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The overall allocation of resources to agricultural production
research related to deveioping countries is uaually being justified,
at least in part, on the basis of existing and/or prospective future
deficiencies in human nutrition. Once the overall resource allocation
has been justified, however, project rescurca alloceation is usually
done on the basis of other factors such as farm returns, etc. and the
expected and obtained impact of the research on human nutrition re-
ceives little gnnlytical attention. Attempte by economiste to seek in-
formetion to help direct agricultural production research in such a way
as to improve its impact on human nutrition are few and far between 1/.
Other "more important' issues, such as the impact of the research on net
farm revenues, labor and land productivity, foreign exchange earnings and
the agricultural sector as a promoter for genersl economic developmernt
tend to occupy the minds of the economfsts,

Furthermore, it ie interestimng to note thet although sericus at-
tempts are being made to explain successful economic development 1ﬁ terms
of improved human welfare, improving humen nutrition by itself ie not
generally accepted as one of the principal objectives of development pro-

grams. It is argued that, with a few minor exceptions, improving nutrition

Acknowledgment is due to A. Pradilla for valusble suggestions wmede
during the preparation of this paper.

1/ Recent attempts to increase the quantity and quality of protein in
staple foods through plant breeding smd fortification have created
some interest among economists, but most economic research related
to the subject has been of a descriptive and global nature with
very limited utility for research resource allocatior.



has a very small multiplier effect on general economic growth, hence
does not help create self-sustained economic development 2/.

The primary objectives of this paper are (1) to discuss the im-
portance of improved nutrition in economic growth and human welfare
and (2) to demonstrate how economic analysis may contribute to an im~
proved agricultural research resource allocation if improved bumeén nu-~
trition is a goal, The empirical analysis is carried out as a case
study of the potential impact of agricultural production research on
human nutrition of the population of the city of Cali, Colombia, The
impact of hypothetical supply expansions of selected food commodities
on the intake of calories and protein ofla group of randomly selected
consumers at various income levels is estimated. The impact of supply_
expansions is compared to tha; of increasing consumer incomes.,

Data for the analysis were obtained from a stratified rendom
sample of households on & number of factors including femily size and
age distribution, family incomes, quantity consumed of each of all major
foods during a given time period and prices paid for the foods consumed,
Thg sample households were divided into five economic strata and the
following variables were estimated for each strata: (1) present level
of consumption of each of certain selected foods, (2) present level of
calories and protein intake, (3) present expenditures on each of the
foods, and (4) income, price and cross elssticities for each of the

foods. These variables were then used to estimate the impact of se-

2/ Review of a number of widely used textbooks on economic development
revealed that these books gemerally do not explicitly state improved
nutrition of the present generation s2 a msjor development goal.




lected hypothetical levels of increase in the production of each of
certain selected foods on the calorie and protein intake by income
strata, Finally, the nutritional impact of (1) expanding food pro-
duction at a constant demand function and (2) expandinglfood produc~
tion and consumer incomes so as to maintain food prices constant, i.e,
the impact on nutrition brought about by increased consumer real in-
come due to reduced food prices and that which is due to increased
consumer earnings were estimated,

The paper is divided into three parts. First, the role of im--
proved nutrition in economic growth and human welfare is discussed
briefly. Then follows a discussion of the results of the quantitative
analysis outlined above and the paper concludes with a discussion of
the implications for agricultural production research if the nutri-
tional aspects of expanded food production were to play a greater role

in the allocation of agricultural production research resources.

NUTRITION, GROWTH. AND WELFARE

Nutrition and economic growth

For the purpose of this discussion, it is essential to distinguish
between the impact of expanded food production on economic growth and
the impact of improved nutrition. While the role of expanded food pro-
duction in the economic growth process has been widely documented (18),
no general agreement has been reached as to the role of improved nutri-
tion as a growth factor. Likewise, it is important to distinguish be-

tween increased food consumption and improved nutrition. The impact of



increasing food consumption on mutrition will depend on the nutritional
value of the foods concerned as well as the nutritional level of the
consumer. Increased food consumption among high income consumers may
have little or no impact on nutrition,

While formation of physical capital was regarded by the classical
and the neo-classical economic growth theory as the key requirement for
growth, the neo-classical theory did emphasize the importance of techno-
logical change in the growth process (3). It was not until recently,
however, that "investment in man" became to play an important role in
growth theory (19), Still, the capital/output model was not abandoned,
Instead, the concept of capital accumulation was widened to include,
‘besides physical investment, "investment in man', sometimes labelled
"{nvestment in human resources" (19, 3). Since the wide variety of
factors that might play a significant role in improving human resources
was difficult to quantify, one or more factors were singled out to re-
present the group. Investment in education is the factor most fre-
quently used for this purpose.

Considering man exclusively as a production resource we may define
the objective of investment in human resources strictly as improving the
resource productivity., However, even under this assumption it ie obvious
thet, in addition to education, we must include in our growth model health,
nutrition and maybe other variables such as motivation and desires. Ob-
viously, & certain correlation exists among these variables.

