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ABSTRACT

Based on the assumptions and empirical results of this study,

most Latin American countries,with the possible exception of Argentina

and Colombia, will find it impossible to become self-sufficient in

food production in the 1980s. Fertilizer and food imports will be

required in most Latin American countries.
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THE POTENTIAL FOR SELF-SUFFICIENCY IN FOOD PRODUCTION IN SIX

LATIN AMERICAN COUNTRIES: SOME PROJECTIONS FOR 1985 AND 1990

Since the recent food crisis, 1972-75, analysts have devoted increas-

ing attention to the world hunger problem. Efforts have been made to

determine the prospects for increasing agricultural production, especially

in the low-income countries, to meet the expected growth in the effective

demand for food as well as to improve the nutritional status of those people

who now live in impoverished conditions.

This paper examines the potential for increasing food production in

each of six Latin American countries to the level of effective demand pro-

jected by the International Food Policy Research Institute for 1985 and 1990.11

Particular attention is given to the use of fertilizer and the level of

investment in agricultural research and extension.

The paper is divided into five parts. The first section briefly high-

lights the food situation in Latin America. An analytical framework is then

developed. This is followed by a discussion of some projections for total

agricultural and cereal grain production as well as the level of fertilizer

use and investment in agricultural research and extension. The paper closes

with some policy implications.

The Food Situation in Latin America

Each of the six countries selected for this study have different food

production and consumption characteristics. In 1974/75 Argentina was a major

exporter of cereal grains, 7.8 million tons--40 percent of its production

(Table 3. Each of the other five countries have been cereal grain importers.

Under the assumption of no change in relative prices, the Inter-

national Food Policy Research Institute has estimated that if current produc-

tion and consumption trends continue through 1985 and 1990, only Argentina

and perhaps Brazil and Mexico will be able to produce enough cereal grain

to match the projected effective demand.



The two key questions then are: (1) Is self-sufficien021 in cereal

grain production possible in each of these countries? and (2) What is the

potential contribution of each production input, especially fertilizer?

A Conceptual Framework 

An elasticities approach for estimating the regional demand for a

production input has been suggested by Ruttan. He proposed three different

approaches: a productivity model, a demand model, and an equilibrium model.

The productivity model permits a comparison of factor productivity, as measured

by its marginal product, and the cost of the factor. The demand model pro-

vides an estimate of the required quantity of an input; given a desired level of

output and the available supply of other production inputs. The equilibrium

model permits a simultaneous estimation of output and resource use.

A necessary component for each model is an aggregate production

function to reflect the structural relationship between output and the corre-

sponding production inputs. The metaproduction function estimated by Hayami

and Ruttan is especially suitable for this study. It contains traditional

inputs (land and labor), modern inputs (tractors and fertilizer), and "shifter"

variables (education and agricultural research and extension). Moreover, all

six Latin American countries of interest in this study served as observations

in the earlier Hayami and Ruttan study.

(I) log Y = log + 0.40 log X1 + 0.10 log X2 + 0.25 log X3 + 0.15 log X4

+ 0.10 log X5 + 0.40 log X6 + 0.15 log X7

where:

log f3 = intercept

4
• agricultural output, measured in 1000 wheat units--

/

X
1 
• labor, measured as number of male workers in agriculture (in 1000s)

X
2 
• agricultural land area (1000 hectares)

X
3 livestock (1000 livestock units)
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• fertilizer consumption (1000 metric tons of N + P
2
0
5 

1- K
2
0)

• machinery measured as tractor horsepower (in 1000s)

X
6 
• education, measured as school enrollment ratio (percent)

X
7 

= agricultural research and extension, measured as number of
graduates from agricultural colleges per 10,000 farm workers.

These three elasticity models are used to evaluate the possibility

of each of the six Latin American countries achieving the cereal grain consump-

tion levels projected by the International Food Policy Research Institute.

Special emphasis is given to the potential contribution of two inputs,

fertilizer and investment in agricultural research and extension.

The Productivity Model

The productivity model consists of two equations: the Hayami and

Ruttan metaproduction function and a marginal value product. function

for fertilizer.

(2) log Y = log A + 0.15 log X4

(3) log A4 = log (0.15A) - 0.85 log X4 + log Pw

where.:

A = constant term of the metaproduction function including all
input variables except fertilizer

A
4 

= marginal value product of fertilizer ($/1000 ton)

P
w 
• price of wheat in 1977 dollars per 1000 tons.

