool and a wider degree of choice than any one aof them
 

[or any other single parameter] could over do.
 

(c) 	 Exronantiol average-deflator D
 

In our formulation, the program re-alLocation factor K forms
 

part of an exponential function which ha sevai al desirable
 

prope rties but which also cxerts an upward presssu re on the age­

speci fic CPR' s with the result that their average value might
 

exceed the estimate provided by the aggregate modal. This problem
 

has been taken care of by introducing a deflator D which can be
 

assigned values between 0 and 1 so as to ensure 
that the ea timatad
 

numbers of contraceptive-users in the various age-groups add up to
 

the total users already estimated from the aggregate modal.
 

A computer program that we have devised for Block 3 of our­

model takes as an input the relative values of the natural 

- fertil i ty pattern which we assume to be the same in the base year 

as wa lL as the target years. Other inputs are:­

i 	 Total population in the target year (to be taken from 

population proj ections] ; 

( 	i) Number of a l woman as well as currently married woman in
 

five yearly age-groups, starting from 15-Iq and going up to
 

45-49 (to be estimated on the assumption that the percentage
 

of currently married women to total women in ones 15-4B in
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slowly going down duo to rising ago at marriage;
 

(iii] 	 TFR trgot and overall CPR needed to achieve that target as 

estimated from tho aggregate model ( in BLock 2) ; 

(iv) 	 Sterility corroction factors for five-yearly ago-groups. 

Theoretically, theo factors, together with the underlying 

natural forti Li ty p attern (if it is differont from the 

Coale-Trussall pattorn) shou Ld be checked for consistency 

with the overall sterility correction factor. Our 

cal;uLations with the four patterns give the following 

roeults:-

Stori li ty Overall stori l i t correction factor 
correction corresponding to naturaL ferti Iity 

Age-g 	roup factor patterns 

I II III IV 
15-19 1.02
 

20-24 1.02 	 1.08 1.09 1.09 1.07
 

25-29 1.03 

30-34 1.04
 

35-39 1.12
 

40-44 1.33
 

-45-49 2.08
 

Since thee calculations do not reveal much variation among--'
 

the four patterns, the values of the overall as well as ago­

specific factors suggested by the Population Council can be
 

taken for the base year as well as the target years;
 

v] Use-effectivenes of 	 contraceptive methods for five-yearly
 

agO-groups. Starting from tho base year values of Uo 

effectiveness, which Lie between 0.83 and 0.85, the target 

y aa r v a tu us c an b e a aa urm a d to b a r i si ng a Low Ly t i LI theo y 
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roach 	0.9.
 

(vi) 	 Age-specific contraceptive prevaLence rates and the overall
 

CPR for the bore year. These are mainLy avel table from CPS­

]'Obut a ve been adjusted, as already explained in Block I 

of our modal. 

A noteworthy feature of our modal is that it uaee relat've 

values of the natural fPrti Lity pattern (assumed to be the aeme 

for tie base year as wall as the targ ot year] as an input rather 

than age-speci fic ferti lity rates for the target year.
 

Corrasponding to each pattern of natural fe rti Li ty, the three
 

parameters Fl, K and 0 are assigned values within stipulated ranges 

so as 	to obtain ertimates of ASFR's, age-speci fic CPR' s, TFR and
 

CB R. Our model offers a wide choice, but there a re I imi ts to how 

Low the values of TFR and CBR can be in practice because of the
 

need to retain internal consistency. Total population in the
 

target year is n aded by us as an input for estimating CBR. The
 

Population Council's model does not require thie input because it
 

does 	not make any direct estimate of CB R.
 

- By using four patterns of natural fertility for each of the 

targot years, we obtained, among other thingst the f LLowing 

estimates of TFR and CBR:­
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Summary Table 5.1
 

Estimetes 
of TFR and CBR for 1986, 1991, 1996 and 2001
 

undor four variants
 

Natural 
 TFR actimatos 
 C8R estimates
 
f a rtil 
 y t 


Va riant pattern 1986 1996
1991 2001 1986 1991 1996 2001
 

I CoaLe-Tru salL 5.03 
 4.70 4.16 3.51 40.02 36.92 33.50 30.08
 

II Coala-Truss ILL 5.03 
 4.71 4.11 3.47 39.38 36.36 33.86 29.42
 
modi fiod for
 

ogos over 40
 

III Co Le-Tru aILL 5.64 4.71 4.13 3.50 39.20 36.19 33.91 29.62
 
modified for
 

agas over 40 &
 

be Low 20
 

IV CompLetely 5.64 4.71 3.56
4.08 39.75 36.50 34.18 30.18
 
different from
 
Coo te-Trusoel l
 

Range given by the 5.63 4.70 
 4.08 3.47 39.20 36.19 33.50 29.42
 
-highost- and
 
lowost estimator 
 5.64 4.71 4.16 3.56 40.02 36.92 34.18 30.18 
for-. each target year 
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The main conclusions that we can draw from the above­

mentinonad sets of estimates are tho following:­

(a) 	 TFR estimates for tha years 1986 to 2001, which are
 

currantly used, appear to bo reaonab oL;
 

(b) 	 CBR estimatas for 1286 and 1991, whIch are currently used,
 

saum to be under-estimtes, particularly for 1991 '
 

(c] 	 CBR estimates for 1996 and 2001, which era currently used,
 

appear to ba reasonable.
 