Improved nutrition serves as an economic growth factor through in-

creasing productivity of the labor force and entrepreneurs either directly,



or indirectly through improved health and mental capacity. A considerable
amount of empirical evidence exists on the relatiounship between nutritional
level and labor productivity. Leibenstein (12, p. 65) reports that a study
carried out in Germany in the 1940s showed that a 21 percent increase in
total calorie intake by comstruction workers resulted in an almost 50 per-
cent rise in output. Oshima (20, p. 27) estimated that a 20 percent in-
crease in total cslérie intake by the average adult Asian would increase
the capacity to work by more than 40 percent,

The impact of improved nutrition on labor productivity may be direct,
as in the above mentiomed ltddie-. or it may be indirect through improved
health and mental development. While under and malnutrition 3/ by itself
may be considered a disease such as for example kwashiorkor, which is dus
to severe protein deficiencies, maybe the most important consequence of
under and malnutrition is reduced disease resistance. Myrdal (19, p. 1549)
states that "in all South Asisn countries and particularly in the biggest
and poorest of them, India and Pakistan, a major cause of ill health is
serious undernutrition and malnutrition among the masses of the people',
Belli (4) shows a.hlsh correlation between the nutritional level and the
frequancy of occurrence of a large number of diseases, in particular with
respect to pregnant women and infants where the impact of nutritional de-
ficiencies on health is most serious.

The impact of improved nutrition of pregnant women and children on

labor productivity will not be felt, of course, until the children reach

3/ Undernutrition means inadequacy in the quantity of the diet, i.e.
in calorie intake, while malnutrition means inadequacy of the nutri-
tional quality of the diet (37, p. 36).
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the age where they are expected to participate in the production process.
By that time, the under or malnourished child is likely to have had more
and/or more severs diseases than the well-nourished child of the same age.
Furthermore, the probability that he will not reach that age is consider-
ably higher. In Colombia, 12.6 percent of all children born, die during
their first year. Half of these children die from malnutrition (35, p.
244).

Under and malnutrition tends to influence motivation and initiative
both by itself and through diseases, hence the performance of the mal-
nourished child in school, if exposed to formal education, is likely to
be less than that of the well-nourished child and his value as a pro-
duction resources is likely to be low,

The impact of under and malnutrition on mental development is an-
other reason why his productivity may be low. Although there is some
disagreemant among experts, it appears that malnutrition during preg- -
nancy and/or the early pariod of life may produce irreversable brain
damage. Belli (4) reports a number of studies showing a significant
correlation between malnutrition and IQ. Pollict (26) warns us, how-
ever, that since malnutrition is usually aalociated:with extreme pover-
ty, it is difficult to separate the impact of malnutrition on intellec~
tual development from the impact of other adverse conditions such as
apathy and insufficient learning opportunities.

Although the impact of improved nutrition on health is most se-
'rious smong infants and young children, it may play an'important role
among adults. Poor health amont adults due to malnutrition is likely

to contribute significantly to & reduction in labor productivity. It



is not clear to what extent this factor is taken into account in the pre-

viously mentioned studies on nutrition and labor productivity.

Nutr a V n are

According to traditional economic growth theory, improved nutrition
would be considered consumption rather thlﬁ investment and hence non-
viable as & factor contributing to self-sustained economic growth (14,

p. 5). Improved nutrition was expected to be an outcome of the growth
process but was not expected to promote the process. We have now coms to
believe that improved nutrition does play a role as a promoter of economic
growth, particularly in cases of very low nutritional levels., Hence, we
may argue that improved nutrition contributes to immediate human welfare
through consumption as well as to the welfare of future generations
through improvements of the human production resources. We hasten to add
that from the point of view of economic growth alone, this argument does
not justify including improvement of nutrition as a principal objective
of economic growth plans without empirical information on the contribution
to economic growth of improved nutrition relative to that of other growth
factors. It does, however, in our opinfon, justify including improved
nutrition in the growth models as a growth factor in its own right.

While it is quite clear from avajlable empirical results that in-
vestment in education generally has a high pay-off (29,31), empirical
studies are scarce on the pay-off from investment in programs aimed at
improving nutrition. Hence, until further information is made available
it is probably not advisable to justify investment in nutrition programs

exclusively on the basis of its impact on the growth process,



Is the direct impact on human welfare sufficiently important to jus-
tify improved nutrition as a major goal in economic development plans?
Obviously, improved nutrition and the associated improvements in health
would contribute to human welfare. Levinson and Call (14, p. 5) argue
that programs to improve nutrition could be justified exclusively on
their immedistely impact on human welfare when they ask "why not say
that by improving the nutritional status of people we are directly im-
proving their health, and hence well-being, in the same way we would by
eliminating malaria or smallpox? Without separating growth and welfare
objectives, the Commission on International Development (22, p. 62)
argues that 1npto§ed nutrition is indispensable "in order to raise gen-
eral standards of health, the productivity of labor, and the general qua-
lity of life".

Since economic growth is promoted by an expansion in food production
and, to some extent, by improved nutrition and since improved nutrition
would make a2 major contribution to welfare, one approach to the problem
might be to attempt expanding food production to the point where the nu-
tritional needs were fulfilled, thereby meeting both growth and welfare
goals. To be successful, such approach would require extensive public
outlays to compensate for the lack of purchasing power among the families
short on nutrition. The impact of growth might be considerably greater,
were these public funds invested in another growth promoting variable,
hence the trade-off between present and future human welfare should be
considered. Whether society is willing to forego growth for present wel-
fare would depend to its values with respect to present and future wel-

fare. It might be, of course, that investment in nutrition is the most



growth promoting activity of all. This we will not know until develop-
ment economists start paying more attention to the problem.

