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NUTRITION PLANNING: AN APPLICATION OF
BENEFIT-COST ANALYSIS IN CEBU

By Barry M. Popkin* /
Abstract

The economic effects of eliminating one of the four major
hutrition problems in the world, vitamin A deficiency, are studied. A
conceptual framework is developed for both private and social
henefits. For the individual child, the expected value of his economic
henefits come from the effects of preventing this deficiency on both
those with and without the problem. Costs come from a variety of
programs developed to prevent this deficiency. Under the most
stringent assumptions, all programs are shown to produce a net gain
lfor society.

Introduction

More frequently, problems of malnutrition and disease are
entering the development literature. Hypotheses relating the impact
of malnutrition to physical and mental performance, morbidity and
mortality abound (e.g. Berg; Belli; Mirrless; Popkin 1972). Despite
the number of articles and books purporting to delineate these
relationships, we have few controlled studies conducted on the
effects of either changes in nutritional status or of malnutrition on
human productivity. In the few careful studies, it has been difficult
lo establish clear positive relationships between improved nutrition’
nnd measures of economic performance.
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Probably the best example of the problems that arise with |
indiscriminate use of the nutrition-physical productivity relationsl
was found in a study conducted in a coal mine in India (Satyn
yana). The effect of a 500 calorie food supplement (about 20
the normal intake) on the working efficiency of men who shove
coal into cars was studied over a six-month period. At the end,
carefully controlled study produced no impact on productl
because a basic operational constraint — the number of coal
they were given to fill — was unchanged. Absenteeism did not ¢h
but the weight of those fed the caloric supplement did chang
study among sugar cane workers in several plantations in Jami
produced similar results (Heywood). More positive results

productivity associated with anemia among civil construction w
~ ers have been found in Indonesia.!

Knowledge about nutrition and mental performance is Jus
inconclusive. Many economists and nutritionists have discussed
possibility that pre-school child malnutrition would lead to |
manent retardation (e.g. Belli). More recently, nutritionists, payd
logists, and others have realized that this relationship may nal
true. Now it is generally accepted that no investigation
completely shown the relative importance of malnutrition
social and environmental deprivation factors in cognitive deve
ment nor that this development retardation cannot be reversed §
stimulation at a later stage of the child’s life.”? Furthermore
carefully-controlled studies have established the positive effee
improved nutrition on school performance or absenteeism.

Without really concrete results on the impact of impH
nutritional status on measures of economic performance, econo
are forced to utilize the best information gathered by nutritioni
the effects of malnutrition (e.g. Selawsky). /This paper repotii
results of a benefit-cost analysis of alternate nutrition program
the Philippines based partially on the information of nutriti¢
and also on some research being conducted as part of this study.
programs were designed to eliminate and prevent a nutrif
disease, xerophthalmia. Caused by vitamin A deficiency alone'
combination with a variety of interacting factors, xerophthalm

! See Basta and Karyadi for reports on that study. These results a,rl'
followed up with a larger IBRD-supported study conducted by the Ni !

Research Institute in Bogor, Indonesia.

2 The article by Latham summarizes most of the findings in this area.
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one of the four leading nutritional problems in the world, affects
millions of children, and blinds or kills tens of thousands. Utilizing a
very conservative definition of xerophthalmia, about 40% of the
1800 Filipino children aged 1-16 in the sample pOpulatlon were
affected.?®

The endemic nature of this disease in many developing areas
requires us to develop analytic techniques which can deal with many
nonmarginal changes which can affect a society. Unfortunately
general equilibrium theory has little operational value as of yet.* A
second problem related to the endemic nature of a disease is the need
to consider preventive programs whose benefits and costs cover the
entire population of a given age cohort. Within a framework which
will deal with this issue, an attempt is also made to encompass the
external benefits of eliminating this disease. The first section of the
paper presents the conceptual framework of benefit-cost analysis.
The second section reports the results of the benefit-cost analysis
based primarily on a large survey in the island of Cebu, Philippines.
The results of this project have been utilized in selecting programs to
be ran on a pilot-project basis over a two-year period. This analysis is
based on the projected benefits, costs and effectiveness of these
programs.

II. The Conceptual Framework

It may be argued that the primary objective of any health or
nutrition project is to increase society’s welfare. A the same time, the
prevention and elimination of xerophthalmia produces sxgmflcant
“real” or monetary effects. Xerophthalmia (X) affects both the
future productive time and the productivity of children of ages 1-16.
A higher mortality and total blindness rate from X lower the pro-
ductive time and increased morbidity, and partial blindness lower the

3Xerophtha!mia is normally defined as the clinical syndrome associated with
Vitamin A deficiency. However, these clinical signs can remain after the Vitamin
A deficiency has cleared up. Consequently, use of biochemical levels which
indicate the vitamin A nutritional status of the child can eliminate some of these
problems. For this study, a combination of both clinical and biochemical
definitions of xerophthalmia were required for the child to be included as having
xerophthalmia (Popkin, 1974).