The conclusion (b) cells for further comment. If C$R
 

estimate for 1986 is revised and put in the range "39.2 to 40.0",
 

and the corresponding estimate for 1991 is also revised and put in
 

the range "36. 2 to 36.9", than the population projections
 

themselves may need to be re-examined.
 

From the methodological point of view, our model opena up new
 

poasvbi Li ties for research, for example,
 

(i) 	 The enti re exercisu can be repeated by taking 1985 or 1986
 

as the base year if the CPS-1985/86 provides detailed data
 

significantly different from the trend revealed by CPS-1981 

and CPS-1903.
 

(i i 	 Additional patterns of natural ferti Li ty can alse be tested 

for validity in relation to Bang ladesh data; 

[ i-Ai I 	Greater attention can be devoted to test the validity of
 

commonly accepted values of use-effectiveness of different
 

methods of cant racepti on, and of the sterility correction
 

factors, ago-specific as wel l as overall.
 

[fiv)]-We could examine in greeter detail as to how the results
 



obtained from different patterne are linked not onLy to the 

ago of eLigible women but aLso to thei r parity, and son­

preference, a nd whether they are spacers or imi tars; 

(v) We could also examina whether different types of contiatency 

checks based or unwighted or weighted avarager of age­

specific contraceptive preva Lance rates yield aimi Lar or 

different results; 

(vi) A regression equation between CBR and CPR can be derived,
 

which may be more cui tab le for Bang lodesh than the one given
 

for deveLoping count ries in general, by Nortman (1980] 
 or 

HauLdi n and Soga L f1986)
 

We plan to pursue some of these and other possibi litieo in
 

our next monograph.
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Table A.I
 

Inputs(Natural fertility pattern 1)and
 
the corresponding outputs,1 98l
 

Age MAIN INIPUTS MAIN OUTPUTS 

groups - --------- ...------...-.------.--..--....--­

:Natural CPR :ASNFR :Births to: ASFR
 
fertility 1981 :198 lhoaen in
 

;patternl :age gp.
 

I I I('(000)00 

15-19 0.75 1 0.101 1 0.3025 1 728 0.1755 
. ... . . .. . . I. . I .. . . . .I .. .. .. 

20-24 1 I 0.195 1 0.4033 1 1094 0.2999 1 
II . . . . . . . . . . . . . I 

- -I --- - --------­

25-29 0.94 1 0.256 1 0.3791 1 898 1 0.2738 
i . . . . i I . . . . . 

-- -- :--- - - - ­

30-34 0.86 I 
- - - ­

0.274 0.3468 617 : 0.242
 
I . . . . . . . . i . . . . . 

35-39 0.7 I 0.246 1 0.2833 1 417 1 0.1942 1 
....... I ....1.....I..... I 

40-44 0.36 1 0
0.243 0.1452 1 158 1 0.0863
 
i . . . . . Ii I 

I I . . . . . . I . . . . . . . . . . 

45-49 0.05 1 0.125 : 0.0202 1 151 0.0116 
--------- !........... I--------- ---------- , - - ­ .-- ----
Total 1 4.66 1 0.209 1 1 3928 1 
for age I i 
gp.15-49 1 1 i 

.. . . . . . I . . . I I . . . . .. I . . . 
----- ----- --------- ---------- --------- :------~---

Other outputs CBR I TFR
 
43.68 6,42 

i 



- - - - - - - - - - - - - - - - - - - - - -----------------
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Table A.2
 

Inputs(Natural fertility pattern 11) and
 
the corresponding outputs,1981
 

Age MAIN INPUTS i MAIN OUTPUTS . 
groups - -..--.-...---.-..-: :--------------------

Natural L?R !ASNFR !Births to: ASFR 
Hiertility 1981 !1981 :woaen in 
IpatternIl :age gp. 

II I :('000) 
. .. .. . I . . . . . . I . . . . . I . . . . . . I . . . . . I . . . . 

15-19 1 0,75 : 0.101 0.2906 1 699 1 0.1686
 
-- - - - : - - - - I . . . . . . I . - . . . . . . . . .
 - - - - - - - - - - -..- . 
20-24 
 11 0.195 0.3B75 1 1051 0.2881
 

I . . . . . .I . . . ..I .. . . . .I . . . . . 

25-29 0.94 1 0.256 : 0.3642 863 0.2631 
........-I - ' 
 - - ,
 

30-34 0.86 0.274 : 0.3332 593 0.2325
 

35-39 1 0.7 0.246 1 0.2712 I 401 1 0.1866 

--- -- : -- - - - -I-- - - - - ­- - - - - -:------- ­

40-44 1 0.53 1 0.243 1 0.2054 1 224 1 0.1221
 

45-49 1 0.07 0.125 : 0.0271 1 21 1 0.0157
 

Total I 4.85 0.209 1 3851
 
for age
 
qp.15-49 I
 

I----------- I--------- - --------- I...--- - -
Other outputs CDR 1 TFR 

42.83 : 6.38
 

+4
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Table A.3
 

Inputs(Natural fertility pattern I1) and
 
the corresponding outputs,1981
 

Age MAIN INPUTS i MAIN OUTPUTS
 
groups ' -- - :
 

:Natural CPR :ASNFR :Births to! ASFR i
 
Hertility 1981 :1921 !women in 1
 
IpattErnhll :age gp. 1
 

;('000)
 
. ... . ...
. . . . l :. .. . .. . .. . ..
 

