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1. Introduction

i he scarcity of family planning resources in developing countries

[ uil researchers to suggest the use of operations research tech-
I Lo allocate these resources in order to optimize the objectives

I births (or maximizing averted births) given the resources or
Winimizing costs given target birth rates. Essentially, a family
Il program can be regarded as a production problem with its
Wy activities as inputs and averted births as output. This makes it
{0 formulate the family planning program as a resource alloca-
Iu_prnblem. Consequently, the mathematical programming model
hwen suggested as the appropriate model to use.

{ Ithough nonlinear programming models have been proposed
}_('h)uld and Magazine (1971), the resource allocation models
| have been developed for existing family planning programs
“maur. Resource modelling for family planning is fairly recent
:” ke suggested it in 1970) and initial attempts at modelling
lly begin with the linear case. Also, linear programming has
Il Miccessful in solving other resource allocation problems.

I'his paper looks at linear programming (LP) models that have
\ developed for specific family planning programs and suggests
Wlifications that could (a) give averted births more accurately
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averted births is important for policy making while model §
reduction could mean savings in computational expenses. |

2. Review of Existing LP Models for
Family Planning Resource Allocation

Early resource allocation modelling for family planning W
mostly theoretical discussions on the applicability of the mill
matical programming model to the family planning program. R.
(1970) presents a simple hypothetical static model which illusty
the formulation of a two-contraceptive method family plan
program into a linear programming problem. His model max "
averted births subject to cost and maximum acceptance constril
Correa and Beasley (1971) give a basic static model whose obje(
is to maximize prevented pregnancies subject to a cost constrl
Several modifications of this basic model are presented to show|
nondemographic objectives can be incorporated in the model. “f_;
models do not include physical resource (manpower, mater
constraints and do not discuss the estimation of the param
of the model. {l

Going beyond these theoretical considerations, Lawyl
Mundigo, and ReVelle (1972) developed a linear programming |:'|'
of resource allocation specifically adapted to the Honduras natl
family planning program. This model is simple in the sensn:
it involves only one contraceptive method (pills). But it has $e
important features that make it a workable model. First, il
dynamic model which includes changes in demographic varii
such as age and fertility of the women of reproductive age

the model is intended to be used for planning horizons that extend b
fifteen years, the number of females that enter the reproductive group
important variable in the model.
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imodel, therefore, can evaluate the feasibility of program targets
Wi the projected resources and if these targets are feasible, the
Wlel pives the optimal strategy for achieving those targets.

Willding on this model, Lawrence and Mundigo (1975) developed
iher model that incorporates the features of the Honduras model
neludes two contraceptive methods (pills and IUDs), the parity
yomen of reproductive age, and switching to another method.
§ inodel was adapted to fit the national family planning program
\h Dominican Republic.

Hollowing these models, a similar model for the Philippine

) that was specifically designed to evaluate the S-year popu-
I program of the Population Commission. It has the essential
lires of the Dominican Republic model although it includes
I. Wontraceptive methods (pills, IUDs, rhythm, condom, sterili-
). Because the planning horizon is less than 15 years, the
Wles born during the planning period would not enter the repro-
o age group; hence, they will not affect the fertility of the
i under consideration. Consequently, the decision variables
| Were total births. A new feature of the model is the elimination
e crude birth rate constraint. Both the Honduran and the
flean Republic model contain a crude birth rate constraint
Bl states that the crude birth rate at the end of the planning
i is less than or equal to a specified target crude birth rate.
| piesence of this constraint implies that if the target cannot be
@il with the given resources, the LP will simply give no feasible
\ it wi_lhou_t any guide as to what can be achieved by those
W ftes. On the other hand, the absence of the crude birth rate
iuint leaves an LP that has an optimal solution from which the
il crude birth rates achievable by the available resources can
ibimputed. Hence, two things are accomplished: (a) the crude
| fules achievable by the given resources are determined and
gie achievable crude birth rates can indicate to the decision-
| how far he is from his targets.