The productivity model permits a comparison of the price of ferti-

lizer to the marginal value product of fertilizer for a given output price

level and an assumed level of use of all factors of production including

fertilizer. A marginal value product of fertilizer greater than the price

of fertilizer suggests that more fertilizer should be applied, ceteris paribus.



The Demand Model

The demand model consists of the same two equations as in the pro-

ductivity model. However, in this case the amount of fertilizer required to

produce a desired level of output is estimated for a given output price and

an assumed level of use of all factors of production except fertilizer.

This level of fertilizer demand may then be compared to national fertilizer

production to determine whether it is necessary to import more fertilizer to

achieve the desired level of food production.

The Equilibrium Model

Since the two inputs isolated for special attention in this study are

fertilizer and investment in agricultural rasearch and extension, the equi-

librium model consists of three equations and two equilibrium conditions:

the Hayami and Ruttan metaproduction function, two marginal value product

functions--one for fertilizer and one for investment in agricultural research

and extension, and two equilibrium conditions where the marginal value product

for fertilizer and agricultural research and extension are set equal to their

respective costs.

(4) log Y = log B + 0.15 log X4 + 0.15 log X6

(5) log A
4 
• log (0.15B) - 0.85 log X

4 
+ log P

w 
+ 0.15 log X6

(6) log A
6 
• log (0.15B) - 0.85 log X

6 
+ log P

w 
0.15 log X

4

(7) log A
4 
• log C4

(8) log A
6 
• log C4

where:

• constant term for the metaproduction function for all inputs

except fertilizer and number of graduates from agricultural

colleges per 10,000 farm workers

• marginal value product of research and extension ($/number

of graduates from agricultural colleges)



price of fertilizer (1977 $/ton)

C
6 

= investment per research and extension worker (1977 $/worker).

For a desired level of output, the equilibrium model offers an indication

of the potential tradeoff between fertilizer use and investment in research

and extension.

Empirical Results

Given the various assumptions, total agricultural output in four of the

six countries in 1985 and three of the six countries in 1990 is projected to

be insufficient to satisfy the projected total food consumption level (Table 1).5-1

Argentina and Colombia are the only potential net exporters in both years.

Brazil could be a net exporter in 1990. In spite of deficits in some coun-

tries, the region as a whole could be a net exporter.

The Productivity Model

6/Based on the productivity model, three of the six countries- could

profitably apply more fertilizer. The empirical results suggest that the

projected fertilizer use in Mexico is very close to an economic optimum

(Table 1).

If each of the four countries were to use the economically optimum

amount of fertilizer, sLe_tf.y_1!_ptg_r_1114..g. only Mexico and perhaps Peru (if

fertilizer use expands at the same annual rate as in 1960s) are expected to

be able to satisfy this level of fertilizer consumption from domestic sources.

Brazil and Colombia would need to import more fertilizer or substantially

expand their fertilizer production capacity (Table 1).

The Demand Model

The demand model provides an estimate of the quantities of fertilizer

required in 1985 and 1990 to produce the food consumption based on the

projections by the International Food Policy Research Institute. Assuming



Table 1. Total Agricultural Production, Food Consumption, and Price, Use and Marginal Value Product of Fertilizer in Six Latin American Countries,
1985 and 1990.

Country

1985 Projections 1990 Projections

Project
MVP ill
19851/
(1977
mil. $)

Project
MW V)
1990.1  -
(1977
mil. $)

Price
1000 m.t. ,
Fertilizerl'
(1977
.mil. $)

Agricul-
turaltural Food Fert. Fert.
Output Consump- "Demand 1960s Produc-
(mil. tion (mil. Model" Extra-
wheat wheat (1000 polation 

tion 
e/ 

city—
a/ b/

units)— units)— tons)
.c._/ d/

(1000 ton)— (1000 tons)

Agricul-
tural Food Fert. Fert. Fert.
Output Consump- "Demand 1960s Produc-
(mil. tion (mil. Model!' Extra- tion el
wheat wheat (1000 polation Capacity—a / b/
units)— units)— tons)-C.

j d/
(1000 ton)— (1000 tons)

Argentina 135 94 122 1,347 20 175 115 199 3,356 82 -- ._.- --

Brazil 338 372 16,390 8,676 2,098 448 418 11,832 18,611 4,444 1.81 1.12 0.59

Colombia 83 42 23 1,962 127 127 46 4 4,317 113 13.29 20.05 0.45

Mexico 88 125 35,105 3,509 4,234 110 144 22,352 6,300 8,020 0.29 0.21 0.24

Peru 19 34 4,675 113 305 23 38 3,411 122 495 1.84 1.44 0.30

Venezuela 26 38 10,938 939 782 35 36 2,229 2,209 947

a/ Based on a country specific intercept of the metaproduction function and extrapolation of the geometric growth rate of the Hayami and Ruttan
input data for the 1960s.

