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ABSTRACT

Implementable linear programming modeis have been developed
for the allecation of family planning resources in developing
countries. These models minimize births ovér a planning horizon
subject to resource constraints. This choice of the chjective
function leads to nonpositive shadow prices which are not intuitively
appealing. Moreover, the dual problem underestimates the number of
averted births resulting in an overestimate of the cost per averted

birth.

By viewing family planning as a production problem with
averted births a5 output, this paper suggests that maximization of
averted births is a more natural choice for an objective function.
The primal preblem then gives the number of averted births accurately
while the dual problem gives nonnegative shadow prices whose inter-
pretation (e.g. averted births per money unit) IS straightforward.
Furthermore, this objective Function dispenses with noncontraceptor
variables and accounting identities thus reducing the size of the

mode | .



OM THE USE OF LUIMEAR PROGRAMMIMG FOR FAMILY PLANNING
RESOURCE ALLOCATION

1. Introdection

The scarcity of family planning resources in developing
countries has led researchers o suggest the use of operations
ressarch techmiques to allocate these resources in order fo
optimize the objectives of a family plamming program. The objective
could be that of minimizing births lor maximizing averted births})
given the resources or of minimizing costs given target birth
rates. Essentially, a family planning program can be regarded
@5 a production problem with its various activities as inputs and
averted births as output. This makes it easy to formulate the
family planning program as a resource allocation problem. Con-
sequently, the mathematical programming model has been suggested

an [he appropriate model to use.

Although nonlinear prograrmming models have been proposed
fe.g., Gould and Magazine [3] ), the rescurce allocation models
that have been developed for existing family planning programs
are linssr. Resource modelling for family planning is fairly
recent (Reipke [9] suggested ft¢ in 1970) and initial artemprs at
model ling uvswally begin with the linear case. Also, linear
programming has been successful in solving other resource alloca-

tion problems.



This paper looks at linear programming (LP) models that
have been developed for specific family planning programs and
suggests modifications that could lal give averted births
mare accurately and (b) reduce the size of the model. An accurate
determination of averted births is important for policy making
while model sSize reduction could mean savings in computational

expensies.

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

Early resource allocation modelling for family planning
ware mostly theoretical discussions on the applicability of the
mathematical programming model to the family planning program.
Reinke [J] presents a simple hypothetical static model which
illustrates the formulation of a two-contraceptive method family
planning pl‘Dglr-Elm into a linear programming problem. His model
maximizes averted births subject to cost and maximum acceptance
constraints. Correa and Beasley [ 2] give a basic static model
whose cbjective is to maximize prevented pregnancies subject to
a cost constraint. Several modifications of this basic model are
presentad to show how nondemographic objectives can be incorporated
in the model. Both models do not include physical resource
(manpower, materials) constraints and do not discuss the estimation

of the parameters of the model.



Going beyvond these theoretical considerations, Lawrence,
Mundigo, and ReVelle [6]1 developed a linear programming mode]l of
Tesource a115:alinn specifically adapted to the Honduras national
family planning program. Thiz model is simple in the sense that
it involves only one contraceptive method (pills). But it has
several important features that make it & workable model. First,
it is a dynamic model which includes changes in demographic
variables such as age and fertility of the women of reproductive
age and program changes such as continuation and dropout.

Second, it distinguishes between costs of a beginning contraceptor
and the costs of a continuing contraceptor and allows these costs
to change owver time. Third, it includes among its constraints
not only the budget constraints but also the physical resources
available to the program over the planning horizon. Fourth, it
alsa Tncludes a crude birth rate constraint that indicates the
desired crude birth rate at the end of the planning horizon. The
complete model describes the entire program and minimizes total
female birthslfnuar the planning horizon. This model, therefore,
can evaluate the feasibility of program targets given the
projectad resources and if these targets are feasible, the model

gives the optimal strategy for achieving those targets.

i"llThF: use of female births as decision variables simplified
the model, As the model §s intended o be wsed for planming
horizons that extend beyond Fifrteen years, the number of females
that enter the reproductive group is an important variable in the
mode ],



Building on this model, Lawrence and Mundige [7] developed
another model that Tncorporates the features of the Honduras model
and includes .two contraceptive methods {pills and 1UDs), the parity
of women of reproductive age,and switching to another method. This
mode | was adapted to fit the national family planning program of

the Dominican Republic.

Following these models, a similar model for the Philippine
Family Planning Program was constructed (Pernia and Denao [81) that
was specifically designed to evaluate the S~year population program
of the Population Commission. It has the essential features of
the Dominican Republic model although it includes five contraceptive
methods (pills, IUDs, rhythm, condom, sterilization). Because
the planning horizon is less than 15 years, the females born
during the planning period would not enter the reproductive age
group; hence, they will not affect the fertility of the women under
consideration. Consequently, the decision variables used were
total births. A new feature of the model is the elimination of the
crude birth rate constraint. Both the Honduran and the Dominican
Republic mode! contain a crude birth rate constraint which s5ays
that the crude birth rate at the end of the planning horizon is
less than or equal to a specified target crude birth rate. The
presence of this constraint implies that If the target cannot be
achieved with the given resources, the LP will simply give no

feasible solution without any guide as to what can be achieved by



those resources. On the other hand, the absence of the crude
birth rate constraint leaves an LP that has an optimal solution
from which the optimal crude birth rates achievable by the
available resources can be computed. Hence, two things are
accompl Tshed: ({a) the crude birth rates achievable by the
given resources are determiped and (b) these achievable crude
birth rates can indicate 10 the decision-maker how far he is

from his rargets.

