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AN APPLICATION OF BENEFIT-COST ANALYSIS
 

TO NUTRITION PROGRAM PLANNTNU* 

by 

Barry M. Popkin 

Introduction
 

This paper reports the results of the benefit-cost analysis of alternate
 
nutrition programs in the Philippines. The programs were designed to elimi
nate and prevent a nutritional disease, xerophthalmia. Caused by vitamin A
 
deficiency alone or in combination with a variety of interacting factors,
 
xerophthalmia is one of the four leading nutritional problems in the world,
 
affects millions of children, and blinds or kills tens of thousands. Utiliz
ing a very conservative definition of xerophthalmia, about 4(Y/0 of the 1800
 
children aged 1-16 in the sample population were affected. 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 primar
ily on a large survey in the Philippines. The results of this project have
 
been utilized in selecting programs to be run on a pilot-project basis over
 
the next two years. 

I. The Conceptubl Framework
 

It might be argued that the primary objective of any health or nutrition
 
project is to increase society's welfare. At the same time, the prevention 
and elimination of xerophthalmia produces significant "real" or monetary ef
fects. Xerophthalmia (X) affects both the future productive time and the 
productivity of children of ages 1-15.1 A higher mortality and total blind
ness rate from X lower the productive time and the increased morbidity and 
partial blindness lower the future productivity.2 Associated with these di
rect benefits are the reduced costs of treatment for the children who would 
have had X and the external effects of lowering X. Decreasing X, in turn, 
lowers the effects of other contagious diseases such as tuberculosis and 
broncho-pneumonia on the target population as well as other age groups. 
There are a variety of more subtle effects of X, especially the less under
stood subclinical deficiency on economic behavior.3 

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

Private Returns
 

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

rp = r1 + r 2 



2 

where rp = total returns, rI = monetary returns, and r2 = the non-monetary com

ponent of rp.
 

For the individual, the appropriate measure of rI is the additional income
 

he/she is able to earn over his/her lifetime. Those persons who either have X
 

or will suffer from it will be benefitted by changes in productivity from lower
 
Those who do not have X will have higher
death, blindness and morbidity rates. 


productivity from lower morbidity rate resulting from less communicalbe disease
 

existing after X is eliminated. Benefits calculated here will be those result

ing from effects which are assumed to be permanent.
 

Most children will benefit from the reduction in the incidence of X either
 

directly or indirectly. The children are divided into four mutually exclusive
 

groups each with different returns.
 

Group a: have xerophthalmia, but do not die or go blind
 
as a result of it
 

Group b: have X and become totally or partially blind as
 
a result of X
 

Group d: have X and die as a result of X
 
do not have X but suffer from a higher incidence
Group nox: 


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 nox) 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.

4
 

Since a child may fall in groups a, b, d, or nox, private monetary returns
 

are viewed as the expected value to the potential recipient (E(rl)). The ex

pected value of each person's potential monetary returns in annual terms for
 

year i are defined as follows:
 

ME(rli) = PanPi (Wi - (Wai + Tai)) (3a) 

(3b)
+ PbnPi (Wi - (Wbi + Tbi)) 

+ PdnPi (Wi - Taxi) (3c)
 

+ PnoxnPi (Wi - (Wnoxi + Tnoxi)) (3d) 

where E(r1 i) = expected monetary returns in year i after the person has entered 

the productive labor force; M = % reduction in the prevalence of X;5 nPi = 
=probability of ,survivingn years until the person is working in year i; Pa 


probability of belonging to group a; Wi = average gross earning for the healthy
 

socioeconomic cohort of this person in group a after X has been eliminated;
 

Wai = average net earnings for group a before X has been eliminated; Tai =
 
marginal income tax on (Wi - Wai); Pb = probability of belonging to group b;
 

Wbi = average nct earnings for individual blinded by X in year i; Tbi = tax on 
difference (Wi - Wb ) in year i; Pd = probability of dying from X (i.e., be

longing to group d) before X has been eliminated; Taxi = total taxes on Wi; 
Pnox = probability of belonging to group nox with no xerophthalmia before X
 

has been eliminated; Wnoxi = net earnings of group nox; and Tnoxi = tax on
 
the difference (Wi - Wnoxi).
 



Figure 1. DISTRIBUTION OF CHILDREN AGED 1-16 
ACCORDING TO XEROPHTHAUMIA PREVALENCE 

Group b 

Blind from X
 

xerophthalmia 

no permanentGru
Children i~ith 


effect from xerophthalmia
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Children without xerophthalmia 

Group nox 

Pnox~o 
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The first term (3a) 
is the benefit stream accruing to an individual who
 
would have had X without losing both eyes or dying. The productivity increase
 
in net income terms is the result of lower morbidity and no partial impairment

of the eyes. 
 The second term (3b) is the net income stream for persons pre
viously blinded. 
The third (3c) is the income stream for persons who would
 
have died (probability Pd) from X. 
The fourth (3d) is the external effects
 
of reduced X on persons not having X whose productivity would rise because of
 
less disease being communicated by persons with X.
 