Empirical research on the role of nutrifion in the economic de-
velopment process has been called for by a number of economists. Heady
(10, p. 16) calls for more economic analysis on the role of foed and its
optimal uses in economic development, Myrdal (19, p. 992) argues that
"the reason vhy modern Western economic literature has given little
attention to nutrition and levels of living and their relationship to
lator imput and labor efficiency" ..." can largely be justified by the
high income levels attained in the West, combined with social security
legislation and other redistributional reforms". It is unfortunate that
the economic development models based on Western economic theory and
aimed at nations where living standards are low do not take into account
nutrition as a growth factor but merely consider it an outcome of the
growth process,

We conclude the present discussion by noting that the role of
improved nutrition and health as growth factors merits much more re-
search attention than that presently given. Although we know that im-
proved nutrition plays a role both as a growth factor and a welfare
factor we do not know the relative contribution of improved nutrition
and other growth factors to economic growth. Neither do we know the
relative contribution to human welfare of improved nutrition and other
activities such as medical programs. Whether {mproved nutrition should
be a principal goal in development plans would depend on the relative
contributions to growth and immediate human welfare and the set of |

values established by society with respect to present vs, future wel-
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fare. Certain nations, such as Cuba, have established mass education and
health improvements as primary development goals and have a2llocated rela-
tively large quantities of resources to activities aimed at fulfilling

these goals. While the impact on human welfare is clear (11), it is pro-

bably too early to evaluate its impact on economic growth.

Alternative means of mutrition

Under and malnutrition is basically caused by two factors: (1) in-
sufficient intake of th§ necessary nutrients and (2) poor utilization of
the nutrients by the organism. While both factors may be altered through
changes in certain socio-economic variables we may argue that the latter
{s largely s medical problem (interaction between consumption and health)
while the former is primarily a socio-economic problem,

In & free market economy the problem of insufficient intake of the
necessary nutrients is csused by demand as well as supply factors. Low
consumer incomes, which may be partly due to under and malnutrition,
lack of knowledge on nutritional requirements and nutritional values of
the various foods available and traditional consumption patterms are the
major demand factors causing under and malnutrition. On the supply side
we encounter inefficient production methods, high input prices and con-
sequently high production costs. Bringing up consumer incomee to a point
where nutritional needs could be fulfilled through the market place would,
as already mentioned, require a massive public outlay unless productive
employment could be found that would bring minimum incomes up above the
subsistance level., On the other hand, the problem of under and mainu-

trition camnot be sclved exclusively on the food supply side. A comntri-
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bution can be made, however. Adoption of new technology by the agricul-
tural sector is likely to increase production and reduce per unit costs;
hence consumption would increase. The impact on mutrition would depend
on & mumber of factors such as the present nutritional level of those who
would consume the additional food and the nutritional value of the food.

Eéforts to improve nutrition should include (1) making available
greater quantities of foods that contain the nutrients in short supply,
(2) assure that these additional quantities of nutrients be consumed by
under and malnourished people through appropriate distribution, consumer
education and expanded incomes of low income consumers either by expanding
productive employment ox by govermment subsidies, and (3) provide medical
services to assure a high level of utilization of available nutrients by
the organism,

Greater quantities of nutrients may be made available in & number
of ways., Introduction of new agricultural pro&uction technology is like-
ly to expand production and reduce per unit costs of the commodities for
which it applies. The impact on nutrition would depend on the magnitude
of the expansion, the nutritional value of these commodities and the
diltributioﬁ of the additional quantities on consumer income groups.

The impact of new technology on nutrition depends, at least to some ex-
tent, on the orientation of the efforts to create and distribute the

nev technology. Hence, by re-allocating agricultural research and ex-
tension resources, the impact on human nutrition may be changed., Breeding
for a high lysine maize is a case in point (23). 1If all resources avail-
able for maize breeding had been allocated with the sole objective of

increasing yields, i.e. quantity, it is possible that higher yielding
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normal maize hybrids or varieties would have been available today than
those ;ctually available, On the other hand, if the primary nutritional
problem is on of lack of essential amino acids rather than calories,
efforts to improve maize protein quality may have considerably more im-
pact on nmutrition. Another illustration of how emphasis on improved
nutrition might alter the allocation of agricultural research resources
relates to the decision concerning relative emphasis on alternative com-
modities., A research agency faced with the decision whether to allocate
research resources to cassava or beans would, {f the decision was to be
made exclusively to the basis of the impact on nutrition, probably select
cassava {f the basic nutritional problem were one of calorie shor:age
and select beans if the problem were one of protein shortage.

We want to emphasize that we are not suggesting that the potential
impact on nutrition be the only criteria for allocation of research and
extension resources, merely that it be included along with other criteria,

Food quality may be improved through fortification. The socio-eco-
nomic and nutritional aspects of fortification have been widely discussed
elsevhere (9, 14, 27, 34) end will be bypassed in this paper. More high
quality food may be made available through development of new products.
These products may be based on agriculturally produced raw products such
as synthetic foods developed from soybeans (1, 2, 24, 33) or they may be
made from other raw materials such as micro-organism (24, 25, 30).

The role of the agricultural gector and government has been men-
tioned above. In the case of new products we may expect that another
sector, private industry, might play a major role in improving nutritionm.

Berg (6, p. 140) notes that while such opportunity exists, "a reappraisal
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of the experience to date suggests that prospects are not bright for
reaching a significant number of neady people with propfietnry foods
marketed in the conventional manner', He sees the main problem as
"being the inability of reconciling corporate project with a product
low enough in cost ﬁo reach the needy in large numbers”, As already
mentioned, somewhat the same tends to be true with respect to tradi-
tional agricultural products.