3. The Objective Functlion

Minimizing Births or Minimizing Costs?

The implementable models discussed in Section 2 minimize
births over a planning horizon. This objective function was
criticized by Haran [4] who claims that “in the context of a
family planning program in a developing country, it would seem
more appropriate to minimize the total cost of the program subject
to constraints on desired levels of birth rate so that the
feasibility of achieving the targeted birth rate as well as the
minimum cost required to achieve such a reduction in birth rate

can be evaluated." Haran's choice of the ohjective funcrion s a

legitimate one but not appropriate for many developing countries.



In many of these countries, birth rates are very high and
financial resources are wery low. The desired Birth rates are

50 far from the existing birth rates that rescurces are exhausted
before the desired birth rates are achieved. Consequently, one's
objective is simply to maximize the output (fertility reduction)

with the ]limited resources,

If the desired birth rate is not far from the existing
birth rate and hence, is achievable, then cost minimization
becomes an appropriate objective. This happens when the family
planning program has already made substantial progress that the
actual birth rate Is not far from the desired birth rate. In fact,
if the desired birth rate has been achieved, one would want to

determine the minimum cost that would sustain it.

Hinimizing Births or Maximizing Averted Births?

Lonceptually, minimizing births is equivalent o maximizing
averted births. The Honduras, Dominican Republic, and the
Philippine models have birth minimization as the objective
function. We suggest, however, that averted birth maximization

has sewveral advantages.

First, we note that when viewed as a production problem,
the number of averted births is the output of the program. In

fact, averted births per money unit {or the cost of an averted



birth) has been wsed as an indicator of the cosp-effectiveness

of & family planning program. In the birth minimization model,
this information is given by the dual problem. We claim, howewver,
that the averted births per money unit given by the dual problem
underestimates the actual value. This can be seen by means of

a simple example.

Consider a one-pericd two-method model that minimizes

births subject to a budget constraint:

Primal Problem: Minimize BN + fs.lxl + 51}:2 (1)
subject to cix] + .-:2:'22 Z b (2}
W o+ Ii + EE = (3)

N, X;. %, 20

where {f = propartion of noncontraceptors who bear a child in

one period,

N = number of noncontraceptors,

& = proportion of method m contraceptors who bear a
child im ome pericd, m=-1, 2,

A = number of method m contraceptors, m= 1, Z,

c = cost of providing sérvice to a method m contraceptor
in one pericd, m =], 2,

budget for the period,

o
i

number of women wnder consideration.

z
i



Hote that the equality constraint is an accounting fdeptity which

is included to preciude ohtaining the trivial optimal solutien

The dual of the preceding problem follows:

Bual Problem: Maximize in + WYE (G)
subject to T S8k {5)
ch £ e (&)
A SR {7)
?lﬁ b ?2 free,

We note that the primal problem has a feasible solution
N o=, 1] — xl = 0. and since its objective function is bounded
below by zero it has an optimal solution (N, xT > x;}. It
follows from the Duality Theorem (Bradley et al. [11} that the
dual problem has an optimal solution {YT , ?EJ that satisfies

)

ak: % b ? #
B+ E.]xl * E‘zxz' = I::-‘r'.t + w‘f‘z - {8}

Since the primal objective function denotes births, then each

term an the-right hand side of (1) denotes bircths. The variable
?; must, therefore, be expressed in births per money unit,
while Y; must be expressed in births per woman., If we assume

- : &
that there 5. at least one noncopntraceptor, f.e.. N = 0. then



the first dual constraint is binding, i.e., T; = B- Therefore,
wY:~ = WBD’ the number of births from all women under considera-

tion in the absence of contraception. Hepce,

* L ]
Yy = B W NIRRT B

&

: i - T

X W 5
e P iR 1 %9

n k-
+ KE 1o+ HDH + 51

= B4R X, + (Bﬁ B S .
* r' *
R +lEEg E]}I] - {Bg' EZJKE-]

The fact that ?T £ 0 and the last equation demonstrate that VT
represents averted births per money unit. But note that the

right hand side shows that the averted birth per method m contra-
ceptor is En i Em, i.e., the dual problem assumes that if the
contraceptor were not contracepting, her fertility is that of the
noncontraceptor. In reality, this is not the case. The contra=
ceptors tend to have a higher fertility than the noncontraceplors
tince they have a greater motivation to accept cnntraceptiﬂn.gf

This implies that the dual problem underestimates the number of

averted births; hence, also the averted births per money unit.

nghe Philippine data reveal that the pre-acceptance ages
specific marital fertility rates of contraceptors are highar than
the agarspecific marital fertility rates of all married women of
reproductive age.{Laing, [5]1)



4. FReducing Model Size

A dynamic linear programming mode! rapidly increases in

SiZze as the number of contraceptive methods is increated and the

planning horizon is lengthened.

is to minimize births and call it the MINBIRTH mode] .