The total private returns are obtained by aiming E(r1 i) over the relevant
 
range (N) of the person's working life. This range is determined by looking

at the working life of similar cohorts who do not have X.
 

The monetary returns used for Wi are those for people who have 
never had
 
X. This information is unavailable but income streams for persons with eye
sight are available. This information provides a downward bias to the poten
tial monetary returns because these persons would have lower productivity from
 
either 3a or 3d effects.
 

The private monetary return a person should consider when determining

whether to prevent X is the present value of this income stream rli over the
 
period or di-counted at a rate, r, which reflects his/her opportunity cost for
 
invested capital. The present value is given by:
 

n 
 E(r)
 
PV(r I ) = M F rl (4) 

i =1 (l + r) i 

where PV = present value, g = opportunity cost of capital, and i = 1,2,...n,
 
the relevant working life.
 

Social Returns
 

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

Ri = M i E(rij) + R 

where E(r.) is summed over j = 1,2,...p, the p persons benefitted by the pre
vention program. The total social returns, Ri, 
can be split into the monetary
(Rid and nonmonetary (R2 ) components:
 

Ri R R
Rli R2i 
 (5)
 
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 (RI) is the sum of individual money returns (E(ri)),

plus the additional benefits (Rei) 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 sale2 taxes are
 
raised by the additional production of this population. 7
 

These tax increases form one component of Re, the reduced costs of treat
ment form a second. While a reduction in treatment costs does not increase
 

GNP, the economic welfare of society undoubtedly increases due to the reallo
cation of scarce medical resource7s. A third component is the reduction in
 
welfare payments of cash, in-kind, or institutional services to the blind.
 
The transfer payments reduction also represents an increase in s:ocietal wel
fare. Most of these are social 2ervices. The fourth component is the more 
difficult 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 produc
tion (income minus consumption expenditures).9 When all of society is included,
 

certainly the perspective of the program recipients must be included and their
 
consumption is viewed as a component of Ri
 .
 

An additional consideration is potential change in income due to labor
 

force changes. In one year the labor force increase from preventing X will 
be about 1-6%. This may affect the wage rate. Over a ten-year period a labor 
force increase of 10% would produce price effects. It is assumed these labor 
supply increases will not affect the supply of labor in noncohort (middle and
 

upper class) occupations. Thus, the supply increase would be reflected in the
 
same group's occupations. The effects on wage rates depend on numerous factors
 

outside the purview of this analysis. It is assumed that such changes will be
 
less than the underestimation of private returns caused by the use of a lower 
prevalence of X (Pa + Pb + Pd) and a smaller income stream for "healthy people" 
(Wi). 

Total social monetary returns, RI, are the present value in year 0 of the
 
private returns (r'j) and the additional returns to society, Re. This is ex
pressed as:
 

p p n 
 (E(r ) + T. + C + W.. + ATech)
 
R =M E ij ij ti j (6) 

j = i = 0 (1 + rs 

where E(ri.) = private returns for individual j in year i; Ti = the taxes 

for indiviaual j in year i; Ctij = the treatment costs which are not needed 
for individuals; Wij = the welfare payments which previously went to individual 

j in year i; A Tech = the economic and technological change resulting from the 
increase in the health and education of these persons; and r. = the social dis

count rate or any other societal time preference factor. 

Each X prevention program will have a different success rate. The reduc

tion in X, M, is the percent of cases prevented by a program. It relates to
 

the total percentage of persons in the relevant cohort protected from X.
 

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.
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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 procLss, part of the process of increasing wants and at the
 
same time demonstrating that 
'itcan 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."10
 

Program Costs
 

Three different programs are being considered. They are: (1) the pro
vision 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 ex
cludes 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 the time de
voted to home gardening, nutrition education, or public health education programs. 
The quantity of If can be developed only by imputation as earnings

are 
not generated during the investment period. It is possible that this will
 
be costless if the opportunity cost of the labor is zero.
 

The present value of I for each family is:
 
25
PV(I) 2 5 (Id+If(7) 

= 0 (1 + r)tt 

where time begins at age one and covers the first 16 years of the person's
life;l l Id = direct private outlays; If = indirect (opportunity cost) outlays;
and r = the oppo.rtunity cost of capital for the family. 