b/ Based on the assumption that grain consumption as a percent of total agricultural consumption remains constant over time. The cereal grain
consumption projections for 1985 and 1990 were made by the International Food Policy Research Institute.

c/ The quantity of fertilizer required to produce the consumption level projected by the International Food Policy Research Institute and an
extrapolation of the Hayami and Ruttan input data for the 1960s for all inputs except fertilizer.

d/ Extrapolation of the fertilizer use data for the 1960s reported by Hayami and Ruttan.

e/ The fertilizer production capacity is based on data from the International Fertilizer Development Center. The only source of nitrogen is ammonia.
Data on phosphate and potash are sketchy. Hence, these data reflect an underestimate of total fertilizer production capacity.

f/ The projected marginal value product per 1000 metric tons of fertilizer for each country was obtained from equation (3) of the productivity model.
Iv The fertilizer price data are from the Food and Agriculture Organization, Monthly Bulletin of Agricultural Economics Statistics, Rome, February 1978.

Insufficient fertilizer and wheat price data precluded Venezuela and Argentina, respectively from this part of the study.
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high income growth, no changes in relative prices, a constant ratio of

cereal grain production to total output, and the use of all factors of

production, except fertilizer, continues to grow at the same rate experi-

enced in the 1960s, the quantity of fertilizer required in Argentina and

Colombia is estimated to be considerably less than that assumed in the pro-

ductivity model. However, Brazil, Mexico and Peru--and Venezuela in 1985--

would require considerably more fertilizer than assumed in the productivity

model (Table 1).

All countries, except Colombia, are projected to require more fertilizer

than is expected to be produced domestically. This suggests that all coun-

tries except Colombia will need to give serious consideration to increasing

fertilizer production capacity or importing fertilizer if they expect to

fully satisfy their projected level of total food consumption.

The Equilibrium Model

The equilibrium model provides a simultaneous solution of the optimal

levels of fertilizer use and investment in agricultural research and exten-

sion. The model is solved by first setting the 1977 price of fertilizer

equal to its marginal value product. Next an extrapolation of the 1970

level of the number of agricultural college graduates per 10,000 farm workers

is substituted into the metaproduction function along with the assumed level

of input use for all variables except fertilizer. The model is then solved

for the optimum level of fertilizer use, total agricultural output, and the

marginal value product of agricultural research and extension for 1985 and

1990, respectively. The marginal value product can then be compared with the

annual cost of supporting agricultural research and extension workers.

The optimum fertilizer consumption level for Colombia, Mexico and Peru

is not only greater than the extrapolation of the level of use in the 1960s



but also greater than the expected domestic production capacity except

for Mexico in 1990 (Table 2). The optimum fertilizer level for Brazil is

less than the extrapolation of the trend set in the 1960s but is consider-

ably greater than the expected domestic production capacity.

Based on the empirical results of the equilibrium model, all four

countries are substantially underinvesting in agricultural research and

extension. The ratio of the marginal value product for research and ex-

tension to the cost of training and supporting research workers is much

greater for Colombia, Peru, and Brazil than it is for Mexico. This suggests

that Mexico is nearing an economic optimum but that Colombia, Peru and Brazil

could reap significant benefits from additional financial support for agri-

cultural research and extension activities.
lj

The Cereal Grain Production/Consumption Balance

If input use grows at the rate experienced in the 1960s, only Argentina

and Colombia are projected to be able to be self-sufficient in cereal grain

production in the 1980s (Table 3). The Latin American region as a whole is

likely to become a net grain exporter, however.

Under the assumptions of this study to achieve self-sufficiency in cereal

grain production, every country except Argentina and Colombia will have to

maintain a rate of output growth nearly twice the historic rate. This will be

difficult to achieve. The alternatives are to either shift more resources

into grain production and away from otheragricultural products, or produce

those products in which each country has a comparative advantage and import

enough cereal grain to fill the gap between domestic production and con-

sumption.

Policy Implications 

While extrapolations of past trends have many shortcomings as a guide to

the future, such projections can provide a baseline from which to select



Table 2. Agricultural Output and Fertilizer Consumption for Four Latin American Countries Under Different Levels of
Investment in Agricultural Research and Extension, 1985 and 1990.