*Barlow’s pathbreaking study on the effects of malaria eradication is one of
the few attempts to use even macroeconomic growth models to capture the
effects of health changes on economic output. Also, see Weisbrod (1973) for
comments on this.
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productivity.® Associated with these direct benefits are the redugs
costs of treatment for the children who would have had X and I
external effects of lowering X. Decreasing X, in turn, lowers (¥
effects of other contagious diseases such as tuberculosis
broncho-pneumonia on the target population as well as other #
groups. There are a variety of more subtle effects of X, especial
the less understood subclinical deficiency on economic behavior,

It is meaningful to analyze the economic benefits or returns to {
individual as well as to society. These individual or private re
will be discussed first.

Private Returns

We may define private returns accruing to the person benefit|
from the X program as

where Rp = total returns, Rp] = monetary retums, and Rp2 = |
nonmonetary component of Rp. !

For the individual, the appropriate measure of Rp] i§ |
additional income he/she is able to earn over his/her lifetime. Thi
persons who either have X or will suffer from it will be benefited
changes in productivity from lower death, blindness and morb
rates. Those who do not have X will have higher productivity fi
lower morbidity rate resulting from less communicable dis
existing after X is eliminated. Benefits calculated here will be tf
resulting from effects which are assumed to be permanent.

Most children will benefit from the reduction in the incidence
X either directly or indirectly. The children are divided into
mutually exclusive groups each with different returns.

Group a: have xerophthalmia, but do not die or go blmd -.
result of it

5The morbidity effects come through lowered cognitive development |
school performance. Lower productivity within the same occupation and pog
occupation are the results. For a broader discussion of the effects of nutrition
human capital see Berg or Popkin (1972).
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Group b: have X and become totally or partially blind as a result
of X

Group d: have x and dies as a result of X

Group- nox: do not have X but suffer from a higher incidence of
communicable diseases as a result of other children having X

Clearly, there are children with X (Group a) who experience no
medical or other effects as there are children without X (Group no.)
who are not affected. Since we are dealing with the expected effects
of X, such cases are included. Figure 1 delineates these four groups
before the prevalence of X is reduced.®

Since a child may fall in groups a, b, d, or no., private monetary
returns are viewed as the expected value to the potential recipient
(E(Rpl)). The expected value of each person’s potential monetary
returns in annual terms for year i are defined as follows:

mE(Rpli) = mpanp;j (Wi — (Waj + Taj)) (2a)
+ mpppj (Wi — (Wpj + Thi)) (2b)
+ mpdp; (Wi — Taxi) (2¢)
+ mpnoxpi (Wi — (Wnoxi + Tnoxi) (2d)

where E(Rp]i) = expected monetary returns in year i from a program
after the person has entered the productive labor force; m = %
reduction in the prevalence of X;’ pj = probability of survival, the
person is working in year i; py = probability of belonging to group a;
Wi = average gross earning for the healthy socio-economic cohort of
this person in group a after X has been eliminated; Waj = average net

6Knowlet:‘:goe: of the incidence rate or percent of X over the period of a year
was not available. Only the prevalence rate at a given point in time was known.
This prevalence rate used for calculating p,, pp, and pd will produce an
unknown but possibly significant downward bias in the estimate of the returns.

"1t is assumed that each program affects the various benefit categories in a
proportional manner. Thus each program will reduce the effects of 2a-2d by m,
E(Rp]i) assumes 100% or complete benefits and m is a figure between 0 and
100%. A pure model would have a differential m for each category and these
differential effects would vary for different programs. Similarly, the probability
of survival could be different for each subgroup.
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Figure 1

Distribution of Children Aged 1-16
According to Xerophthalmia Prevalence

Pp%

Dead from
xerophthalmia

P%

Children with no permanent
effect from xerophthalmia

Group a

Children without xerophthalmia

Group nox

Pnox% -

-
earnings for group a before X has been eliminated; Tgi = mar
income tax on (Wj — Wjj); pp = probability of belonging to g -'
Wpi = average net earnings for individual blinded by X in year |
= tax on difference (Wj — Wpj) in year i; pd = probability of ¢
from X (i.e., belonging to group d) before X has been elirn
Taxi = total taxes on Wj; pnox = probability of belonging to @
nox with no xerophthalmia before X has been eliminated; Wpe
net earnings of group nox; and Tpexi = tax on the differenc
Wnoxi)-
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Social Returns

The social returns in year i, Rgi, generated by each X program
could be treated as the sum of the expected private returns plus
additional returns accruing to society (Rej):

p
3
Rsi =m; =1 E(Rjj) + Rei

where E(Rpj) is summed over j=1, 2, ... p, the p persons benefited
by the prevention program. The total social returns, Rgi can be split
into the monetary (Rg]i) and nonmonetary (Rg2j) components:

Rsi = Rgli + Rg2i ' (4)

These are the total benefits of a nutrition program independent of
who receives the benefits.

Social Monetary Returns

Basically, the nutrition programs preventing X increase the supply,
raise the productivity and lower the financial dependency of people
of working age. The social money return (Rg]) is the sum of the
present value of individual money returns (E(Rpj)), plus the
additional benefits (Rej) occurring to society. One big aspect of Re is
taxes. In private returns income taxes are excluded; however, they
certainly are returns to society. Also, indirect excise and sales taxes
are raised by the additional production of this population (Paul).