Social Costs
 

The direct social costs (Sd) consist of the fixed investment in training

and other facilities, and the operating and maintenance costs for the various
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programs. 
In addition the net costs of any food or other subsidy are included.
The largest fixed outlays will be for the fortification equipment and the

training facilities. 
The societal cost, or more appropriate social oppor
tunity cost, is independent of who pays for the program.
 

The present value of the social cosbs of the X program is:
 
PV(Sd) = 252 
 Ot + Kt (8)
 

t = 8 0(.+ rs)t
 

where Ot = operating costs in year t; 
Kt = outlays for facilities and equipment
in year t; and rs = 
the social discount rate. 
 These costs are the aggregate
 
ones for reaching a specific population group.
 

Research costs, which can be viewed as joint costs with the application

costs analyzed here, are excluded.12 
 Numerous technological breakthroughs

instrumental in the development of these programs have preceded this project.13
 These can be viewed as a fixed cost which should not affect the present invest
ment decision. Also, Weisbrod showed that research costs were nominal relative
to the application costs for the polio vaccine and this should be 
similar for
4
X.1


Other Considerations
 

There are several factors affecting the questions of time horizon. 
One
aspect of this is the period of time studied. 5 The programs will be analyzed
for their effects over a 25-year period. 
Several of the programs require fixed
 
costs and the education programs require larger initial 
operating costs (Ot)
and fixed costs (Kt). Undoubtedly a shorter time horizon would lower the relative attractiveness of the education and produce an unfair comparison. 
Furthermore, it is likely that these programs, if successful, would function for 25
 
years.
 

A second critical issue deals with the prices attributed to interest,

foreign exchange and wage rates for the societal analysis. The overvaluation

of foreign exchange is 
common in low income nations. The rapid inflations

and the widespread black markets are 
indicative of this distortion.16 Along
with the underpricing of foreign exchange has gone the cheapening of domestic

capital. Various adjustment techniques can be utilized to assign prices which
reflect real social costs and benefits. These "shadow prices" are utilized

here for capital costs. 
Since minimal foreign exchange is needed, shadow

foreign exchange rates are not utilized. Shadow pricing of labor costs was
 
also not done.
 

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 revolution" effort. Thus,
it could be argued that part of the home gardening costs should be attributed
 
to this development effort. 
 In this case, only the marginal expense of the
X programs to the government would be included. 
The cost valuations utilized
here include these components; consequently the incremental benefit-cost ratios

will be greater to the government than those determined here.
 

http:distortion.16
http:project.13
http:excluded.12
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Benefit-cost analysis and other developmental criteria enunciated by the
 

Philippine government are used to evaluate these programs. While a benefit-cost
 

ratio (BCR) can include certain relevant considerations such as the implications
 

of these programs for various classes and their employment impact, other valid
 

developmental considerations are excluded. A BCR is based on the maximization
 

of production and ignores all nonmonetary considerations. Basically, production
 

is maximized rather than individual or social utility. Certain societal goals
 
such as community participation in development programs and the development of
 

meaningful institutions for delivering services to the barrios can be ignored
 

when this approach is used.
 

II. The Empirical Analysis
 

In this section the benefits and costs of each program are determined in
 
a three-step process. First, the private and social costs and potential effec
tiveness of each program are specified. This gives us PV(I) and PV(Sd) and M
 
for each of the three programs. Second, the private and social benefits assum
ing that the xerophthalmia is eliminated completely are derived. This provides
 
the present expected value of the private benefits PV(rl) and the social bene
fits R. The third step is the combination of the first two steps into private
 
and social benefit-cost ratios. These ratios are calculated for each age-sex
education-zone grouping (cohort).
 

The private benefit-cost ratio is:
 
MkPV(rl) 
 (k =1,2,3)
 
PV( 1)k
 

where M is the effectiveness for program k for a given age-sex-zone grouping;
 
PV(rl) is the private benefits for eliminating X completely; and PV(I)k are the
 
private costs for program k.
 

The social benefit-cost ratio is:
 

MkR (k = 1,2,3) 

PV(Sd)k
 

where R is the total societal benefit for the 25-year period under which the
 
program will function; PV(Sd)k are the total societal costs for the program k
 
over that same time period; and Mk is a weighted average of the effectiveness
 
of the program for the 1-6 and 7-16 age groups for each sex-zone cohort.
 

Four ecological zones--urban squatter areas, urban fringe barrios, rural
 
coastal barrios, and hinterland barrios--have been studied. In each zone,
 
three separate areas or barrios were sampled to obtain data on 1800 children
 
and 660 families. Data from this study was used to determine the benefits and
 
costs reported next. In addition, the effectiveness parameter M is based on
 
this data.
 