"Unlike smallpox, malaria and other public health problems, there
is no professional consensus on how best to attack malnutrition” (5,

p. 16). Attempts have been made to establish minimum cost, adequate
diets (5, 21)., However, these effots, while interesting, tend to have
little practical value due to individual consumer preferences and the
impact of expanded demand on product prices,

If improved nutrition is included as a principal goal of develop-
ment, the strategy to be followed should be determined on the basis of
a systems approach, taking into account technical as well as socio-eco-
nomic factors related to production, distribution (sometimes labelled
delivery system), and consumer preferences (23).

The remaining of this paper deals with the mutritional impact of
production expansions of traditional foods and how the impact may be
alteraed on the basis of alternative agricultural research priorities.

" This does not imply that we necessarily believe that ;xpanded production
of traditional foode is the most efficient way to improve nutrition, We
do feel, however, that too little empirical research has been dediceted
to the impact of alternative agricultural research resource allocation

on human mutrition and hence we hypothesize that additional quantitative



14,

information might improve the efficiency of the research resource allo-
cation not only from the point of view of nutrition but from the point

of view of genaral human welfare and economic growth.

AR EMPIRICAL ANALYSIS

The smpiricel analysis reported below forms a part of a larger
study presently being carried out by the authors on the expected impact
on consumer welfare of expansions of the production of selected foods.
Since the study is not yet completed, further analysis and ravision may
slter the results reported here, hence this report should be considered
preliminary,

One of the above mentioned alternative means of improving human
nutrition was that related to expanded production of traditional foods.
The study reported below attempts to analyze the potential nutritional
impact of expanding the supply of sach of a number of selected food
commodities for a selected population, The impact of expanded food
supply at constant consumer incomes is compared to the impact of ex-
panded consumer incomes at constant food prices. The general objective
of the study is to analyze the extent to which agricultural production
research can be expected to improve human nutrition and to determine how
a_ltemtive allocations of agricultural production research resources

might influence human nutrition,

Present nutrit [

A ssmple of 230 families was selected from the population of Cali,
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Colombia, using a stratified random ssmpling procedure. Data on food com-
sumption, food prices, incomes, family size, age distribution and certain
other variables were obtained from these families by means of personal inter-
views. Each family was visited in February, 1969 by PIMUR (38) and again in
August, 1970 by CIAT., The families were divided into five atrata according
to flﬁily incomes (Table 1), Certain characteristics of the families inter-
viewed are shown in Table 1.

Table 2 shows the estimated consumption of selected foods 4/, and
Tables 3 and 4 show the estimated calorie and protein intake. As shown
in Tables 3 and 4, the two lowest income atrata were short on calories,
vhile the three lowest strata were short on protein when compared to the
recommended calorie and protein levels 5/. Among the foods included in
this analysis, rice and maize ware the major sources of calories and
protein for the low income strata, while beef was the most important single
source of calories and protein for the highest income strata. The eight
foods supplied more than one-half of the total calorfe intake for four of
the five strata and more than two;chirda of the total protein intake for

each one of the five strata.

Estimated elasticities

On the basis of the data collected, income elasticities as well as

a complete price elasticity matrix were estimated for each strata, Table

4/ The study includes 22 foods or groups of foods of which eight were
selected for the present analysis,

5/ The recommended calorie and protein intake per capita takes into
account the age distribution of the families.
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5 shows the income elasticities and Tables 6 and 7 show the direct price
elasticities and flaxibilities. The cross elasticities are not shown, to
reduce the volume of data, They were usad, however, in the estimations
when appropriate, The price elasticities and flexibilities for the various
strata were weighted by quantity consumed and population distribution on

strata to obtain the coefficients relevant to the total demand.

Estimated act of supply expansions

Table 8 shows the estimated change in quantity consumed by strata
due to a hypothetical 10 percent increase in the supply of each of the
eight foods 6/. Assuming perfect competition, one single market price and
constant consumer incomes, the change in prices were eatimated on the basis
of the total demand flexibility. The change in consumption was then esti-
mated for each strata. The impact on per capita consumption of an increas-
ing supply of foods of animal origin would be felt primarily in the high
income groups while increases in the production of staple foods such as
rice, maize and beans would have the greatest impact on the low income
consumer,

The impact of a ten percent supply increase on total calorie and
protein inteke is shown in Tables 9 and 10, As might be expected, an in-
crease in the production of meats and milk adds very few calories to the
diet of the consumers in the calorie deficient strata. Tha impact of the

additional consumption of any one of these foods is reduced by the nega-

6/ Change in quantity consumed is assumed to be a linear function of the
increase in the quantity supplied,
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tive impact due to reduced consumption of other foods. In the case of
pork, & supply expansion would actually reduce calorie intakes in the
lowest strata, A ten percent increase in the supply of beef would in-
crease daily per capita calorie intake in the lowest strata by one calo-
rie wvhile the increase would be 40 calories in the highest strata. In
creases in the supply of rice and maize would make a significant con-
tribution to a reduction of the calorie shortage. In the case of protein,
the results are somevwhat similar, although the contribution of meats and
milk to reducing nutritional shortages is slightly better. However, rice
and maize are the largest contributors, If the supply of beef is in-
creased 10 percent, the consumer in the lowest income atrata adds 0.5
grams of protein to his daily diet while the high income consumer adds
3.2 grams. A ten percent increase in the supply of rice would add one
gram of protein to the low income diet and 0.5 grams to the high income
diet.