These tax increases form one component of Re, the reduced costs
of treatment form a second. While a reduction in treatment costs
may not increase GNP, the economic welfare of society undoubtedly
increases due to the reallocation of scarce medical resources
(Weisbrod). A third component is the reduction in welfare payments
as cash, in-kind, or institutional services to the blind. The transfer
payments reduction also represents an increase in societal welfare.
Most of these are social services. The fourth component is the more
difficult one to quantify effects of a better educated and more
healthy populace on technological change and economic growth.

Gross production is considered the relevant benefit to society. If
the societal perspective is from the view of nonprogram recipients, it
would be logical to view their potential benefits as the recipients loss
of net production (income minus consumption expenditures.)® When

% See Weisbrod (1971).
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all of society is included, certainly the perspective of the progm
recipients must be included and their consumption is viewed a8
component of Rj. '

An additional consideration is potential change in income dug
labor force changes. In one year the labor force increase fr
preventing X will be about 1-6%. This may affect the wage rate, O
a ten-year period a labor force increase of 10% would produce pk
effects. It is assumed these labor supply increases will not affect
supply of labor in non-cohort (middle and upper class) occupatie
Thus, the supply increase would be reflected in the same gro\
occupations. The effects on wage rates depend on numerous fae!
outside the purview of this analysis. These effects only indicat
transfer between the various sectors of society. They may lead t
overestimation of the private benefits but will not effect the #a
benefits. The private benefits will be overestimated if the net tran
leads to gains for owners of fixed factors and a loss for workers,
latter are most affected by X.

Total social monetary returns, Rg], are the present value in
of the private returns (rpj) and the additional returns to society,
This is expressed as:

p b (ERpijk) + Tijk + Ctijk + Wijk + A Techjg
Rg1 = Z .
j=1i=1 (1 + rg)!

where E(Rpijj) = private returns for individual j in year i fi
program k; Tjjk = the tax payments with program k minus the
payments without program k; Ctijjk = the treatment costs which
not needed for individuals from program k; Wijjk = the
payments which previously went to individual j in year i for proj
k; A Techk = the economic and technological change resulting f
the increase in the health and education of these persons |
program k; and rg = the social discount rate or any other sog

time preference factor.

Each X prevention program will have a different success raté,
reduction in X, m, is the percent of cases prevented by a prograi
relates to the total percentage of persons in the relevant c¢
protected from X.
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Nonmonetary Returns

To the individual, good health is of the greatest importance. It is
fair to say most people want to feel healthy, be able to see, and avoid
dependency on others. It is felt that good health is an end in itself.

Possibly the most important effect of nutritional or any other
health change is summarized by Fein: “The relationship between
health and education may be even more explicit than has yet been
suggested. It is not just that better health makes education possible,
it is that better health . . . [is] part of the educational process, part of
the process of increasing wants and at the same time demonstrating -
that ‘it can be done’, part of the process of breaking away from the
past, from tradition, part of the process of creating hope, a desire for
change.”

Program Costs

Three different programs are being considered. They are: (1) the
provision of a vitamin A capsule providing adequate protection for a
6-month period and requiring foreign exchange and unskilled people
to distribute them; (2) a nutrition education and public health plus
home gardening approach providing nutrition and home garden
education and public health intervention (PHI); and (3) the
fortification with vitamin A of a product consumed universally by a
target population. Cost components for the different elements of
each of these programs are discussed.

Private Costs

The per capita investment costs for a family (I) consist of a direct
and an indirect outlay. The direct outlay (Id) purchases the materials
required by a given program such as seeds, fertilizer, medical supplies
or food (for fortification and some nutrition education programs).
The direct outlay excludes the subsidized portions of each item. One
critical question is the proportion of costs, if any, which should be
attributed to food purchases. In fortification programs, consumption
patterns are not affected, rather the program operates in an invisible
manner and no Id will be included. In some nutrition education
programs, however, additional expenditures for food are called for.
Since the person is asked to make these expenditures for the
purpose of eliminating X, all marginal food costs must be included.
In this case, additional benefits from this food must be analyzed.

The indirect outlay (If) consists of the earnings foregone during
the period of investment. These represent the opportunity costs of
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the time devoted to home gardening, nutrition education, or pu
health education programs. The quantity of If can be develop
only by imputation as earnings are not generated during
investment pericd. It is possible that this will be costless {f |
opportunity cost of the labor is zero.

The present value of I for each family is:

16 (Id + If) ;
B B (6)
t=1 (1+1) -

where time begins at age one and covers the first 16 years of"
person’s life;’ Id = direct private outlays; If = indirect (opportu
cost) outlays; and r = the opportunity cost of capital for the fam

Social Costs

The direct social costs (Sd) consist of the fixed investmen
training and other facilities, and the operating and maintenance o
for the various programs. In addition, the net costs of any foo
other subsidy are included. The largest fixed outlays will be for.
fortification equipment and the training facilities. '

The present value of the social costs of the X program is:
16 Ot+ Kt+1Id + If

PV(Sd)= =
£=1 (1 + 1)t

where Ot = operating costs in year t; Kt = outlays for facilities
equipment in year t; Id and If are the private direct and fore
costs; and rg = the social discount rate. These costs are the aggre|
ones for reaching a specific population group.