A basic assumption implicit in the separate analysis of each program is
 
that the three programs are independent. While time effects of each can be
 
viewed as being mutually exclusive of the other two programs, this does not
 
mean that their results are additive. Clearly the fortificatiou and capsule
 
programs overlap completely. It would be possible, however, to combine either
 

of these programs with the Public Health Intervention (PHI).
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Private Benefits1
7
 

The age-earnings profile for "healthy" persons from the relevant educa
tion-sex-zone cohorts, the earnings profiles for those affected by 2 (3a, 3b,
 
3d), the probabilities of belonging to the four groups and the marginal tax
 
rates are needed to determine the expected value of benefits for each child
 
if X is eliminated completely. The effects are analyzed for each age.-scx
education-zone cohort for the following reasons.
 

(1) the age- aid sex-specific incidence and effects of X are
 
different;
 

(2) the economic performance of females and males differs;
 
(3)education and income are highly correlated; moreover the
 

structure of educational achievement appears to shift
 
rapidly in the Philippines; and,
 

(4) zonal (ecological) effects on education, income, and the
 
incidence and effects of X are significant.
 

While benefit-cost ratios were calculated for 56 age-sex-education-zone cohorts,
 
the analysis will focus on the cohorts with 5-7 years of education (grade
 
school graduate) from the squatter and coastal zones.
 

The "healthy" persons were the adults in the zones who were not blinded 
by X or any other factor. The sample excluded the top 25% of the Cebu income 
strata. 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. Earnings 
functions were useg to determine these profiles. The earnings functions are 
shown in table 1.1 The unusual dip in the income for males between the ages 
of 35-44 could not be explained so it was not revised. 

Income streams for mothers were calculated based on the income of worien
 
who worked. There are two reasons for this. First, an economically rational
 
woman would work if the value of work were greater than that of not workinig.
 
Since about 60% of the women do not work, rational reasons exist for their
 
being at home. One solution would have been to attribute a wage rate to work
 
in the home and then analyze the earnings of all women. Women "abstain from
 
entering into" the labor market because "they reject the wage offered to them
 
by the market as an adequate compensation for the loss of their nonmarket
 
productivity. This is particularly true in the case of mothers of young chil
dren."1 9 Of course, jobs might not be available in which case the average
 
earnings would be overstated when the incomes of unemployed women who are
 
looking for work are excluded from the earnings function.
 

Second, if no value were placed on the work of a woman at home, this
 
might show that saving the lives or eyes of girls is irrational. Clearly
 
this is not the case. It is clear that a woman chooses not to work fcr valid
 
reasons.
 

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. Simul
taneously, the proportion of working women declined during this age group.
 



Table 1. 	 EARNINGS FUINCTIONS FOR THE MOTBR AND FATHER* 

Income, Fathers = 86 + 16 Zone 2 + 53 Zone 3* - 13 Zone 4 - ii Ed (1-2) + 5 Ed (3-4) + 61 Ed (5-7) 
(39) (39) (4o) (69) (58) (55)
 

+ 56 Ed (8-9) + 121 Ed (10-1i) + 301 Ed (Coll) + 162 Age (2 5 -2 9 ) + 216 Age (30.34) 
(61) (62) (66) (58) 	 (56)
 

(R2
+ 198 Age (39-39) + 171 Age (40-44) + 212 Age (45-49) + 142 Age (50+) .21) 

(55) 	 (59) (73) (71)
 

Income, Mothers = 37 + 31 Zone 1 + 118 Zone 2# + 42 Zone 3 + 29 Ed (1-2) + 60 Ed (3-4) + 38 Ed (5-7)
 
(44) (41) (38) (71) (53) (53)
 

+ 49 Ed (8-9) + 162 Ed (10-li)# + 173 Ed (Coil)# + 41 Age (25-29) - 46 Age (30-34)-/
 
(68) (70) 	 (69) (48) (46)
 

= 
+ 8 Age (35-39) - 3 Age (40-44) - 39 Age (45+) (R2 .23)
 

(50) (54) 	 (62)
 

* Each variable is a (0-i) dummy variable. Standard deviations of the coefficients in parentheses. 

** 	 Significant at .10/ level.
 
# Significant at .01% level.
 
## Significant at .05% level.
 
a/ Adjusted in later analysis to +25 age (30-34).
 

0 
r-4 



Data was unavailable to back up this assumption but arbitrary adjustments were
 
made to allow women aged 30-34 to each half of the earnings difference of
 
women aged 25-29 and 35-39. The adjustment changed the coefficient for age
 
(30-34) to 25.
 