Consider the LP whose object jve

function can be written as

)
HEE

whers &,

For the age

contraceptor variables and S8mt contraceptor variables.
are five contraceptive methods, i.e.

decision variables

al
I

L

range of [15-44

f b v L=
+
Hi: E E E{ﬁim:::':imt img imt} (9
I''m €
yearly births per noncontraceptor of age i
in year ¢,
number of poncontraceptors of age i  in year t,

yearly births per beginning contraceptor of age i

using method m in year t,

number of beginning contraceptors of age i using
method m in year ¢,

yearly births per continuing contraceptor of age

i using method m in year t,

number of continuing contraceptors of age i s ing

method ‘m  Inm wear .

i.e., 15 £ i Z 54, there are 30t non-

If there

m the toatal number of

B
is 320E.

lts objective
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Let us now consider the LP whosze objective is maximizing
averted births and refer to this model as HAXAVERT. Its objective

function can be written as

b ol e
. 1 + oo 5
% rzn % I:L:mt:"':ln:n; I:ln'r:t:ll'lrruJ A1o)
b - T
whe re i, number of averted births per beginning contra=
ceptor of age I wsing method m at time €,
u."i-'mt = pumber of averted birth per continuing contra=

ceptor of age i using method m at time L.

Hote that MAXAVERT's decision wariables do not fmelude the non-
contraceptor variables. Consequently, the decision variables are

reduced by 30t.

The absence of noncontraceptor variables in MAXAVERT also
has an implication in reducing the number of constraints. The
equality constraint (3) in the Primal Problem of Section 3 is an
accounting identity. This identity §is Tncorporated in the MINBIRTH
mode! in order to preclude obtaining the trivial optimal solution
where all decision variables are assigned zerc values. For each
age i and time t, there is one accounting ldentity. Hence,
there are 30t such accounting identities which are no longer

necessary in the MAXAVERT model.

If sterilization is one of the contraceptive methods

offered by the program, more simplications can be made because
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of tha axceptional characteristics of this method. It s the

most cost-effective method in the long run since it has [00%
continuation, 100% effectivess, and no recurring costs. A dynamic
madel therefore, will choose to sterilize contraceptors as an
optimal solution. Since this is not acceptable, maximum steriliza-
tion acceptances constraints have to be incorporated inm the LFP
model. In this case, the mode! will first assign contraceptors to
sterilizaticn unti]l the maximum limits are reached before assigning
them to the other methods. However, as shown in Pernia and Danaoc [8]
no sterilizations are. assigned on the last vear of the planning
horizon. This arises from the fact that on the last year of the
planning horizon, the future effects of stercilization are not

captured, making sterilization the least cost-effective.

These observations suggest that sterilization should be
treated separately. Administratively, the family planming decizion=
maker determines the sterilization program over the planmning horizon
based on considerations like capacity of sterilization clinics and
social acceptability. He thenallocates the amount needed for this
program. Computationally, given this program, a simple pre=LP
routine can be made to calculate the yearly population of sterillza-

tion contraceptors together with the number of averted births.

The removal of the sterilization from the LP model will
further reduce the number of wariables by 58t and the number of

constrainmts by 30t.
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L. The Pual Problem

The dual variable corresponding to & resource constraint
can be interpreted as the shadow price of each unit of the resource.
In the MINBIRTH mode]l, the shadow price corresponding to the
budget constraint turns out to be nonpositive (as shown in Section
2}, which is not intuitively appealing. However, it was shown that
this nonpasitive dual variable represents averted births per money
unit. But as pointed out earlier, the number of awverted births
determined by the dual problem underestimates the actual number
of averted births; consequently, it also underestimates the shadow
price. The MAXAVERT model, on the other hand, counts the actual
number of averted births and the shadow price corresponding to the
budget constraint is nonnegative whose interpretation as averted
births per money unit is straightforward. Using the example in

Section 3, its MAAAVERT version is written as follows:

Primal Froblem: Maximize ull! + ﬂl“i
subject to clI] a3 EEEE & b
“1"'"‘1 20
Dual Problem Hinimize bz
subject to g2 Za
B, 2 L IEF

4
([R5
=




It is easily seen that bz must represent averted births; hence,

the dual variable z wmust represent averted births per money unit.

B. Conclusion

The objectives and activities of a family planning program
neatly fit the mathematical programming model. The choice of the
objective function depends on the immediate goals of the program
as well as the extent of its resources. For programs that want to
maintain & certain birth rate, minimization of costs is a proper
objective. On the other hand, if the program has to reduce high
birth rates with limited resources, the minimization of births or
the maximization of averted births would be the objective. We have
shown that in this case, maximization of averted births has the
advantage of giving a more accurate estimate of the cost per averted
birth which is directly obtained from the dual problem. Horeover,
the maximization of averted births does not reguire the inclusion
ot noncontraceptors as decision variables. This reduces the number
ot decision wvariables as well as the number of constraints thereby

effecting some savings in computer time.
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