15-19 0.65 I 0.101 1 0.2591 623 1 0.1503
 
. .I. . . . . .--I . . . --- --..I 

-- - - - - - -
I. . . . ---- - .. . .. . I 

20-24 
 1 0.195 1 0.3986 1021 1 0.2964
 
------- :--------
 ------I I 

2J-25 : 0.94 1 0.256 0.3747 88B : 0.2706 

30-34 1 0.86 1 0.274 1 0.3428 610 1 0.2391 1
 

35-39 1 0.7 : 0.246 1 0.279 412 1 0.192 1 

4(-44 1 0.5 1 0.243 1 0.1993 217 1 0.1185 1
 
----- . .. ..:----------. . . . . . I I ---- --- ---- .. . . .- - I . . . . I 

45-9 0.U65 1 0.125 1 0.0259 20 0.015 1
 
. .. .. .II I I I 

Total 1 4.715 1 0.209 1 3851 i 
for age I 
gp.15-49 I I 

---------- I I ....... . ---------
Other outputs CDR TFR 1 

42.83 1 6.41 1 
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Table A.4
 

Inputs(Natural fertility pattern IV)and
 
the corresponding outputs,1981
 
...............................................................
 

Age MAIN INPUTS MAIN OUTPUTS
 

groups 1-7 -- I ......... .... 1
---- --- ......
 
:Natural CPR :ASNFR :Births to: ASFR
 
Hfertility 1981 :1981 :Wosen in
 
:patternIV : :age gp.
 

:('000)
 

15-19 : 0.5 : 0.101 : 0.2251 : 541 : 0.1306
 

20-24 : 0.95 : 0.195 : 0.4276 : 1160 : 0.318
 

25-29 : I : 0.256 : 0.4501 : 1067 : 0.3252
 
.. .. I .. . . . .I I .. . I . . . . . . . . 

30-34 : 0.83 1 0.274 : 0.3736 : 665 1 0.2606 1
 

35-39 : 0.64 : 0.246 : 0.2881 1 426 0.1982
 

40-44 1 0.2 : 0.243 : 0.09 1 98: 0.0535
 

45-49 1 0.055 0.125 0.0248 19: 0.0143
 
. .. ..I . . . ..I .. . . . .I .. . . . I 

Total : ----------- - - - - -7- - -
Total I 4.175 0.209 1 3975 
for age 
gp.15-49 I I 

Other outputs CBR 1 TFR 1
 
44.21 6.5
 

-7 "-1
 
. . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . .
. . . .. . . . . . . . , 



Table A.5
 

Inputs(Natural fertility pattern 1)and the corresponding outputs,1986
 

Age MAIN INPUTS MA]N OUTPUTS 
groups 1----------- '.... 

Matural CPR IASNFR CPR !Births to: ASFR 

:ertility 1921 1986 1 1986 :wozen in 
:pattErnl : lage gp. 

I I (000) 
I I I 

. . . . . . . - - - - - - - - - - - : - -- -- - - -- - - - - - - - ­

15-19 : 0.75 0.101 0.3072 I 0.1423 859 0,1552 
. .. .. I . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

20-24 11 0.195 0.4096 1 0.3103 1125 0.2755 
I I.........
 

25-29 : 0.94 1 0.256 0.385 : 0.3956 801 0.22331 

-- - - - - -- - - r-:-- --- - - -- - - - -- - - - -- -- ­

30-34 0.86 0.274 0.3523 1 0.4073 645 I 0.2003 1 

35-39 1 0.7 0.246 0.2867 1 0.3382 431 1 0.173 1 
-------- II -........I........I 
40-44 1 0.36 0.243 0.1475 1 0.2831 182 :0.0869 1 

.. . . . .. . . . . . . . . . I.. I.. . . . I 

45-49 1 0,05 0.125 0.0205 1 0.1252 1 22 0.0124 
-I . . . . . . . . . I I I I 

.. ... .. I.. . . . . .I .. .. . . . . . .. . . . . 

Total 1 4.66 1 0.209 1 0.298 4064 i 
for age 1 i I 
gp.15-49 I 1 I 

I I I.....I 

Other outputs 1 CDR 1 TFR I 
40.02 : 5.63 1 
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Table A.6
 

Inputs(Natural fertility pattern 11) and the corresponding outputs, 19B6
 

................................................------------------------


Age 1 MAIN INPUTS MAIN OUTPUTS 
groups : ­-- ..........------- - .------------------------­

:Natural CPR :ASIFR 1 CPR ;Births to! ASFR 
:lertility 1981 :1986 1 1986 Iwoten in : 
:patternll
£ 

i 
I I I 

:age gp.
'O 0 

1('000) 
1 

15-19 1 0.75 1 0.101 0.2952 1 0.1412 826 3.1492 1 
I I . . . . . I . . . . . . I . . . . . I . . . . . . - -... . .­

20-24 1 0.195 0.3935 1 0.3075 1085 10.2656 1 
----- !--.- -. .--.-. - - - . .- . .- -. .- - - -. -. .- -- . . . . . . -. .- -.-. - . . .­

25-29 1 0.94 1 0.256 1 0.3699 0.3921 773 10.2157 1
I . . . . I9. . . . . . I . . . . . 

30-34 1 0.86 1 0.274 1 0.3385 1 0.4038 1 623 10.1935 1
 
.. ...9 . . . . . I . . . . .I. . .I . .. . . . I 9 
--- -- : -- - - - - -- - - - -- ­ -


35-39 1 0.7 60.246 1 0.2755 1 0.3356 1 416 10.1668 1
 
.....I . . . . ..I .. . . . .. . .. . I. . . . .1. . . . .I. . . .
 