There is a downward bias in the "healthy" income profiles (Wi) 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 3a and 3d.
 

In equation (3), marginal tax rates were used to determine the net after
 
tax benefits going to each cohort. 
 In a study of the marginal tax 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 income groups. A weighted average of the tax burden for
 

20 


each income quartile was used to determine the average and marginal tax rate
 
of 16.85% for this population.2 1
 

The most difficult benefits to determine were those accorded to persons

who would not be blind. A substudy of blind persons from the 4,450 persons

in the sample was used to estimate the age-earnings profiles of blind persois

(Wbi) and the age-specific incidence of blindness (Pb) associated with X.
 
Fifty-five blind persons or their parents were 
interviewed. Only 4% of the
 
males and 24% of the females were inactive. Because of the significantly

different earnings patterns for males and females, separate Wbi were 
esti
mated. The earnings functions are:
 

(1) Female income = -4 + 5 blind (1 eye = 1) + 10 Age (1 7-30 )xx
x
 

(6)
 
+ 4 Age (31-40) + 26 Age (4 1 -50 )xxx + 4 Age (51+) 

(8) ( 2
(6) (6) .587)
 

(2) Male income = -28 + 102 blind (1 eye = 1) + 63 Age (17-30)
 
(94) (i18)
 

+ 69 Age (31-40) + 13 Age (41-50) + 57 Age (51+)
 
(137) (193) (109) ( 2 137)
 

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

The small sample size aid not allow differentiation of the incomes by zone.
 
As contrasted with the earnings before the age of 16 for blind males, 
sur
prisingly few "healthy" males earned an 2 2
 income before that age.


The probability of blindness associated with X was 
-stimated at .001514
 
(1 of every 661 children) aged 1-6 and .000462 for the ages of 7-16. 
 The
 
other probabilities were based on the survey and othe-
 icientific studies.
 
The average prevalence of X was 40%. 
Of these, it was asL.med 15% (Pd) would
 
die. Most medical researchers estimate a mortality rate from X of 25 to 50%

but these studies have not been very careful. The remainder of those with
 
X (%X - (Pb + Pd) ) are in the Pa group.
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The economic effect of the behavioral changes from the nunpermanent X
 

We are forced to make an assumption
and Pnox) has not been established.
(Pn this P. ente
nbout these effects. The productivity of each person with X in 

5% less than that of the average healthy person
gory will be assumed to be 
(Wi). 3 This 5'/ fViure results from a sequence of efrects. They include the 

partial effect of xerophthalmia on school performance, the 
resultant effect
 

of changes in school performance on mental productivity, 
and the combined ef

fect of schooling and mental productivity (as measured by 
a factor such as IQ)
 

on earnings.24
 

A variety of diseases whose incidence or severity may be increased 
by X
 

are communicable. These include tuberculosis, upper respiratory infections,
 

and pneumonia. The reduction of X should lead, in turn, to an overall reduc

tion in these diseases among the population without X. All students of epi

demiology and public health discuss this general relationship although 
little
 

quantifiable documentation exists to identify the linkages in human 
populations.
 

These external effects are tangible in the case of reduction in X lowering
 

the morbidity of the nonX population. They also are intangible when the effects
 
reduction in the number of are not quantifiable. One example of this is a 

not have
"blind beggars in the street". Of course, all of these effects do 

a result of the increased health
 to be positive. Some people may suffer as 


of another person. Most clearly this is seen if the reduction in the mortality
 

rate leads to a large increase in unemployment. Some of these unemployed per

sons 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 precentage increase
 

in productivity. They are calculated only for children although adults would
 

also benefit from a reduction in the incidence of communicable diseases 
among
 

In this case, the effect will be a 1% increase in lifetime
the X population. 

These effects are very small.
productivity for the children aged 1-16. 

The
 

four-year old male and female 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 cild,
 

the sum of the probability of each benefit times this benefit is calculated
 

for the four benefit categories. An example is given in table 2. For the
 

morbidity category, the expected value of the morbidity benefit (Wi - Wai)Ti
 
.3295. The sum
 was $37. The probability of belonging to this category was 


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.
25
 

If one person from this cohort were to be benefitted 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 figure represent present values over a 25-year period.
 

Social Benefits
 

Economic benefits were estimated for three categories of social benefits
 

for 600 children in each cohort. The 600 figure was based on the fact that
 

http:completely.25
http:earnings.24
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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. 

Table 2. ECONOMIC BENEFITS FROM THE 
ELIMINATION OF )EROPHTHALMIA 

Cohort: Urban Squatter 
Males - Education 
Age 1-6 5-7 yrs. 