3. The Objective Function

Wilking Births or Minimizing Costs?

|Ir implementable models discussed in Section 2 minimize
I over a planning horizon. This objective function was criticized
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by Haran (1979) who claims that “‘in the context of a family |
ning program in a developing country, it would seem more apy
priate to minimize the total cost of the program subject to ¢
straints on desired levels of birth rate so that the feasibilily
achieving the targeted birth rate as well as the minimum co f
quired to achieve such a reduction in birth rate can be evalug o
Haran’s choice of the objective function is a legitimate one buf
appropriate for many developing countries. In many of these ;ll
tries, birth rates are very high and financial resources are very 1
The desired birth rates are so far from the existing birth rates |
resources are exhausted before the desired birth rates are achi ”
Consequently, one’s objective i$ simply to maximize the ouly
(fertility reduction) with the limited resources. '

If the desired birth rate is not far from the existing birth “
and hence, is achievable, then cost minimization becomes an app
priate objective. This happens when the family planning program |
already made substantial progress that the actual birth rate is
been achieved, one would want to determine the minimum cost u!ﬁ
would sustain it.

Minimizing Births or Maximizing Averted Births?

Conceptually, minimizing births is equivalent to maximiz
averted births. The Honduras, Dominican Republic, and the Ph
pine models have birth minimization as the objective function. V
suggest, however, that averted birth maximization has several advi
tages. |

First, we note that when viewed as a production problem, th
number of averted births is the output of the program. In fi acl
averted births per money unit (or the cost of an averted birtli

planning program. In the birth minimization model, this informatio
is given by the dual problem. We claim, however, that the averted
births per money unit given by the dual problem underestimates thi
actual value. This can be seen by means of a simple example. ‘

Consider a one-period two-method model that minimizes birth
subject to a budget constraint: '

Primal Problem: Minimize BN + B, X; + By X, (1)
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subject to X + X, < 2)

N+X +X,=w (3)
N » X 1: X 72 é 0
\fly, = proportion of noncontraceptors who bear a child in
one period,
N = number of noncontraceptors,
fu = proportion of method m contraceptors who bear a

child in one period, m = 1, 2,

X,, = number of method m contraceptors, m = 1,2,

= cost of providing service to a method m contraceptor
in one period, m = 1, 2,

= budget for the period,

= number of women under consideration.

lo that the equality constraint is an accounting identity which is
Muded to preclude obtaining the trivial optimal solution N =

ikl Problem: Maximize  bY, + w¥2 4)
subject to Y2 £ Bo )

¥ + Y, 26 (6)

o Tl £ = B, (@)

Y =0, Y, free.

We note that the primal problem has a feasible solution N =
), X, = X, = 0 and since its objective function is bounded below
iy zero it has an optimal solution (N*, X T X,). It follows from the
Dunlity Theorem (Bradley et al. [1977]) that the dual problem has an

ptimal solution (Y7, ¥7) that satisfies
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BoN* + By X} +B, X3 =bY )+ wlTs

Since the primal objective function denotes births, then each!
on the right hand side of (8) denotes births. The variable Y"’ |
therefore, be expressed in' births per money unit, while ¥ mu
expressed in births per woman. If we assume that there is at least
noncontraceptor, ie., N* > 0, then the first dual constral
binding, i.e., Y, = B,. Therefore, wY,' = wp,, the number of bl
from all women under consideration in the absence of contracepil
Hence,

bYF = —Bow+BoN*+By Xi'+ B XF |
= By (N*+ X+ X3) +BoN* + B X + B XT '|

= (—Bg +By) X'+ (—Bp +B2)XF"
L=bY} = +[(By —B1) XM + (Bo — B)X']

We have already noted that Y, * represents births per money unif
Also, Y;* < 0. These suggest that Y, * represents averted birthy
money unit. This is confirmed by the last equation above singg
right hand side represents averted births. But note that the right I
side shows that the averted birth per method m contracept_
Bo — Bm,» ie., the dual problem assumes that if the contrace
were not contraceptmg, her fertility is that of the noncontracep
In reality, this is not the case. The contraceptors tend to have .'
fertility than the noncontraceptors since they have a greaterm'
tion to accept contraception.?2 This implies that the dual prob
underestimates the number of averted births; hence, also the a ”'

births per money unit.