Research costs, which can be viewed as joint costs wi

application costs analyzed here, are excluded (Weisbrod). Numée
technological breakthroughs instrumental in the developm_

9 Recurring costs to prevent X after the age of 16 are very small. For
study, they are assumed to equal zero.
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these programs have preceded this project.!® These can be viewed a;
i fixed cost which should not affect the present investment decision.
Also, Weisbrod showed that research costs were nominal relative to

the application costs for the polio vaccine and this should be similar
for X.

Other Considerations

A key factor affecting the time horizon is the economic life of
vach program. The programs will be analyzed for their effects over a
25-year span. This is done to capture the differential economic lives
of each program. For the fortification program new equipment is
fequired every 12.5 years while the PHI has training costs every fifth
year which are large relative to the program’s variable costs. A
2b-year time horizon would not affect differentially the relative
nttractiveness of each program,

One question ignored in the discussion of costs and benefits has
been the joint production of costs which can be attributed to other
programs. Home gardening is part of a national Philippine ‘‘green
tevolution” efforts. Thus, it could be argued that part of the home
jardening costs should be attributed to this development effort. In
this case, only the marginal expense of the X programs to the
jovernment would be included. The cost valuations utilized here
Include the total costs for these components; consequently, the
Incremental social costs of the PHI will be less than those determined
here.

lll. The Empirical Analysis

In this section the benefits and costs of each program are
etermined in a three-step process. First, the private and social costs
nd potential effectiveness of each program are specified, giving
V(I) and PV(Sd) and m for each of the three programs. Second, the
rivate and social benefits which assume that the xerophthalmia is
liminated completely are derived. This provides the present ex-
ccted value of the private benefits PV(Rp]) and the social benefits

' Three examples are: (1) Professor George Wald’s Nobel Prize-winning
tsearch on the role of vitamin A (retinol) in the development of rhodopsin for
he eye; (2) the work of scientists at Hoffman-LaRoche and elsewhere in the
tvelopment of inexpensive mass-produced synthetic vitamin A; and (3)
ricultural breeding and selection work to increase the vitamin A content of
vyetables and fruits.
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Re. The third step is the combination of the first two steps
private and social benefit-cost ratios. These ratios are calculntod
each age-sex-education-zone grouping (cohort).

The private benefit-cost ratio is:

PV(Rplk)

k=1,2,3 H)
PV (DK ( ) (
where PV(x]) is the private benefits for eliminating X completely
program k; and PV(I)k are the private costs for program k.

The social benefit-cost ratio is:

Rsk

— k=
PV(Sd)k k=1,2,8) (

!
where Rg is the total societal benefit for the 25-year period
which the program k will function; PV(Sd)k are the total #a
costs for the program k over that same period. These benefils
weighted average of the program for the 1-6 and 7-16 age grow
each sex-zone cohort.

Four ecological zones — urban squatter areas, urban fringe bi
rural coastal barrios, and hinterland barrios — have been studig
each zone, three separate areas or barrios were sampled to ol
data on 1800 children and 660 families. Data from this study |
used to determine the benefits and costs reported next. In addl
the effectiveness parameter m is based on these data. [

Private Benefits' !

The age-income profile for “healthy’ persons from the re
education-sex-zone cohorts, the incomes’ profiles for those afi
by X (2a, 2b, 2d), the probabilities of belonging to the four
and the marginal tax rates, are needed to determine the ex|

11 he fortification and capsule programs only provide benefits throy
provision of vitamin A with the subsequent elimination of X. On the othet
the PHI program provides additional benefits such as better sani
consumption of additional protein and calories, etc. We did not at
quantify these additional PHI benefits. These will be discussed in a quil
manner only. g
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value of benefits for each child if X is eliminated completely. The
effects are analyzed for each age-sex-education-zone cohort,

The “healthy” persons were the adults in the zones who were not
blinded by X or any other factor. The sample excluded the higher
income quartile of the Cebu income strata by design. It was felt this
group, which resides in poblacions and urban residential areas would
not have problems with X. The peak annual income for males was
found among the college educated residents of the coastal barrios
and for females among urban barrio college educated persons. These
figures were $656 and $369, respectively. Income functions were
used to determine these profiles. The income functions are shown in
table 1.'? The unusual dip in the income for males between the ages
of 35-44 could not be explained so it was not revised.

The average income of the sample working women drops
significantly during their peak child-bearing years. Most likely this
dip reflects the decline in hours worked by women aged 30-34 during
this peak child-bearing period. Simultaneously, the proportion of
working women declined during this age group. Data were unavail-
able to back up this assumption but arbitrary adjustments were made
to allow women aged 30-34 to earn the simple average of earnings of
the 25-29 and 35-39 age cohorts. The adjustment changed the
regression coefficient for age (30-34) to 25.

There is a downward bias in the ‘“healthy” income profiles (Wj)
because some of these children may enter the upper income quartile
and also the “healthy” person’s productivity will have been affected
by X similar to the effects signified by equations 2a and 2d.