In view of the fact that the quality of protein consumed plays &
major role in determining the nutritional level, it was attempted to
analyze the impact on the intake of the three essential amino acids,
lysine, methionine and tryptophan. It was found, however, that the
diets contained more of these amino acids than required at all income
levels, Hence, it appears that quantity of protein is more important
than quality, for the population studied., A more detailed study of the
protein qﬁality aspects of the diets will be performed ag part of the
overall project,

Table 11 shows two measures of the efficiency of supply expansions

to reduce calorie and protein deficiencies, The two measures are (1)
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percent of total net addition of calories and protein consumed by deficit
groups and (2) reduction in nutrient deficiencies in percent of total de-
ficiency. It was found that approximately one-half of the total net addi-
tion of protein, brought about by increasing the supply of livestock pro-
ducts would be consumed by protein deficit groups. If the supply of beef
were increased by ten percent, the present protein deficiency would be
reduced by eight percent. Supply expansions of pork and milk would make
a much smaller contribution: two and 3.5 percent, respectively. Between
80 and 100 percent of the protein from an increased supply of any one of
the staple foods would be consumed by protein deficient groups. However,
only rice, maize and to a lesser extent, beans would reduce protein de-
ficiencies to any appreciable degree.

The estimated net impact of a ten percent supply increase on total
consumer expenditures on food is quite small, particularly among low in-
come consumers (Table 12). A ten percent increase in the supply of beef
would decrease total family expenditures on food in strata I by only Col.
$0.28/month, once the adjustment in the consumption of other foods have
been made, The decrease in total food expenditures of strata V is some-

what larger.

Impact of income increases

Table 13 shows the estimated increase in per capita consumption due
to a ten percent increase in consumer incomes assuming constant prices. A
ten percent increase in the incomes of low income consumers would result
in an expansion of the consumption of meats and milk approximately equal

to that caused by a ten percent supply expansion, while the impact on the
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consumption of staple foods would be less than that associated with a ten
percent supply expansion, Increases in consumer incomes would have a
greater impact on per capita calorie intakes in the lower income strata
_then in the high income strata., The impact on per capita protein intake
would be almostequal for all strata (Table 14),

If consumer incomes were increased by 29 percent in the lowest in-
come strata and food prices were kept constant, the calorie requirements
would be fulfilled (Table 15), To meet protein requirements in thjs strata,
incomes would need to increase 55 percent. Expressed in monetary terms,
family incomes would need to increase from Col.$ 518 to Col.$ 667 to meet

calorie requirements and to Col.$ 804 to meet protein needs.
IMPLICATIONS

The average daily per capita intake of calories and protein for the
sample as a vhole was estimated to be 2,343 and Gk.é grams , respactively,
i.e, in excess of requirements. Hence, no additional food would be needed
to fulfill calorie and protein requirements if svailable food were dis-
tributed according to needs. This situation clearly points out the ina-
dequacy of average data as a measure of nutritional status, |

Although an analysis by economic strata is an improvement over simple
average data, we realize that average data by strata fail to reveal differ-
ences among families within the strata and among members of any given fa-
mily. While further analysis of our data will solve the former problem,

additional data collection will be needed to study the distribution of faod
within the family.
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Keeping in mind these limitations, the results of this analysis
suggest that expanded production of meats and milk without increases in
the incomes of low income consumer, either directly through increased
employment or indirectly through government intervention, is not likely
to reduce calorie and protein deficiencies significantly. 1If costs of
production per unit of product can be reduced sufficiently to compensate
for price reductions, an expansion of the production of maize, rice and
plantain may provide a considersble amount of calories to the calorie
deficit groups. Food supply expansions without increasing consumer in-
comes are not likely to have any significant impact on protein intake by
protein deficient groups. The impact on protein intiake of a one percent
increase in consumer incomes in strata I, is equal to the impact of an 8
percent increase in beef supply. Likewise, it is equal to a 4 percent
increase in rice supply.

It should be noted that it is assumed that food prices remain constant
in the case of income expansions. This jmplies that supply will increase
according fo income elasticities, Unless supply is perfectly elastic, the
introduction of new technoliogy will be needed to shift the supply curve.
If income -xplnoiénl are not followed by shifts in the supply curve, the
impact on nutrition is likely to be reduced by increasing food prices.
Hence, sssuming that consumer incomes do in fect increase, the question
from the point of view of nutrition is not whether food production should
be expanded but rather the extent to which it should be expanded and which
products should be emphasized,

Considering nutritional impact as the only criteria for allocating
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agricultural production research resources, the vesults from the present
analysis suggest that, among the eight food considered, major ;nphllll
should be placed on expanding the production of maize, rice, beef and
beans in that order.

These priorities take into account the relative impact of aufply
expansions at constant incomes as well as the supply expansions needed to
assure & relatively large nutritional impact of increase in consumer in-
cones.