----- :- - - - - - - - ------


40-44 1 0.53 1 0.243 1 0.2086 1 0.3055 1 247 10.1181 1
 
9 . . . . . . . . . . I . . . . . 9. . . . .. . . . 

45-49 0.07 0.125 1 0.0275 1 0.1259 1 29 10.0167 1
S. .. . . . I . . . . . I . . . . . I . . . . . I . . . . . . . . . 

Total 1 4.85 1 0.209 1 I 0.298 1 3999 1 
for age 1 I I 
gp.15-49 I I I 

. .. .. I . . . . . . I . . . . . I . . .. . . . . .9 . . . . . I . . . . I 

Other outputs I CDR TFR 1 
I 39.38 1 5.63 1 

.............................................. -----------------------­
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Table A.7
 

]nputs(Natural lertility pattern 111) and the corresponding outputs,19B6
 

Age MAIN INPUTS MAIN OUTPUTS
 

groups - '- ---------------------------­
:Natural CPR :ASNFR CPR :Births to: ASFR
 
:fertility 1981 :1986 : 1986 :women in I
 
:patternlul :age gp.
 

('000) 
- I .......- - I------- - - -I 

15-19 0.65 0.101 0.2631 1 0.135 1 741 0.1339
 
. .. ..I .. . . . .. . . . . I I I .. . ' 

- ! 


20-24 
-


I 0.195 : 0.4048 1 0.3099 1 1113 0.2724 1
 . .. ..I .. . . .. . . .. . .I I .. . .. . . . . I.... . . .I 

25-29 0.94 0.256 : 0.3805 : 0.395 : 792 0.221
 

30-34 1 0.86 0.274 : 0.3481 : 0.4063 1 638 0.1983:
I 4. . . . . . . . ... 

---------- I .........
-


35-39 0.7 1 
-

0.246 1 0.2834 0 3369 1 427 :0.1713: 
--------- : ..... I ........... I.-- I I


I I . . . . . . .. 

40-44 1 0.5 : 0.243 1 0.2024 : 0.3014 : 241 1 0.1154 
. . . . i. . . . I I . . . . . _ 

-- - -- -- - - - -i . i -. -. . .-:. - . - . II - - - - - - -. .- -. . I . . . . . I . . . . . I 

45-49 : 0.065 1 0.125 1 a.0263 1 0.125 1 28 0.0159 
.. ..4 . . . . . . I . . . I . . . . I . .. . . . . . I I 

i I ­ -- ---i ----

Total 1 4.715 : 0.209 1 : 0.298 1 3981 1
 

for agele I I I 4 If r a I 
p.15-49 I I I I I 

Other outputs 1 CBR IFR I
 
*39.2 5.64 1
 



Table A.8
 

Inputs(Natural fertility pattern IV)and the corresponding outputs, 1986
 

Age MAIN INPUTS MAIN OUTPUTS
 
groups - I -


INatural 
 CPR :ASNFR CPR :Births tol ASFR
 
Ifertility 1981 :1986 1986 1wozen in
 
:patternlV I lage gp.
 

I I ( 0 0I I W'000). . ..- .. .. .. .-. -. ­--. -.- .- . . -.. ..- ..-. :-- - - - ---.--.---... 
15-19 1 0.5 0.101 1 0.2286 0.1279 1 649 10.1171 

. . .. .. .. . . .I. . . . .I .. . . . .I . . . . I . . . ..I .. .. . 

20-24 0.95 1 0.195 1 0.4313 1 0.311 1192 10.2918
 
-------- :-------- --
- - - ..........-- - - .. ....--...-- - - .. .
 -- -...--.. 


25-29 I 0.256 1 
0.4572 1 0.4188 I 920 10.2566
 ..........:--- ------ - - - ..........
L -- ---------- ---.. - . ...
 -.--.. ...--..--.. 


30-34 
 1 0.83 1 0.274 1 0.3795 1 0.4109 691 10.2146 1 

35-39 1 0.64 '0.246 1 0.2926 1 0.3347 1 442 1 0.1774 1 ... .. I . . . . . I . . . ..I .. . . . .I . . . ..I . . . ..I .. . .. 

40-44 0.21 0.2431 0.09141 0.2639 116 0.0557 
I I I I . . . ..I . . . ..I.. . .. 

45-49 
. ... .I 

0.055 1 0.125 1 0.0251 1 0.1261
I . . . . I .. . . . .I .. . . . 

1 27 1 0.01521 
I 

Total 1 4.175 1 0.209 11 0.298 4037 1 
for age 1 I i i1 1 
gp.15-49 I 

. .. .. I . . . . 
i 

. . I 
I 
I . . . . . 

I 
. I . . . 

I 
. . I . . . 

i 
. . I . . . . . 

Other outputs I CDR I TFR 
1 39.75 1 5.64 

.....................-------------------------­
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Table A.9
 

Inputs(Natural fertility pattern 1)and the corresponding outputs,1991 

................................................------------------------


Age 1 MAIN INPUTS MAIN OUTPUTS i
 
groups - --------- - ---------------------------­

:Natural CPR :ASHIFR CPR :Births to: ASFR
 
Hertility 1981 11991 1991 :woaen in
 
:patternl :age gp. 1
 

('000)
 

15-19 1 0.75 0.101 1 0.311 0.204 949 10.1354 1
 
-- - -- : - - - - - - - - - - - - - - - - ­ - - - - - - - - - : - - - ­

20-24 1 0.195 0.4147 1 0.4237 1293 1 0.2369 : 
--------- I. - I -- ­-- ......... I ------ ­
25-29 0.94 0.256 0.3098 0.5309 744 1 0.105 
---------:----------- - ----------I---------I -------­
30-34 0.86 0.274 0.3566 0.5432 : 547 :0.1554 

35-39 0.7 0.246 0.2903 0.4509 448 0.1421 1

I ------- - I .........- ......... I ........ 