In equation (2), marginal tax rates were used to determine the
net after tax benefits going to each cohort. In a study of the marginal
lax rates for low income Filipinos, it was found that such
adjustments were unnecessary. The total tax incidence for direct plus
indirect taxes did not vary greatly for the relevant lower income
groups.'* A weighted average of the tax burden for each income

12 The age, education and zone dummy variable groupings were significant at
.05 level. For males and females there were 643 and 250 degrees of freedom,
respectively, R2’ of .20 — .25 are normal for earnings functions based on
ur. srouped cross-sectional data.

13 professor Agustin Kintanar, Jr. is thanked for his assistance in providing
Lhis tax data.
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(uartile was used to determine the average and marginal tax rate of
16.85% for this population. (Philippines, Table 13) Consequently the
lax rate, ti, is substituted for the tax amount Ti in the following
derivations.

The most difficult benefits to determine were those accorded to
persons who would be blind without the project. A substudy of blind
persons from the 4,450 persons in the sample was used to estimate
the age-earnings profiles of blind persons (Wpj) and the age-specific
incidence of blindness (pp) associated with X. Fifty-five blind
persons or their parents were interviewed. Only 4% of the males and
247% of the females were inactive. Because of the significantly
different earnings patterns for males and females, separate Wp; were
estimated. The earnings functions are:

]
(1) Female income = —4 + 5 blind(1 eye = 1) + 10 Age (17-30)¥XX
(6)
+ 4 Age (31-40) + 26 Age (41-50)*** + 4 Age (51+)
(8) (6) (6)
(R? = .687)
(2) Male income =-—28 + 102 blind (1 eye =1) + 63 Age (17-30)
(94) (118)
+ 69 Age (31-40) + 13 Age (41-50) + 57 Age (51+)
(137) (193) (109)
(R? =.137)

xxx Significant at .10 level. Standard deviation in parentheses.

The small sample size did not allow differentiation of the incomes by
zone. As contrasted with the earnings before the age of 16 for blind

males, surprisingly few “healthy” males earned an income before
that age.!?

14 This may be due to the small percentage of farm and other forms of
income generation in which it is easier for children to participate. Even in the
most isolated hinterland (and mountainous) barrios, 81% of the income was
from business or wage sources. In-kind and cash income from home production
(gardening, etc.), farming and fishing constituted only 12% of their income. The
rest was from credit or contributions from other household members,
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The probability of blindness associated with X was estimatod
001514 (1 of every 661 children) aged 1-6 and .000462 for the e
of 7-16. The other probabilities were based on the survey and ol
scientific studies. The average prevalence of X was 40%. Of those |
was assumed 15% (pq) would die. Most medical researchers estim
a mortality rate from X of 25 of 50% but these studies have not b
very careful. The remainder of those with X (%X — (ph + pd) nre

the pg group.

The economic effect of the behavioral changes from the
permanent X (pa and ppox) has not been established. We are for
to make an assumption about these effects. The productivity of o
person with X in this pa category will be assumed to be 5% less th
that of the average healthy person (Wj).'® This 5% figure rom
from a sequence of effects. They include the partial effect
xerophthalmia on school performance, the resultant effect |
changes in school performance on mental productivity, and
combined effect of schooling and mental productivity (as meas
by a factor such as IQ) on earnings.

A variety of diseases whose incidence or severity may be incrous
by X are communicable. These include tuberculosis, upper resph
tory infections, and pneumonia. The reduction of X should lead,
turn, to an overall reduction in these diseases among the populatl
without X. All students of epidemiology and public health disg
this general relationship although little quantifiable documentat
exists to identify the linkages in human populations.

These external effects are tangible in the case of reduction I
lowering the morbidity of the nonX population. They also |
intangible when the effects are not quantifiable. One example of |
is a reduction in the number of “blind beggars in the street,"
course, all of these effects do not have to be positive. Some peg
may suffer as a result of the increased health of another person, N
clearly this is seen when the reduction in thymortality rate leads

ks Although it is impossible to justify a figure such as this 5%, the author |
it is reasonable based on the wide range of behavioral effects of X. The vy
effects of X on morbidity and mental performance are felt to be importan
most nutritional and medical researchers. A longitudinal study is
conducted now in an attempt to understand some of these morbidity-xen
thalmia relationships. ' '

16 Marcelo Selowsky and Lance Taylor estimated some of these linkages,

238



large increase in unemployment. Some of these unemployed persons
could have been in the nonX population.

For this study, only the positive effects are considered. As with
the morbidity effects, the benefits will be calculated as a percentage
increase productivity. They are calculated only for children although
ndults would also benefit from a reduction in the incidence of
communicable diseases among the X population. In this case, the
effect will be a 1% increase in lifetime productivity for the children
aged 1-16. These effects are very small. The four-year old male and
[emale child who will have 5-7 years of education will receive an
additional present value of $7 and $6 if they live in the squatter area.