Private Person P.V. Benefit Probability 

Expected Value of the Present Value
 

of Sum of:
 
A. Pa nPi (Wi -(Wai + T ai)) Morbidity = (37) .3295 = $12 

B. Pb nPi (Wi -(Wbi + Tbi)) Blind = (324) .0015 = $ 0 

C. Pd nPi (W. - T .) Death (738) .059 = $44
 

D. Pnox nPi (Wi -(Wnoxi + Tnoxi)) External = (7) .6l = $ 4 

Expected value one year = $60
 

(i = year 1,2,...60)
 

(nPi = probability of survival year 1 to 1 + N) 

The treatment benefits are the amount of savings coming from the reduced
 

treatment for the children, both in rural and urban health centers (outpatient
 

care) and hospital or other inpatient centers. It was estimated that only 4%
 

of the children with X would be treated by outpatient clinics. The total cost
 

for four visits was estimated conservatively at $.50. Only 0.25% of the chil

dren with X will be placed in a hospital at an average cost of $60 based on
 

a stay of 12 days, at $5/day. Thus the average cost per child for the urban
 

squatter cohort of males aged 1-6 is $.0078 for outpatient care and *.0585
 
Of this cohort (600), 39% have X at a total treatment
for inpatient care. 


cost of $40 for one year.
 

The tax figure was calculated directly from the private expected value
 

of the cohort's benefits since this sum represented the after tax benefits.
 

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, etc.
 

The residual effect of better health (6 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.
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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 correct, 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.26 The 

overestimation results from the younger age group with its smaller benefits 
being slightly undervalues relative to the older age group. 

Basically each year 1/16th of the sample is assumed to be benefitted 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 bene
fits occur over a 25-year period, the present value of these benefits was cal
culated. 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, 95% of the benefits from the complete 
elimination of X would be received by the population if'the benefits at each 
level of M were independent of benefits at other levels. The program effec
tiveness will be assumed to be equal among all the population for which X is 
eliminated or presented. Consequently if 80% of the population were completely 
cured of X while the remaining 20% were only 50% cured, M would equal 900. 

M was estimated for each age-sex-zone cohort based on a variety of issues.
 
For instance, the M for the fortification program ircluded 10(0 of the children 
reached daily by MSG fortification plus 75% of the children reached 2-6 times 
weekly minus the children with TB. There are significant variations in this 
M. For males in the squatter areas, M = 69% for ages 1-6, and 90% for the age 
group 7-16. For the capsule M varied between 94 and 98%; for MSG fortifica
tion, 69-97%; and for the PHI, 93% for all children. 

Program Costs 

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

A second assumption relates to the indirect outlay, If, or opportunity
 
costs of the time family members spend caring for a home garden or attending
 
nutrition education meetings. These costs, If, are treated as zero. The
 
largest cost would be the time spent in gardening. In this sample, about 60%
 

http:benefits.26
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of the population or 95% of those people who can garden do this already. 
Little additional time would be required by the home gardening component of 
the PHI. Rather more efficient techniques, improved seeds and cuttings,
 
fertilizer and spray would be used. Minimal time will be required for the
 
education programs.
 

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

III. 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 in
tangible, 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 each 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 maximiza
tion 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 small 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 socioeconomic decis% .-making.
 

They clearly indicate the superiority of the capsule program on t. 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.
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Table 3. 	 BENEFIT-COST RATIOS- ! 

Private Benefit/Cost Ratios Social Benefit/Cost Ratios 
Cohortb /  	 Capsule PHI Capsule PHI Fortification
 

Urban Squatter
 

Males
 
Age 	1-6 569 157
 

7-16 1005 271
 
Both 
 696 16 83 

Females
 
Age 1-6 533 152
 

7-16 918 258
 
Both 
 640 15 83
 

Rural Coastal
 

Males
 
Age 	1-6 978 256
 

7-16 2008 554
 
Both 
 1343 30 190
 

Females
 
Age 	 1-6 358 100 

7-16 	 1026 280
 
Both 603 14 86 

a/ Discount rate = 8% for 25-year period.
 
b/ Education will equal 5-7 years for all of these children.
 

Sensitivity Analyses
 

Some of the assumptions upon which the empirical analysis was based are
 

varied to understand the importance of each assumption.
 

The 	Discourt Rate
 

Changes in the discount rate affect both the benefits and the costs al
though there is a bigger effect on the benefits. An increase or 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 i% or less.
 