40-44 1 0.36 0.243 0.1493 0.3732 1 180 1 0.074
 
... .. i .. .. .. . I I .. . .. 

45-49 0.05 0.125 0.0207 1 0.1712 24 0.012
 
. .. ..I .. . . . .- -. . . . I .. . . . .I . . . ..I I 

Total : 4.66 1 0.209 1 i 0.4 1 4185 
for age 1 
gp.15-49 I 

. . . .l. . I . . . I .... .. ..I . . . . .l.I . .. .. . . . . . 

Other outputs I CBR 1 TFR
 

1 36.92 1 4.7 1 



----------------------------------------------

------------------------------------------

Table A.10
 

Inputs(Natural fertility pattern I])and the corresponding outputs, 1991
 

Age MAI INPUTS MAIN OUTPUTS 
groups -----------

:Natural 

:fertility 

:patternll 

cP 

1981 

: 
:ASNFR 

:1991 

:........................... 
CPR !Births to: ASFR 
1991 women in1 

:age gp. 

I I 0.75H(000) I * O0 ) 

15-19 0.75 0.101 0.2988 0.2059 910 0.1298 

20-24 : 1 0.195 
 0.3984 0.4179 : 1253 :0.2296 
- -- -I-II I ... ... I... ..... . .. ..- . . .. ...
 

25-29 0.94 0.256 : 0.3745 0.5227 725 0.1804
 

30-34 0.86 0.274 
 0.3427 1 0.5358 533 0.1514 

35-39 1 0.7 1 "0.246 0.2789 : 0.4479 433 0.1373 

40-44 : 0.53 0.243 : 0.2112 : 0.4075 : 
 235 0.0969
 . ....I.. . . . . .. . . . .I.. . . . .I... . . .I. . . ..I . . . . 

45-49 0.07 : 0.125 0.0279 0.1778 1 32 0.0159
 
I . ... ...I .. . . . .I. . . ..I. . . ..I.. .. . 

Total : 4.85 0.209 1 
 0.4 : 4122 1
 
for age : : : :
 

gp4 15 I I I I
9p.15-49 iii I
 
I. . . . . . . . . . .I.. . . . .I. . . ..I. . . ..I.. .. .
 

Other outputs I CDR 1 IFR 1
 
1 39.36 1 4.71 1
 



-----------------------------------------------

--- -- -- -- 

- - - -- - - - - --- - - -

--

---------
-------

-- - - - - -- - - - -- - -- - -- -

-----------------------------------------------

Table A.11
 

Inputs(Natural fertility pattern 111) and the corresponding outputs,1991
 

Age IMAIN INPUTS IAIN OUTPUTS 
groups -------------------------­

:Natural CPR C :Births ASFR:ASNFR EPR to: 1 
Hertility 1981 :1991 1991 :woten in : i
 
IpatternIll !age gp. 1
 

SI I I I(' 00 ' IW(000) 
. .. .. I . .. . . .i~~~. . . . . I I. ..--- - ------ ------ ---- -- - - - --------- ,-


I,-19 I 0.65 0.101 0.2664 0.199 818 0.1166. . . . i I . . i I. . . _ 

...... I ........

20-24 

-

1 0.195 0.4099 1 0,4157 1 1293 0.2369 
- - - -- - - - - - - - - - - - - - . . -. - . . .- - . . -. .-.. 

25-29 : 0.94 0.256 0.3853 0.5217 747 0.1859 
. .. .. I . . . . . . ii . . . . I I I _ I 

-
 - . . . . . . . ---- -- --- --- -- ­

30-34 1 0.86 0.274 0.3525 0.5373 547 0.1553 1 
---------I ----------- ­.........
II - --------------- - II . . . I a . . . 

35-39 1 0.7 0.246 1 0.2869 0.4533 440 0.1399 1 
. . . . . i . . . . . a . . . . I . . . . . I . . . . i 

I --- - I I --- -------­
40-44 

---

: 0.5 0.243 0.2049 0.4111 : 226 0.0932:I I . . . . . I 
:- ---------
 - I ---------


45-49 : 0.065 0.125 1 0.0266 : 0.1862 1 
----

30 : 0.0148 I 
.........- :- I --------- - ---------: --- :
 

Total 1 4.715 0.209 1 1 0.4 1 4102 i 
for age I : :gp.15-49 : a a a I £ 

.. . .. .. . . . . . . . . . I . . . . . . I . . . . . I . . . . . I . . . . . I 

-- - --------- -a 

Other outputs 1 CBR 1 TFR
 
1 36.19 I 4.71 I 



------------------------------------------------

- - - - - - - - -

-----------------------------------------------

Table A.12
 

lnputs(Natural fertility pattern IV)and the corresponding outputs, 1991
 

Age IAIN INPUTS MAIN OUTPUTS 
groups - --------- - ---------------------------­

:11atural : CPR :ASNfiR CPR :Births to: ASFR 
fertility 1981 !1991 1991 :woren in 
patternlV : :age op. £ 

:('000)
 

15-19 : 0.5 : 0.101 : 0.2314 : 0.195 : 714 :0.1018 
--- -- : - - - - - ­ - - - - - - - - : - - - - - - ­

20-24 : 0.95 : 0.195 : 0.4397 I 0.4218 : 1375 0.25191 
---------:..........-I --------I ---------I --------- - ........
 