To attain the expected value or average private benefits for each
child, the sum of the probability of each benefit times this benefit
is calculated for the four benefit categories. An example is given in
lable 2. For the morbidity category, the expected value of the
morbidity benefit (Wi — Wai) (1 — tj) was $37. The probability of
belonging to this category was .3295. The sum of $60 represents the
expected value for this cohort, urban squatter children age 1-6 who
would expect to receive 5-7 years of education after the X was
eliminated completely.

If one person from this cohort were to be benefited each year over
the next 25 years, a total benefit of $641 would be received by these
25 children for an average annual benefit of $26. Since the programs
are analyzed as if they will operate for 25 years, these 25-year totals
were calculated. The total and average figures represent present
values over a 25-year period.

Social Benefits .

Economic benefits were estimated for three categories of social.
henefits for 600 children in each cohort. The 600 figure was based
on the fact that each program will operate in four barrios (one/zone)
and reach a total of 150 children per barrio. The first group of
benefits in the aggregate social benefits for the 600 children is the
private benefits for the cohort times 600.

The treatment benefits are the amount of savings coming from the
reduced treatment for the children, both in rural and urban health
centers (out-patient care) and hospital or other in-patient centers. It
was estimated that only 4% of the children with X would be treated
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TABLE 2

Economic Benefits From The Elimination of Xerophthalmia

Cohort: Urban Squi
Males — Educatio
Ages 1-6 5-7 ye

Private Person P.V. Benefit Probabili

Expected value of the
Present Value of Sum of:

A. pa pi (Wi — Wai)(l —ti) 1
Morbidity = (37) 3296 =

B. pp pi (Wi —Wpi)(1 —tj) R
_ Blind = (324) 0015 =
C.pd pi Wi (1—tj) f
Death = (738) 059 =|

D. pnox pPi (Wi — Wnoxi)(1 — ti)

External (7 .61

Expected value one year

(i=yearl,2,...60)

(nPj = probability of survival year 1 to 1 + N)
by outpatient clinics. The total cost for four visits was es in
conservatively at $.50. Only a 0.25% of the children with X w
placed in a hospital at an average cost of $60 based on a stay ¢
days, at $5/day. Thus the average cost per child for the |
squatter cohort of males aged 1-6 is $.0078 for out-patient car
$.0585 for in-patient care. Of this cohort (600), 39% have X
total treatment cost of $40 for one year.

The tax figure was calculated directly from the private exp

value of the cohort’s benefits since this sum represented the aftt
benefits.
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For the population in Cebu, minimal welfare programs for the
blind and disabled existed. It was felt improper to estimate the
benefits from reduced welfare payments because such a very small
proportion of children would go to the one school for the blind, ete.

The residual effect of better health (A tech) is the variety of more
intangible effects on the attitude and overall productivity of the
society caused by the combination of all the health and nutritional
benefits. No estimate of this category was made.

The benefits for eliminating X completely in one year of the
program were based on two assumptions. First, there would be equal
benefits from each year of treatment for a child in a given cohort, In
other words, there does not exist any carry-over in the vitamin A
storage or other treatments from one year to the next. While this
assumption is not exactly coirect, it would be very difficult to
estimate the relative benefits of a program which treated a child for
1, 2, 3, . .. or 16 years. Second, it was assumed that there was an
equal and constant age distribution over time among the children
aged 1-16 in the sample. This will lead to a slight overestimation of
the benefits.!” The overestimation results from the younger age
group with its smaller benefits being slightly undervalued relative to
the older age group.

Each year basically 1/16th of the sample is assumed to be
benefited by the elimination of X. Since the age distribution was
assumed to be constant over time, the same amount of benefits
would come each year. Since the benefits occur over a 25-year
period, the present value of these benefits was calculated. The
25-year benefits for the urban squatter males discussed above are
$78,995.

Effectiveness Parameter M

Here we determine the percentage of the X which will be both
eliminated now and prevented in the future. This percentage or level
of effectiveness is the variable m. If m = .95, this would mean that
95% of the X is eliminated now and prevented in the future. Thus,

17 Based on the 1970 census and a few estimates, roughly 580,000 Cebuano
children are aged 1-14. About 38% of them are aged 1-5. This gives a ratio for
each of the ages 1-5 of 1:13 of the total age group 1-14 and of 1:14.5 for the age
group 6-14. The ratio 1:16 was used for both the 1-6 and 7-16 age cohorts to
facilitate the aggregation process.
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95% of the benefits from the complete elimination of X would
received by the population if the benefits at each level of m wok
independent of benefits at other levels. The program effectivernos
will be assumed to be equal among all the population for which X
eliminated or presented. Consequently if 80% of the population wan
completely cured of X while the remaining 20% were only B!
cured, m would equal 90%. m was estimated for each age-sex-#0
cohort.

Program Costs

Two assumptions are basic in the development of the progr
costs. The first is that meaningful economies of scale exist in th
delivery of health care, especially in the training of health p
professionals. For one example, three nutrition educators Wwe
trained to carry out most of the barrio work for this project, If
their work, they would need one month of training but it | Vi
assumed 20 educators could be trained together. Consequently, th
costs of each trainer would be 3/20 of one month(s) salary. '

A second assumption relates to the indirect outlay, If,
opportunity costs of the time family members spend caring fo¥
home garden or attending nutrition education meetings. These ¢o {
If, are treated as zero. The largest cost would be the time spent |
gardening. In this sample, about 60% of the population or 9% |
those people who can garden do this already. Little additional i
would be required by the home gardening component of the PF
Rather more efficient techniques, improved seeds and cultitin
fertilizer and spray would be used. Minimal time will be required |
the education programs. .