Only the PHI required an effectiveness parameter in the 1-7% range.
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Mortality Rate Changes
 

It was assumed that the death rate (Pd) for children with X was 150. 
of 25-(,)D' , This was felt to be a conservative estimate below the death rates 

given by other persons who have studied X. Still the economic benefits ot' 

eliminating death are so large that an overestimate of I'd would lead to a lmuch 

larger BCR. The death rate was reduced to 50 and the social. benefit.; were
 
10% discount rate, wa,;recalculated. Then the BCR for the PHI at 6, 8, and 

as it has the lowest BCR and its IBC!R woulddetermined. The PHI was selected 
likely candidate for a figure below one. The reductions in the B1CRbe the 

none went below one. In Table 4 the urban squntterwere dramatic; however, 
education attainment will be 5-7 year:;and rural coastal male cohorts whose 

are given.
 

SOCIAL BENEFIT COST RATIOS: THE EFFECT OF ASSUMPTIONSTable 4. 
ABOUT MORTALITY RATES AND MORBIDITY a EFFECTS 

-INTERVENTIONFOR PUBLIC HEALTH 

Urban squatter Rural coastal 
discount rate 

8% 10% 6% 8 , ]O.0 
discount rate 


Assumption 6%X, 

MALES 

10 30 19
1. No changes 26 16 49 

9 7 28 17 1116 

14 9 14 27 17 
2. Pd = 5% X 
3. Morbidity benefits (1%) 24 

6 4 17 11 74. Both changes 10 


5. M parameter if BCR = 1
 
.10 .10 .27 .06 .09 .1.5(for 4) 


25-year period for cohorts with 5-7 years of education.a/ 

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
 

increase in lifetime productivity of 5%. A reduction
 were calculated as an 

of this figure to 1% leads to a slight reduction in the social BCR's for the
 

two male cohorts. These are reported in Table 4.
 

Combination of Changes
 

.05 X and the morbidity
Considering the economic benefits for a Pd = 


benefits equal to a 1% increase in productivity lowers the BCR but the lowest
 
This would mean that the effective-
BCR is about 4 for a 10% discount rate. 


ness parameter M for this cohort and program would have to eliminate and 
pre-


This shows that
vent X among 274 of the population for the BCR to equal one. 


the social benefits are greater than the social costs for the PHI under the
 

most conservative assumptions.
 

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
 



18 

Figure 2. SENSITIVITY ANALYSIS: URBAN SQUATTER MALES 
Ed = 5-7 years 

26-


No changes
 

20"
 

Morbidity effects
 
lower
 

Social
 

benefit-cost
 

ratio
 

Pd= 5 ofX 

10-


Both changes 

Discount rate
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the trends clearer. The effect of discount rate increases tends to reduce
 

From 8 to 10% the BCR is declining
the BCR more in the change from 6 to 8%. 


but at a decreasing rate. Thus, further increases in the discount rate might
 

not lead to large changes in the BCR.
 

Other Considerations
 

Additional considerations include the benefits outside of eliminating 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
 

The capsule reaches only the
limited to the increases in vitamnin A intake. 


target children while the fortification program will reach the entire house-


Little work has been done on the impact of low vitamin A nutritional
hold. 

status of adults. Consequently, it is likely this will benefit them but we
 

cannot say how. These additional benefits will be quite small in comparison
 

In the short run, this program will proto the Public Health Intervention. 


duce major changes in the health and nutritional status of the barrios it
 

serves. The immunization of children, the cleaner water supply, better toilet
 

sanitation, treatment of TB and other diseases, deworming of the children, 
and
 

the home garden program are some of the components of the PHI.
 

Intangibles: the Nonmonetary Effects
 

Since the BCR for each program is above 1, there is little reason to
 

attempt to quantify issues such as feelings of wellbeing, etc. Rather there
 

important to the development
are other intangible effects which may be more 


is the increased mobilization of the population engenprocess. The key one 


dered by the capsule and PHI programs, especially the latter. Participation
 

an important facet of any commuon the treatment of the health programs is 


nity's development. The population is less alienated and becomes more willing
 

to involve themselves in other barrio development projects. Most important,
 

barrio participation is an important goal held by the Philippine government.
 

Secondary Effects
 

This analysis has been based on what economists term partial equilibrium
 

Changes in the relative prices of the various production factors
analysis. 

The general equilibrium effects of X may not disintegrate
have been ignored. 


quickly. A program which lowers the age-specific death rates of children 1-16
 

by 1-6% (excluding the other PHI effects) could lead to dramatic increases 
in
 

the labor force. Labor force increases should lower the earnings of labor or
 
This,


raise the unemployment level such that the average earnings decline. 


in turn, would lower the earnings streams of the children benefitted 
by the
 

X program. The potential impact of these changes was not predicted but it is
 

To the extent that they
important to be cognizant of the potential effects. 


will exist, the BCR's will overstate the individual and social gains 
from these
 

programs.
 