Obviously, the nutritional impact is not the only relevant criteria
for allocating resources to agricultural production research. The final
decision on the allocation of resources should be made on the basis of all
relevant criteria. Ws suggest that th; impact on human nutrition be one

of these criteria,
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L~

ain s le characteristics

Strata
Strata I1I 111
Income range
Col.$/family/month 0-750 751-1000 1001 -2000
U.S.$/family/month 1/ 0-37.5 37.6-50.0
Average family income
Col.$/month 517.54 972,03 1524.10
U.5.$/month 25.88 48.60 76.21
Average per capita income
Col.$/month 99.79 179.03 263.11
U.S.$/month 4,99 8.95 13.16
Expenditures on food
Col. $/month 86.45 117.30 167.47
U.S.$/month 4,32 5.87 8.37
Percent of income spent
on food 86.6 65.5 63.7
Number of families
interviewed 46 42 80
Number of persons in
families interviewed 270 264 544
Distribution of persons
on strata (X) 2/ 18.3 17.8 36.8

The exchange rate used was: U.S.$ 1 = Col.$ 20,00.

2001-3000
50.1-100.0 100:1-150.0 150.1-up

22,

Iv v

3001 -up

2600.31 6885.00
130.16 34,25
512.36 1176.48

25.62 58.82
255.72 407.89
12,79 20.39
49,9 34.7

32 30
201 200
13.6 13.5

2/ Although no exact distribution of the population on income strata is avail-
able, the percentage distribution of the sample corresponds with the in-
formation available on the population.




Table 2, Daily average consumption of selected foods

by strats

Product I

Beef 36.60
Pork 9.63
Milk 44,33
Rice 83.44
Maize 83.60
Beans 19.00
Potatoes 74.10

Plantain 108.45

SmS per capita

Iz
56.63
19.12
69.76
90,46
95.44
24,51
84.84

139.22

Strata

ITX
82.77
21,02

131,77
90.86
97.24
24,63

72,44

126.00

v
104,96
48.18
238,38
104,89
36.70
26.66
80.48
70,83

23.

\
246,38
75.21
410,63
87.53
37.02
30.50
95.11
59.92
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Table 3. Daily per capita calorie intake from

selected foods, by strata
Calorie Strata
, content

Product per kilo &/ I II 111 v v

Beef 2320 52.43 89,01  145.93  208.82  550.17

Pork 2480 18,87 39.24  48.61  108.73  169.74
b e 600 26.60 41,86 79.06  143.03  246.38

Rice 3590 299.55  324.75  326.19  376.58  314.23

Maize 3220 269.19  307.32 313,11  118.17  119.20

Beans 3020 57.38 74.02 74.38  80.51 92.11

Potatoes 910 67.43 77.20 65.92 73.26  86.55

Plantsin 1420 154.00 197.69 178,92  100.58  85.09

Other foods - 862.06  804.87 1091.27 1373.99 1727.21

Total intake - 1807.51 1955.96 2323.39 2583.65 3390.68

Recommended

intake 2/ . 2150.00 2150.00 2150.00 2150.00 2150.00

Calorie balance - 362,49 196,06  173.39  433.65 1240.68

1/ Instituto Nacional de Nutricifn - Tabla de contenido de protefnas y calorias.

2/ Roberto Rueda - Williamson, et. al. Recomendaciones de CE’m de Alimentos
para Colombia, 1969. Instituto Colombiano de Bienestar Familiar, INV-69-05,
p. 7.
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Table 4, Daily per capita protein intake from
selected foods, by strata

Protein

content Strata

per kilo of
Product _product 1/ I I1 II1 v v

(grams)

Beef 187 4,23 7.18 11,77 16.84 44,35
Pork 165 1.25 2,61 3.24 7.24 11.29
Milk 34 1,51 2,37 4,48 8.10 13.96
Rice 78 6,51 7.06 7.09 8.18 6.83
Maize ‘ 80 6.69 7.64 7.78 2.94 2.96
Beans 200 3.80 4,90 4,93 5.33 6.10
Potatoes 19 1.41 1,61 1.38 1.53 1.81
Plantain 12 1.30 1.67 1.51 0.85 0.72
Other foods - 14.50 11.64 17.23 24.89 31.73
Total intake - 41.20 46,68 59.41 75.70 119,75
Recommended
intake 2/ - 62,00 62,00 62.00 62.00 62,00
Protein balance - =-20,80 15,32 4,69 13.60 57.65

1/ Instituto Nacional de Nutricifm - Tabla de contenido de protefnas y calorias.

2/ BRoberto Rueda - Williamson, et. al. Recomendaciones de Consumo de Alimentos
para Colombia, 1969, Instituto Colombiano de Bienestar Familiar, INV-69-05,

P. 7.



Product
Beef
Pork
Milk
Rice
Maize
Beans
Pqtatotl

Plantain

Table 5, Estimated income elasticities for

selected foods, by strata

I
1.5206
1.9440
1.8329
0.4070
0.6198
0.8048
0.4010
0.5184

11
1.3525
1.6469
1.6499
0.3875
0.5408
0.7730
0.4108
0.4774

Strata

III
0.9926
1.1230
1.1265
0.3880
0.4353
0.6440
0.3082
0.3889

Iv
0.6706
0.8179
0.6328
0.2753
-0.2815

0.4500
-0.3000
-0.3139

26,

v
0.4732
0.6921
0.1977
0.1860
-0.4259

0.2500
~0.3100
-0.2914



Product
Beef
Pork
Milk
Rice
Maize
Beans
Potatoes

Plantain

Table 6, Estimated divect price elasticities by strata
and weighted average for the populstion of Calj

I
=1.5557
-2,0565
~1.9485
-0.6173
-0.6862
-0.8626
=0.4010
-0.5768

II
-1,2827
-1.5794
-1,5912
~0,5560
=0.5325
-0.7436
-0, 3466
-0.4784

Strata

I11
-0.9908
-1.1153
-1.1177
-0.5741
-0.4396
-0.5217
-0,2500

-0,3938

v
-1,0610
-1.2897
-1.0051
-0.2912

0.4170
-0.4167
-0.1810

0.5021

v
-0.7814
-1,1243
-0.,3246
-0.3085

0.7387
-0.1633
-0.1538

0.4755

27.