25-29 I : 0.256 : 0.4629 : 0.5513 851 : 0.2116 

-- -- -- - - : --- - - - - - - - --
 - - - - -- - - :--- - ­

30-34 : 0.83 : 0.274 : 0.3842 : 0.54 593 1 
-

0.1685 
­

35-39 i 0.64 
:. 0.246 1 0.2962 1 0.4464 1 461 : 0.1463 1 

40-44 : 0.2 : 0.243 : 0.0926 : 0.35 115 0.0475 

-- -- -

45-49 
--

1 
I 

- I- - - --

0.055 : 
- - -

0.125 
--

: 
I 

- - - - -- - - -

0.0255 : 0.1867 
I 

-

I 

- - -- - - - -

29: 0.0141 
. .. . 

Total 1 4.175 0.2091 I 0.4 4137 i 

for age : : .1 
gp.15-49 1 

. . .. .I 
1 
I 

: 
I 

I 
II . . . . 

Other outputs CBR 1 TFR 
36.5 I 4.71 1 



Table A.13 

InputslNatural fertility pattern 1)and the corresponding outputs, 1996
 

Age fMN INPUTS MAIN OUTPUTSgroups - . .. . . ­

:Natural CPR :ASNFR 1 CFR :Births tol ASFR 
Ifertilit, 1981 :1996 1996 !woren in 
:pattErnl :age qp. 

:('000)
 
. . .I. . . . . . . . , I I I 

15-19 , 0.75 0.101 0.3176 0.3859 682 0.0991 
.. . . . . - . . . - . - - - I . . . - - . . . I . . --. - - - . - - - . .- - - . - . . - . - . I - - - - - .- . . I -. . .- - ­

20-24 1 
 0.195 0.4235 1 0.5562 1264 0.1827
 
......... ---- - - -- ------- I I I........
-


25-29 C.94 
 0.256 0.1981 0.5809 915 0.1701
II . . . . . . . . . . .I . . . ..I .. . . . .. . . .
 

30-34 0.86 0.274 0.3642 1 0.5584 624 1 0.1577 
... . . .. . . . . I . . . . . . . . . .i I I 

35-39 0.7 0.246 0.2964 1 0.4708 467 0.1353 
. . . . . . . . . . . . I . . . . . . . . . iI I 

- - - ---- - -. ­ . . . .. . . . . . . . . . . . . 

40-44 0.36 0.243 0.1525 0.3552 238 1 0.0775
 
. ... . .
. . . .. . . .. . . . .. . . .I . . . ..I I .. .. . 

45-49 0.05 0.125 0.0212 0.2279 25 0.0105
 
.. .. .. . .. . . . . . . .. . . .. . . I I I . . . . 

Total 4.66 0.209 0.483 1 4215 i 
for age i 
gp.15-49 Ii 

IIII . . . . . I . . . . . I . . . . . 

Other outputs I CDR I TFR 1
 
1 33.5 1 4.16 

...................................................--------------------­



----- ----- ---- ----------------- ------

Table A.14
 

Inputs(Natural {ertility pattern 11) and the corresponding outputs, 1996
 

Age i MAIlN INPUTS MAIN OUTPUTS
 
groups 1----------- - ----------.............................
 

:Natural CPR :ASNFR CPR :Births to: ASFR
 
Ifertility 1981 :19% 1996 women in
 
Ipatternll :age qp.
 

(000)
 

15-19 1 0.75 0.101 0.3052 0.3169 720 0.1045 1 

20-24 1 0.195 0.4069 0.4726 1405 0.2031
 

25-29 0.94 0.256 0.3825 0.5614 914 0.1699
 
. .... .. .. . . .. . . .. . . .. . . I I . .. .
 

30-34 1 0.86 0.274 C.3499 0.5821 1 571 10.1445
 

35-39 1 0.7 0.246 0.2848 0.5278 I 400 0.11581
 
. .. . . . . . . . . . . . . . . . . . . . . I . . . . .
 

40-44 1 0.53 0.243 0.2157 1 0.5109 1 228 0.0741
 

45-49 1 0.07 0.125 0.0285 0.3199 1 23 10.0099
 
- .- - - -.
------ --:-----------. -------- .--------- .-.--- ----- .--- - ...-......
 

Total 4.85 0.209 1 0.483 1 4260 1
 
for age 1 1 1
 
gp.15-49 1 1 I
 

Other outputs 1 CBR 1 TFR 1
 
1 33.856 4.11
 

74
 



-----------------------------------------------

----------- --------- ---- ---- - - - --- - - - -

- - - - - - - - - -

-- -- - -- -- -

-----------------------------------------------

Table A.15
 

Inputs(Natural fertility pattern Il1and the corresponding outputs, 1996
 

Age 	 I MAIN INFUTS MAIN OUTPUTS
 
groups 	 :-7 --------- - ---------- :----------------------------


UNatural CPR ISNFR CPR :Births to: ASFR
 
Hertility 1981 :1996 : 1996 :women in
 
:patternlll !age gp.
 