The visibility of the PHI is important in light of this discussion. 
The
 

visible changes brought by this program will be more readily understood 
by
 

a result the PHI is more likely to be associated with concurrent
the people. As 
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social changes. Quite possibly this will involve attitudinal changes which
 
may lead to increased family planning. Demographers and other social scien
tists often argue that the low visibility and lack of social change involved
 
with the malarial eradication and other mass public health campaigns of the
 
past 3-5 decades did not lead to shift in social attitudes necessary for con
comitant fertility declines.
 

It is debatable whether the types of structural and social changes in
volved in the PHI program would produce these shifts in the number of children
 
desired, etc. Nevertheless, the possibility of attitudinal change is much
 
greater with this program, especially when the residents participate in its
 
execution. At the same time, it is obvious few of these attitudinal changes
 
could occur as a result of the other two programs.
 

IV. Conclusions
 

The goal is the selection of the program which will be most mean ngful
 
to the Philippines. The benefit-cost ratio and the other important Filipino
 
development priorities such as participation of local people and the develop
ment of "hcne 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 utuilized.
 
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.

26
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Health" Journal of Political Economy 80 (March-April 1972), 223-255.
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nutritl.on on human capital see Popkin, "Economic Benefits from the Elimina
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3 Mishan has shown how the concepts of benefits utilized in this discussion
 
are inconsistent with a utility-based Pareto base of cost-benefit analysis.
 
E. J. Mishan, "Cost-Benefit Rules for Poorer Countries," in Benefit-Cost
 
Analysis 1971 edited by Arnold Harberger et al. (Chicago: Aldine-Atherton,
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5 It is assumed each category of effects are charged equally by a given pro
gram. Thus each program will reduce the effects 3a-3d equally by M. This
 
means E(rli) assumes 100% or complete benefits and M is a figure between 0
 
and 100%.
 

6 The use of cross-sectional data for the various income streams hides future
 
real growth in income. A real growth factor of 2% will be subtracted from
 
r. This assumes that relative returns for the various cohorts are constant.
 
This growth rate of 2% appears in line with the economic performance of the
 
Philippine economy over the past 20 years. In 1973 the growth rate increased;
 
however, the oil crisis will slow down this increase. The 3.1% population
 
growth rate is a key factor in producing this lower increase in real GNP per
 
capita. Gerardo P. Sicat presents information on this growth rate in Economic
 
Policy and Philippine Development (Manila: University of the Philippines
 
Press, 1972), p. 5.
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80
 

(March-April 1972), 328-346.
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tables and fruits.
 

14 Weisbrod, op. cit.
 

15 A second aspect is the social time preference on the criteria by which so

ciety rates present various future consumption. The presence of poor health
 

in a population would tend to make the poor weigh present consumption more
 

heavily (producing a higher rate). After all, if you will be dead in five
 

years, you will rate the present very highly. This and other questions about
 
= 10% has been selected.
social time preference are ignored and an arbitrary rs 


16 There is a voluminous literature on this issue. Stephen R. Lewis, Jr. has
 

an excellent discussion in "Agricultural Taxation and Intersectoral Resource
 

Paper presented at Conference on Strategies for Agricultural
Transfers." 

Development, Stanford University, 1970. Also, S. R. Bose and E. H. Clark,
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Pakistan Development Review 9 (1969), 273-308; and I. M. D. Little, "The Real
 

Cost of Labor and the Choice Between Consumption and Investment," Quarterly
 
Journal of Economics 75 (February 1961), 1-15.
 

17 One important caveat deals with the additional benefits provided to these
 
children jointly with the elimination and prevention of X by the Public
 
Health Intervention. These benefits could be determined directly as we are
 
doing for the benefits from eliminating X or a second approach could be fol
lowed. The second approach would see how much the benefits from the PHI pro
gram would have to be to outrank the benefit-cost ratios of the other programs.
 
This approach would attempt to understand what additional benefits would be
 
required for the PHI to be competitive with the other programs. If the PHI
 
outranks the other programs without these additional benefits, then these 
joint "extra" benefits would be viewed as an additional advantage for the 
PHI. The latter approach will be followed here.
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18 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's of .20-.25 are normal for earnings functicns based on 
ungrouped cross-sectional data.
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ous) barrios, 81% of the income was from businesses 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 contribu
tions from other household members.
 

23 Although it is impossible to justify a figure such as this 5%, the author
 
f'els it is reasonable based on the wide range of behavioral effects of X.
 
T e various effects of X on morbidity and mental performance are felt to be 
important by most nutritional and medical researchers. A longizudinal study
 
is being conducted now in an attempt to understand some of these morbidity
xerophthalmia relationships.
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