Weighted
aygrage

=0.9987
-1.2663
~0,8943
~-0.4988
-0.3778
=0.5336
-0.2685

"0¢ 3023
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Strata

Weighted
Product I 1 1041 v v average
Baef ~0.6445 -0.7785  -1,0092 -0.9451 -1.2675 «0.9943
Pork -0.4874  -0.6327  -0,8965  -0.8171  -0.8907  -0.7893
Milk -0.5143 -0.6281  -0,8946 -0.9950 -3,0637 -1,1135
Rice 41,6129  -1,7979  +1.7616  -3.4025  -3.2352  -1.9943
Matze -1.4548  -1,8777  -2,2744  2,3905 1.3522  -2.6456
Beans 11386 <1.3448  -1,9166  -2.3927  -6.1018  -1.8758
Potatoes  -2,4861  -2,8845  -3.9991  -5.6173  -6.5590  -3.7012

Plantain -1.7301 -2,0898 -2,5386 1.9810 2,0996 -3.3134



Table 8, Distribution of a ten percent supply increase
of selected foods on strata

Change 1in cons t strata

I . II 111 i v v
% change Grama/ Grams/ Grams/ _Grams/ Grans/
Product in price % cap/day % cap/day % cap/day X casp/day X cap/day
Beef - 9,943 15.5 5.66 12.8 7.22 9.9 8.16 10.6 11.07 7.1 17.60
Pork ~ 7.893 16.2 1.56 12,5 2,38 8.8 1.85 10,2 4.91 8.9 6.67
Milk -11,135 21.7 9.62 17.7 12,36 12.4 16.40 11.2 27.68 3.6 14.84
Rice ~19.943 12,3 10.27 11.1 10.03 11.4 10.40 5.8 6.09 6.2 5.39
Maize =26 ,456 18.2 15.18 14.1 13.45 11.6 11,31 ~11.0 - 4,05 -19.5 - 7.24
Beans -18.758 16.2 3.07 13.9 3.42 9.8 2,41 7.8 2,08 3.2 0.93
Rotato ~37.012 14.8 11.00 12,8 10.88 9.3 6.70 6.7 5.39 5.7 5.41

Pllntl’.ﬂ -33013“ 19.1 20.73 15.9 22.07 13.0 16.“ -16.6 -11.78 -15-8 -9-44

*62



:t of a ten percent supply incrasase on calorie intake by strata
(calorie per capita per dgz!

Strata
II I1I v
Net Net Net

Indirx, impact Direct Indir, impact Direct Indir, impact Direct Indir.

-3.749 7.603 14.378 0.184 14,562 23.639 70.438 23,201 39.298
~2.132 2.759 4.280 -0.391 3.889 11.069 -0.700 10.369 15.062
-2,155 5.202 9.840 -0.669 9.171 16.607 -0.029 16.578 8.904
6.955 42,963 37.347 5.200 42,547 21.867 2,039 23,906 19.332
4.043 47.339 36.415 4.035 40,450 -13,038 1,497 -11.541 -23.297
1.681 12,006 7.278 1.921 9.199 6.294 0.556 6.850 2,821
7.061 16,965 6.100 5,707 11.807 4,906 4,690 9.596 4,927
6.900 38,287 23.345 6.447 29,792 -16,733 1.752 -14,981 ~13.405

in the consumption of the product in question.

in the consumption of other foods.

v

1.033
-0.181
1.008
0.754
0.628
0.473
1.976

0.981

Net
impact

40,331
14.881
9,912
20.086
-22.669
3.294
6.903
-12.426

.oc




zt of a ten percent supply increase on protein intake by strata

r r capita per
i
: Strata
11 | 111 v v
Net Nat Net Net

'Indi.:. impact Direct Indir, impact Direct Indir: . impact rect Indir, impact
-0,098 0.818 1,160 0.003 1,163 1,905 -0.015 1.890 3.167 0.045 3,212

=0.063 0.262 0.285 -0.011 0.274 0.736 -0.028 0.708 1,002 0.009 0.993
‘-0.%6 0.354 0.538 -0.019 0.539 0.941 -0.000 0.941 0,505 0.057 0.562
0.231 1.013 0.811 0.173 0.984 0.475 0.095 0.570 0,420 0.043 0.463
0.129 1.205 0.905 0.131 1.036 -0,.324 0.063 -0.261 -0,579 0.033 -0.546

0.048 0.732 0.482 0.058 0.540 0,417 0.023 0.440 0.187 0.025 0.212
0.222 0.429 0.127 0.182 0.309 0.102 0.207 0,309 0.103 0.106 0.209
0.228 0.493 0.197 0.214 0.41) -0.141 0.138 -0.003 -0.130 0.052 -0.078

n the consumption of the product in question.

a the consumption of other foods.

‘1€



Product

Beef
Pork
Milk
Rice
Maize
Beans
Potatoes

Plantain

32.