'000)
 

15-19 0.65 : 0.101 1 0.2721 : 0.3127 : 645 0.0937 

........ ............. I- ---------- I--------- I-------.--­
20-24 I : 0.195 : 0.4185 : 0.4738 : 1443 :0,20B5 1 

.. ... I I .. . . . .I .. . . . . . . .. . .. ..i 

25-29 0.94 : 0.256 1 0.3934 : 0.5627 937 :0.1743 

--- -- : --	 - - - - -- - - - -- - - - - - --


30-34 0.86 : 0.274 0.3599 1 0.5832 : 586 : 0.1483: 
.. .... * . . . . . I - - . . . I .. . . . . I . . . . I .. . .. .I . . . . 

-
- - - - - I - - - - - - - - -- I- - - ­

35-39 
-

0.7 0.246 1 0.293 : 0.5285 : 410 i 0.1189: 
II . . . . .I .. . . . .I . . . ..I . . . ..I . . . . 

40-44 	 : 0.5 0.243 0.2093 : 0.509: 222 : 0.0723: 

45-49 	 1 0.065 0.125 0.0272 I 0.3193 : 22 1 0.0094 : 
I . . . . . .I . . . ..I .. . . . .I . . . ..I . . . ..I . . . . 

Total I 4.715 0.209 1 1 0.483: 4266 1 
for age : 
gp.15-49 : 1 1 1 

. ....I . . . . ..I . . . ..I .. . . . .I . . . ..I . . . ..I .. . .. I 

Other outputs I CBR TFR 1
 

1 33.91 1 4.13 1 



------ -------- ---------- --------- --------- --------

Table A.16
 

]nputs(Natural fertility pa:.ern IV)and the corresponding outputs, 1996
 

.........................................................................
 

Age MAIN INPUTS MAIN OUTPUTS
 

groups -. - - .- ---------------------------­
:NaturaI L R :ASNFR DFR :Births to: ASFR 
Hertility 1921 :1996 1996 :women in : 
:patternlv I :age gp. : 

I a a I('000) 1 

15-IY 0.5 0.101 0.2363 1 0.2472 : 608 :0.0883 
. I . .I. . I . a . .. . . . . . .. .. a.. . . . . . . a.. 

20-24 0.95 0.195 1 0.449 1 0.4781 1 1537 :0.2221 
. . . .. . . . . . . .I . . . . I . . . . . . I I I . . . . . 

25-29 1 1 0.256 0.4727 0.6149 1012 0.1882
 

30-34 : 0.83 0.274 0.3923 1 0.6228 : 587 :0.1485 
. . . . .. .a . . .. . . .. .. . I.. . . . . . . . a . .. . a.. ..
 

35-39 0.64 0.246 0.3025 1 0.5364 417 0.1207
 
---------:----------- --..- .-..- ------- - - - - - - - --- - - .
- - - - - - - - - - ---. 

40-44 : 0.2 0.243 0.0945 1 0.4689 113 0.0367: 

45-49 1 0.055 0.125 : 0.026 : 0.2573 1 27 0.0116 

Total 1 4.175 0.709 I 0.483 1 4300 1 
for age a a a a a 

gp.15-49 a a I a I 

Other outputs 1 CDR 1 TFR 1 

a 34.18 1 4.08 



----------------------------------------------

-- -- -- -- - - -- - - -- ---- - - -- - -

---------- 

---------
-- - -

--- --------

------------------ ----------------------------

Table A.17
 

Inputs(Natural fertility pattern I)and the corresponding outputs, 2001
 

Age MAIN INPUTS 
 MAIN OUTPUTS
 
groups 
 ............
-
:Natural CPR :ASNFR ICPR 2Births to! ASFR
 

'fertility 
 1981 :2001 1 2001 :women in 

Ipatterni 
 !
lage gp.


i I : IW000)
 

15-19 1 0.751 0.101 
 0.323 : 0.3607 1 671 0.097
 

2u-24 
 I : 0.195 1 0.4306 : 0.5363 : 1299 : 0.191 1
 

25-29 
 0.94 0.256 0.4048 1 0.6429 : .... . 975 :0.1429:
. . . . . . I.. I .
 . . . . . . . . .I. . . . .I. . . .
 
30-34 : 0.86 
 0.274 1 0.3704 : 0.671 : 
 661 :0.1249:
 

35-39 0.7 1----------- ---- ---­: --------0.246 
1 -----------
0.3015 :-0.6138- 397-------­:0.1024
 
. . . .. . . I .. . . . . .I .. . . . . i. . . . .I . . . . . i. . . . 
---- - -:-- ­ -
 -


-
40-44 1 0.36 0.243 1 - -----
0.155 
--

: 0.5931 : 130 :0.0386
 
I ----------- -----I ---------45-49 0.05 I
: 0.125 0.021 - ­0 0.3823 : :0.0052 :
 