4. Reducing Model Size

minimize births and call it the MINBIRTH model. Its obj'
function can be written as

2. The Philippine data reveal that the pre-acceptance age-specific '
fertility rates of contraceptors are higher than the age-specific marital fertll
rates of all married women of reproductive age. (Laing, 1977)
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S BiNie + ZZZ Bt Ximme * Bime Xime) )

{3:.: = yearly births per noncontraceptor of age i in
year [,
N, = number of noncontraceptors of age i in year 7,

= yearly births per beginning contraceptor of age i
using method m in year ¢,

X? = pumber of beginning contraceptors of age i using
method m in year ¢,

Bin; = yearly births per continuing contraceptor of age
i using method m in year ¢,

X

ims= number of continuing contraceptors of age i

- using method m in year .

.! {he age range of 15-44, i.e., 15 < i < 54, there are 30t non-
ruceptor variables and 58mt contraceptor variables. If there
invc contraceptive methods, i.e., m = 5, the total number of
lslon variables is 320t.

{ us now consider the LP whose objective is maximizing
o births and refer to this model as MAXAVERT. Its objective
Wiion can be written as

IEEI - [°¢mt Xfmr + oGy X::‘mr] (10)

t

of,, = number of averted births per beginning contra-
ceptor of age i using method m inyear 7,
of,, = mnumber of averted births per continuing contra-

ceptor of age i using method m in year £

0 that MAXAVERT’s decision variables do not include the non-
\nceptor variables. Consequently, the decision variables are
eed by 30t.
I'he absence of noncontraceptor variables in MAXAVERT also
!! an implication in reducing the number of constraints. The
ulity constraint (3) in the Primal Problem of Section 3 is an
Jounting identity. This identity is incorporated in the MINBIRTH
Wlel in order to preclude obtaining the trivial optimal solution
t¢ all decision variables are assigned zero values. For each age i
il (ime t, there is one accounting identity. Hence, there are 30t
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such accounting identities which are no longer necessary in _
MAXAVERT model.

If sterilization is one of the contraceptive methods offered |
the program, more simplifications can be made because of the exct I
tional characteristics of this method. It is the most cost-effecti¥
method in the long run since it has 100 percent contmuatwn 10

therefore, will chiioss to sterilize contraceptors as an optimal sd'
tion. Since this is not acceptable, maximum sterilization acceptan¢
constraints have to be incorporated in the LP model. In this case, ..
model will first assign contraceptors to sterilization until the mux
mum limits are reached before assigning them to the other methg d
However, as shown in Pernia and Danao (1978) no sterilizations i
assigned on the last year of the planning horizon. This arises fro)
the fact that on thelast year of the planning horizon, the fut !
effects of sterilization are not captured, making sterilization |
least cost-effective method. |

These observations suggest that sterilization should be treald
separately. Administratively, the family planning decisionmaky
determines the sterilization program over the planning horia
based on considerations like capacity of sterilization clinics §
social acceptability. He then allocates the amount needed for th
program. Computationally, given this program, a simple p 0
routine can be made to calculate the yearly population of sterili
tion contraceptors together with the number of averted births.

The removal of the sterilization method from the LP modl
will further reduce the number of variables by 58t and th
number of constraints by 30t.

5. The Dual Problem

be interpreted as the shadow price of each unit of the resoutd
In the MINBIRTH model, the shadow pnce correspondmg to '.

thlS nonpositive dual variable reprcscnts averted births per mo:'
unit. But as pointed out earlier, the number of averted births dq i‘.'
mined by the dual problem underestimates the actual numbegﬂ
averted births; consequently, it also underestimates the shaq '
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W, The MAXAVERT model, on the other hand, counts the actual
iher of averted births and the shadow price corresponding to the
uvt constraint is nonnegative whose interpretation as averted
W per money unit is straightforward. Using the example in
Hon 3, its MAXAVERT version is written as follows:

Hinl Problem: Maximize X, + ay X,

subjectto ¢; X; t ¢, X, < b

Wil Problem: Minimize bz

subjectto  ¢;z =

| variable z must represent averted births per money unit.

6. Conclusion

) objectives and activities of a family planning program nearly
li¢ mathematical programming model. The choice of the objec-
: flnction depends on the immediate goals of the program as well
!‘I' j¢ extent of its resources. For programs that want to maintain

flpin birth rate, minimization of costs is a proper objective. On

, maximization of averted births has the advantage of giving
lore accurate estimate of the cost per averted birth which is
#itly obtained from the dual problem. Moreover, the maximization
Werted births does not require the inclusion of noncontraceptors
! wuision variables. This reduces the number of decision variables
Woll as the number of constraints thereby effecting some savings
Jumputer time.
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