The costs of these programs consist of only the direct costs sing
the indirect costs (opportunity costs or earnings foregone) |
assumed to be zero. The direct costs are either social or privi
Private costs (I) include the $.10 each child must pay for two vitam
A capsules per year, no costs for fortification of MSG, and costs |
seeds, sprays, chlorine for sanitizing the water supply and toll
construction. Most social costs (Sd) would be provided by |
government; in fact most are supposed to be included in the se
of the extensive City and Rural Health Units of the government. |
combinations of inputs and delivery of them, however, are gul
different for the PHI. |
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IV. Program Analysis

Benefit-cost ratios are one of the chief criteria considered for our
analysis of many development projects. This criteria presents an
incomplete picture in cases in which complex benefits and costs,
many of which are intangible, exist. Moreover, most of these analyses
limit the scope of their benefits and do not examine many of the
secondary effects of their projects. After the benefit-cost ratios are
determined, systematic variations in the discount rate are examined
over a realistic range. Also the role of the parameter m and the
relative weight given some of the parameters is discussed. Finally
some of these broader considerations are brought to bear on the
analysis,

Benefit-Cost Analysis

The private and social benefit-cost ratios are quite large. Using a
discount rate of 8%, these ratios indicate a large benefit to both child
and society. The private benefits are meaningful for determining if it
would be rational for each child to be involved in these programs, Of
course, the private costs accrue to the family while the private
benefits will accrue 1-19 years in the future. Thus, the parent must
be assumed to desire the maximization of household benefits over
time even though they may not accrue to him. There were assumed
to be no private costs for food fortification although the very samll
fortification process could be passed on to the family, especially if
the demand for MSG is inelastic. The private BCR’s reported in Table
3 are all very large,

The social BCR’s are more important for socio-economic decision-
making. They clearly indicate the superiority of the capsule program
on the basis of costs and benefits related to X. Fortification of MSG
is next in line. All three programs have very large BCR’s, indicating
economic gains to society from any of these programs. The social
BCR of all the programs fluctuate widely between sexes and zones.
This is due partially to the differential effectiveness rates for the
fortification program, but mainly to the wide: variation in private
earnings of each cohort. Males in the rural coastal barrios had the
highest age-earnings profile.

Sensitivity Analyses

Some of the assumptions upon which the empirical analysis was
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TABLE 3

Benefit-Cost Ratios®

Private Benefit/Cost Ratios Social Benefit/Cost It

CohortP Capsule PHI Capsule PHI Fortificat

Urban Squatter

Males
Age 1-6 569 157
7-16 1005 271
Both 696 16 B3
Females
Age 1-6 533 152
7-16 918 258 b
Both 640 15 83
Rural Coastal b
Males :
Age 1-6 978 256 b
7-16 2008 554 .
Both 1343 30 190
Females , '
Age 1-6 358 100
7-16 1026 280
Both 603 14

3Discount rate = 8% for 25-year period
bEducation will equal 5-7 years for all of these children

based are varied to understand the importance of each assumpi

The Discount Rate

Changes in the discount rate affect both the benefits and the
although there is a bigger effect on the benefits. An increa

s

244




decrease of just 2% in the 8% can lead to significant changes.'® In
Table 4 it is shown that the social BCR for the PHI for urban
squatter males drops from 26 to 10 with the increase in the discount
rate from 6 to 10% (assumption 1). Similar changes occur for all the
BCR. In no case does the BCR approach unity.

The Effectiveness Parameter M

It is most useful to examine the effects of the effectiveness
parameter to see how small it would have to be to equate benefits
and costs. For both private and social BCR’s for the squatter and
coastal male and female cohorts with 5-7 years of education, the
largest effectiveness parameter needed to have benefits equal to costs
is 7.1% for the social benefits and costs for females in the coastal
zone. It is unlikely that the effectiveness of any program would be
that low. Most of the effectiveness parameters would have to be 1%
or less. Only the PHI required an effectiveness parameter in the 1-7%
range.

Mortality Rate Changes

It is assumed that the death rate (pd) for children with X was 15%.
This was felt to be a conservative estimate below the death rates of
25-60% given by other persons who have studied X. Still the
economic benefits of eliminating death are so large that an
overestimate of pd would lead to a much larger BCR. The death rate
was reduced to 5% and the social benefits were recalculated. Then
the BCR for the PHI at 6, 8, and 10% discount rates was determined.
The PHI was selected as it has the lowest BCR and its BCR would be
the likely candidate for a figure below one. The reductions in the
BCR were dramatic; however, none went below one. In Table 4 the
urban squatter and rural coastal male cohorts whose education
attainment will be 5-7 years are given.