.. . .. .I. . . . ..I. . . ..I. . . . .
 . . . . . . . . . . .
 .
~~~
- - - : - -- ­
-
Total - -------­4.66 

- - - ­

for age : 
- -

: 0.209 :: :: 0.563 
-

:: 4149 :1
 

gp.15-49 1 
 : :
 
-....
...I---------I 
 Z.... - ---------


Other outputs 1 CDR : TFR 1
 
30.08 1 3.51 1
 



Table A.18
 

Inputs(Natural fertility pattern IT)and the corresponding outputs, 2001
 

Age MAIN INPUTS MAIN OUTPUTS
 

groups - - -------- - - - . - --- - - .. . . .
- - - . - - - - - - - - . .. ..

Natural CPR !ASNFR CF' : Births to: ASFR 
:fertility 1981 12001 2001 :wosen in 1 
:patternll :age gp. 

I I{'O00) H 1000) I 

- - - -I ---------- I-........ 
15-19 0.75 0.101 0.3103 1 0.3605 645 0.0932 1 

20-24 I 0.195 0.4138 1 0.5336 : 1254 0.1844 1 
. .. ..I .. . . .. . . .. . I.. .. . . . .. . . .. . . 

25-29 : 0.94 0.256 0.3989 0.6404 942 0.1381 
- .- - .. - - -.- . .- - - - - ­---- : -..-.. - ...- --..- -.- -..- .-.. - --- --- - -­

30-34 : 0.86 0.274 0.3558 0.6693 1 638 :0.1205: 
.... .... I.. . . ..I .. .. .. . . . . . . . . . . . . . . . . . . .I .
 

35-39 0.7: 0.246 0.2B96 0.614 1 381 :0.0983:
 
I I .. .. .. I I . . . . 

40-44 1 0.53 0.243: 0.2193 0.6027 1 177 : 0.0524
 
.. .I .. . . . .. . . .. . . . .. . . . .. . . . I. . . . . . I .. . . .I 

--- -- - - - - - - I - - - - - - - - - - - - - - - - - - - - ­

45-49 1 0.07 1 0.125 1 0.029 0.3272 i 
---

20 : 0.0068: 
------- . I.........-I........ I 

Total 1 4.25 : 0.209 1 0.563 1 4057 1 i 
forace : : 1 I
gp.15-49 I 
 I I I 

.. .. . I . . . . . I .. . .. . . .. . .. . . .. . .I . . . . . I .. .. . 

Other outputs 1 CBR I TFR I
 
1 29.42 1 3.47 1
 

------------------------------------------------------- I)
 



-----------------------------------------------

Table A.19
 

Inputs (Natural fertility pattern II1)nd the corresponding outputs, 2001
 

Age I MAIN INPUTS i MAIN OUTPUTS 
groups ! .... -- ... .... :­

fiaturai CPH :ASNFR CFR :Births to: ASFR 1 
Hertility 1981 :2001 2001 :women in 1 
!patternlll 
 :age gp.
SIW000) 

15-19 0.65 0.101 
1 0.2767 1 0.3702 567 1 0.082
 

20-24 1 0.195 0.4256 0.5345 : 1288 0.1894 
. .. . . I . . . . . . . . . . . I I . . . . I . . . . . I I 

-
 : 


25-29 0.94 : 0.256 0.4001 0.L355 980 
-

0.1436 
----- -I . I . . . . .I . . . . . . . . . . . I 

30-34 : 0.86 : 0.274 : 0.366 1 0.6634 666 :0.1257 
------ - - - - - ------- .--. . .- -. .- . . . . .-.- . . .. . . 

35-39 1 0.7 : 0.246 0.2979 1 0.6121 394 :0.1016 1
 

40-44 0.5 : 0.243 1 0.212B 1 0.6017 72 : 0.0511 

45-49 1 0.065 : 0.125 , 0.0277 0.3995 18 0.0059 
. I I I .0 5 

Total 1 4.715 1 0.209 1 1 0.563 1 4085 1 
for age 1 : 
gp.15-49 1 1 

I I - - ­ - ­ - - ­ -I . . . I . . . -I . . I -I . . . . . i . . . . I . I . . . . I . I 

Other outputs 1 CBR TTFR 1 
1 29.62 1 3.5 1 

..............................................------------------------­



- -

- ----------------------------------------------

Table A.20
 

Inputs(Natural fertility pattern IV)and the corresponding outputs, 2001
 

........................................................................
 

Age MAIN INPUTS MAIN OUTPUTS I 
groups - - - 1­

:Natural : C !irths tol ASFRCPR IASNFR CPR 
Hertility 1981 :2001 2001 lwoefl in 
:patternlV i :age gp. 

; I I I ( ' 0 I IW000) 
IIIII . . . . I . . . .. I 

15-19 
 0.5 1 0.101 0.2403 0.4002 472 1 0.0682 
.. I . . .. .. . . . . . . . . . . . . . . . . . I 
- -- - -I : 
 . ........ I
 

20-24 : 0.95 I 0.195 0.4566 0.5804 I 1268 1 0.1864 1 
. . . . .i . . . . . . I . . . . . . . . . . I II I 

25-29 : 1 : 0.256 0.4807 1 0.6659 : 1057 :0.1607 
I " I I .... 

30-34 0.83 1 0.274 I 0.399 1 0.65 749 1 0.1416 1 
.. . .. . .I . . . ..I I I I - I 

. ­

35-39 0.64 1 0.246 : 0.3076 0.579 1 442 10.1141 1 
I I I I . . . I 

- - - -I --------- ..........- I 
 - I ........ 


40-44 0.2 1 0.243 1 0.0961 1 0.4965 1113 :0.0335 1
 
.............
 I I ' .. ...... 

45-49 0.055 0.125 0.0264 0.3663 21 0.0071 I 
. . . . . , .I . . I. I 

III ... i .... ..........
 

Total 4.175 0.209 1 : 0.563 1 4162 1
 
for age : . : - i
 
gp.15-49-1 i
 

........-I ----.--- -- ----- --- I I II ' I I . . . . I . . . . . I . . . . . I 

Other outputs CBR TFR I 
. 30.18 1 3.56 
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