Table . act of a ten percent supply increase

on calorie and protein deficiencies

Percent of calories and
protein consumed by

deficient groups

Calories Protein
10.12 48.74
8.96 42,22
15.70 59.67
42.65 84.09
63.84 100.00 &/
45.95 83.48
49,87 79.85
65.15 100,00 &/

Reduction in nutrient
deficiencies in percent

—of total deficiency
Calories Protein

1,62 7.96
0.49 2,04
1.34 3.65
16.55 8.83
18.62 10.17
5.08 5.42
6.74 3.37
13.94 3.95

1/ Since the direct price elasticities for maize and plantain is positive
for the high income strata, the increase in the quantity consumed by
low income strata exceeds the increase in supply.




Table 12, The impact of a ten percent supply increase on total

£ expenditures, by strata

Strata

I 11 III Iv v
Change in Change in Change in Change in Change in
% of total % of total % of total % of total % of total
Change in expendi- Change in expendi- Change in expendi- Change in expendi- Change in expendi-
total ex~ tures on total ex- tures on total ex- téres on total ex- tures on total ex- tures on

penditures the parti- penditures the parti- penditures the parti- penditures the parti- penditures the parti-
Toduct on food 1/ cular food on food L/ culsr:food on food L/ cular food on food 1/ cular food on food 1/ culax food

eef -0.28 =0.43 -0.09 -0,08 -2.26 -0.98 ~-1.68 -0,.64 ~1.46 ~1.68

ork 0.02 0.8  0.32 0.73 -0.14 -0.23 1.2 0.96 0.48 0.20
11k -0.91 -4.95 0.13 0.41 -0.57 -0.76 -1.58 1,21 -15.08 -8.88
sce «0.63 -1.30 -1.96 -3.28 -3.20 -4.63 978 -12.20  -9.11 -13.17
aize -1.93 -6.83 -2.92 -8.19 -4.51  -10.28 -1.09 -6.90  =5.53 -35.06
cans -1.02 -3.72 -1.70 ~4.62 -3.18 -7.40 -4.82  -10.99  -7.59 -14.79
otatoes  -2.53  ~10.51 -4.63  -14.83 -5.87  -17.86 -5.82  -17.59  -10.57 -26.11
lantatn  -2,09 -7.21 -4.58  -11.3% 6.96  -14.07 9.42  -31.9%  -8.61 -37.34

/  (Col.$/family/month).

"€E



Product
pcet
fork
Mi 2k
Rice
Maire
Beans
Potatoes

Plantain

Table 4 ercen rease
Strata

I II I1I v

Grams/ Grams/ Grams/ Grams/
1 cap/dsy 3 caplday X gap/dsy % cap/day

15.2 5.57 13.3 7.50 9.9 8.22 6.7 7.04
19.4 1,87 16.5 3,14 11.2 2,36 8.2 3.94
18.3 8.13 16.5 11.51 11.3 14.84 6.3 14,87
4.1 3.40 3.9 3.51 3.9 3.53 2.8 2.89
6.2 1.69 5.4 3.16 4.4 4,23 -2,6 -0.9
8.1 1,53 7.7 1.90 6.4 1.59 4.5 1.20
4.0 2.97 4.1 3.49 3.1 2,23 -3.0 -2.4
5.2 5.62 4.8 6,65 3.9 4,90 -3,1 -2,22

A

4.7
6.9
2,0
1.9
~4,3
2,5
-3.1
-2.9

Grams/

clg[d!!
11.66

5.21
8.12
1.63
-1.58
0.76
-2.95
-1.75:



Iable 14, The impact of a ten percent increase in consumer incomes

on calorie and tein in strata
I Il IIX v v
Product CAIQticg;!PEQtQ;nZ/ Calories Protein Calories Protein Calories Protein Calories Protein
Beef 7.972 0.643 12.039 0.971 14,485 1.168 14,003 1,129 26.034 2,099
Pork 3.669 0.243 6.458 0.430 5.459 0.364 8.894 0.592 11.748 0.781
Milk 4,875 0.276 6.906 0.391 8.906 0.505 8.922 0.506 4.871 0.276
Rice | 12.192 0.265 12,584 0.273 12,656 0,275 10,367 0.225 5.845 0.127
Maize 16.685 0.615 16.620 0.413  13.630 0.339 -3,090 -0.077 -5.077 -0.126
Beans 4,618 0.306 5.722 0.379 4,790 0.317 3.607 0.240 2,303 0.153
Potatoes 2,704 0.051 3.172 0.066 2.032 0.042 -2.197 -0.046 -2,683 -0.036
Plantain 7.983 0.067 9.438 0.080 6.958 0.059 -3,157 -0,027 -2.479 -0.021
Others 57.882 1.293 53.078 0.985 60.756 1,131 46.579 0.976 29.736 0.844
Total 118,580 3.759 126,017 3.988 129.672 4.200 83.928 3.518 70,298 4,077

1/ Calories per capita per day,

2/ Grams per capita per day.

1



Table Increase in consumer incomes needed t
fulfill nu ujrements, by strata
Strata

Calories I iX
Increase in per capita 28.88 15.40
incomes (%)
Increase in per capita
incomes (Col.$) 28.82 27.517
Increase in incomes per
family (Col.$) 149,48 149.67
Increase in incomes per
family (U.5.8) 7.47 7.48
Protein
Increase in per capita
incomes (%) 55.33 38.42
Increase in per capita
incomes (Col.$) 55,22 68.77
Increase in incomes per
family (Col,$) 286 .41 373.41
Increase in incomes per
family (U,S.$) 14,32 18.67

36.
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11.17

29.38

170.20

8.51
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