Morbidity Effect Changes

A second assumption related 'to the economic benefits of
eliminating X concerns the effects of morbidity caused directly by X.
These economic effects were calculated as an increase in lifetime
productivity of 5%. A reduction of this figure to 1% leads to a slight

lsAt present a discount rate of 15% is used by the Philippine National
Economic and Development Authority.
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reduction in the social BCR’s for the two male cohorts, T
reported in Table 4.

TABLE 4

Social Benefit Cost Ratios: The Effect Of Assumptions
About Mortality Rates And Morbidity Effects For

Public Health Internvention?
Urban squatter Rural coastal
discount rate discount rate
Assumption 6% 8% 10% 6% 8%
MALES
1. No change 3 26 16 10 .49 30
2.pd=5%X 16 9 7 28 17, .
2. Morbidity benefits 24 14 9 44 27
(1%)
4. Both changes 10 6 4 17 11
5. m parameter if
BCR =1 .10 .10 27 .06 .09

(for 4)

425.-year period for cohorts with 5-7 years of education.
Combination of Changes

Considering the economic benefits for a pd = .05 X and
morbidity benefits equal to a 1% increase in productivity lowers
BCR but the lowest BCR is about 4 for a 10% discount rate, '
would mean that the effectiveness parameter m for this cohort
program would have to eliminate and prevent X among 27% of
population for the BCR to equal one. This shows that the 8¢
benefits are greater than the social costs for the PHI under the &
conservative assumptions.
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In Figure 2 the BCR’s for each discount rate for each set of
assumptions are shown. The lines between the three discount rates
are only given to make the trends clearer. The effect of discount rate
increases tends to reduce the BCR more in the change from 6 to
8%. From 8 to 10% the BCR is declining but at a decreasing rate.
Thus, further increases in the discount rate might not lead to large
changes in the BCR.

mil
mll \
Morbidity effects
lower
Social
benef_it-cost Pd = 52’b\of X%
ratio 104 g
~
~
Both ch
oth changes e s e
f4=
LI A N
0—VWA~7 8% T0%
Discount rate
Figure 2. Sensitivity Analysis: Urban Squatter Males
Ed =5 - 7 years -
Other Considerations

Additional considerations include the benefits outside of eliminat-
ing X from each program, the intangible or nonmonetary effects, and
certain general equilibrium or secondary effects.

Additional Benefits

The behavioral impact of the capsule and MSG fortification
programs is limited to the increases in vitamin A intake. The capsule
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reaches only the target children while the fortification program wi
reach the entire household. Little work has been done on the imp
of low vitamin A nutritional status of adults. Consequently, It |
likely this will benefit them but we cannot say how. These addition
benefits will be .quite small in comparison to the Public Heul
Intervention. In the short run, this program will produce mu
changes in the health and nutritional status of the barrios it serv
The immunization of children, the cleaner water supply, becter tol
sanitation, treatment of TB and other diseases, deworming of
children, and the home garden program are some of the compones
of the PHI.

Intangibles: The Nonmonetary Effects

Since the BCR for each program is above 1, there is little reason |
attempt to quantify issues such as feelings of well-being, etc. Rathe
there are other intangible effects which may be more important |
the development process. The key one is the increased mobilizatiol
of the population engendered by the capsule and PHI _-»-u--’:_
especially the latter. Participation on the treatment of the heall
programs is an important facet of any community’s developmenl
The population is less alienated and becomes more willing to invel¥
themselves in other barrio development projects. Most importan
barrio participation is an important goal held by the Philippis
government.

Secondary Effects

This analysis has been based on partial equilibrium analysl
Changes in the relative prices of the various production factors huy
been ignored because they represent only a transfer effect.

The visibility of the PHI is important as this program is moy
likely to be associated with concurrent social changes. Quite possibl
this will involve attitudinal changes which may lead to incre
family planning. Demographers and other social scientists often arg
that the low visibility and lack of social change involved with thi
malarial eradication and other mass public health campaigns for thi
past 3-5 decades did not lead to shift in social attitudes necessary fo
concomitant fertility declines.
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V. Conclusions

The goal is the selection of the program which will be most
meaningful to the Philippines. The benefit-cost ratio and the other
important Filipino development priorities such as participation of
local people and the development of ‘“home gardens” have been
discussed. The BCR can be viewed as a tool which converts the goal
of maximization of economic benefit into a constraint that the BCR
be greater than or equal to one. Then the broader developmental
goals can be examined.

All three programs have BCR’s greater than or equal to 4, even
when the most conservative assumptions about benefits and discount
rates are utilized. If the maximization of economic benefits were the
sole goal, the mass capsule program should be selected. When the
other developmental goals are considered, the PHI appears to be the
most appropriate program. Considerations include the participation
of the population in this program, the development of the Barrio
Health Aides, the greater likelihood of changes in values and
attitudes accompanying the mortality decline, and the health and
nutritional benefits not included in the BCR.

Since the effects of xerophthalmia are so dramatic and the disease
is so widespread and easy to prevent, it is easy to produce large
benefit-cost ratios. For these reasons, xerophthalmia may be the first
major nutritional problem eliminated in many low income nations
since the reawakening of interest in nutrition.
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