1985 Projections

Production
(million
wheat

Country units)

Brazil 333.7

Colombia 75.3

Mexico 88.8

Peru 30.7

Optimum
Fertilizer
Use (million
tons)

7.9

6.8

5.4

2.6

MVP of
Agr. Grads.
per 10,000
Farm Workers

($/million)

395.3

49.1

118.3

37.0

1990

Production
(million
wheat
units)

270.7

90.1

103.1

37.4

Projections
MVP of

Optimum Agr. Grads.
Fertilizer per 10,000
Use (mil. Farm Workers
tons) ($/million) 1985

Annual Cost of Research and
Extension per 10,000 Farm
Workers Based on 1960s Growth
Rate ($/million)a/

9.6

9.8

6.7

3.2

264.8

25.7

63.2

27.1

65.7

1.7

58.6

5.2

1990

74.9

1.4

44.9

8.0

a/ This assumes the cost of four years of college education is about $20,000 including tuition, fees, books, room and
board. The annual expenditures an research and extension activities are based on the data for the period 1962-1971
found in Boyce and Evenson.

Table 3. Cereal Grain Surplus/Deficit in Latin America, 1974/75, 1985 and 1990 (million tons).

Actual Surplus/Deficit-' Productivity Modell
Country 1974/75 1985 1990

Argentina 7.8 6.2 9.2

Brazil -1.5 -3.5 3.0

Colombia -2.5 3.4 7.0

Mexico -3.6 -5.9 -5.6

Peru -1.1 -1.5 -1.5

Venezuela -1.5 -1.1 -0.1

Net Regional Deficit/Surplus -4.2 -2.4 12.1

a/ Data from International Food Policy Research Institute, Meeting Food Needs in the Developing World: The Location and 
Magnitude of the Task in the Next Decade, Research Report No. 1, Washington, D.C., February 1976.

b/ These results are based on the cereal grain projections by the International Food Policy Research Institute andthe input use level suggested by extrapolation of trends observed in the 1960s. It is further assumed that thereare no changes in the ratio of grain production to total agricultural production nor in relative prices. Highincome growth is assumed.
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alternative policy strategies to increase agricultural output to meet

projected food needs. In general, based on the assumptions and empirical

results of this study, most Latin American countries are going to find it

difficult to become self-sufficient in total food production as well as

cereal grain production in the 1980s.

The substitution of fertilizer for land appears to be one viable means

of expanding agricultural output. With the possible exception of Colombia,

the countries included in this study must expand their domestic fertilizer

production capacity and/or increase fertilizer imports if they are to

satisfy the projected effective demand for food in the 1980s without a sub-

stantial increase in food prices over current levels.

This study found that all Latin American countries are underinvesting in

agricultural research and extension by a considerable margin. Increased

investments in agricultural research and extension activities should be giv
en

a high priority by policy-makers.

While these Latin American countries have the potential to become 
self-

sufficient in cereal grain production, most are likely to continue 
to be cereal

grain deficit countries. The exceptions are Argentina and Colombia which

are expected to be net grain exporters. Fertilizer and food imports will be

required in most countries in Latin America in the 1980s.
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Footnotes

The authors are indebted to Robert L. Thompson, Earl W. Kehrberg and

George F. Patrick for review comments on an earlier draft.

/ The six countries are: Argentina, Brazil, Colombia, Mexico, Peru, and

Venezuela. These six countries represent 78 percent of the population

and 81 percent of the land area in Latin America.

The focus of this paper is on the potential for achieving self-sufficiency

in food production and not on the merits of self-sufficiency versus free

trade. In spite of the potential welfare gains of production and trade

based on comparative advantage, many developing countries seek self-

sufficiency in order to reduce their dependence on developed nations for

food and/or to save scarce foreign exchange.

3/ See Hayami and Ruttan for a detailed exposition of the conceptual frame-

work underlying the metaprdduction function and the statistical results

from their sample of 43 countries. Other studies (Ogg and Thompson)

suggest that Hayami and Ruttan correctly specified the structure and

identified the parameters of the underlying metaproduction function.

4/ Agricultural output is converted to wheat equivalent units by weighting

each commodity by its price relative to the price of wheat. See Hayami

and Ruttan for more detail on this procedure.

/ It is assumed that relative prices remain constant at their 1960 level.

6/ Argentina and Venezuela could not be included in the productivity model

due to insufficient wheat and fertilizer price data.

7/ Other studies (Martin and Thompson) have noted the relatively low level

of investment in agricultural research and extension in Brazil. They

estimated the social rate of return to be quite high--20 to 30 percent

per year.
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