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CHAPTER I

INTRODUCTION

Modernization of the traditional or subsistence 

agricultural sectors has become an important focal point 

for policy makers in developing countries and administra­

tors of development assistance organizations. The issue 

is by no means new, but has taken on a position of higher 

priority in the early 1970's. The shortages of food and 

corresponding high prices of 1973 to 1975 were one factor 

contributing to the new focus on agricultural development. 

The World Population Conference in Bucharest along with the 

World Food Conference in Rome brought out the need for in­

creased domestic production of food in the less developed 

countries (LDC's) to meet their growing requirements.

A second factor that brought agricultural moderniza­

tion of the traditional sector to the forefront was the 

realization that many if not most of the development efforts 

in the 1960's - the development decade - failed to improve 

the lot of the poorest people in the LDC. If anything 

their relative economic position has declined.^ In light 

of this the United States Agency for International Develop-

1) SEE: Felix Paubert, "Income Distribution at Different 
Levels of Development: A Survey of Evidence" Interna­
tional Labor Review, Vol. 108, No. 2-3, Aug-Sept 1975.

1
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ment (USAID), the International Bank for Reconstruction 

and Development, and other development agencies are focu­

sing on the small farmer and rural poor in their assist­

ance efforts.

In pursuit of these goals, many governments with 

the support of USAID and other agencies are investing more 

specifically in development programs for small farmers. 

These programs are based on the proposition that small 

farmers can be more productive and achieve increased in­

come levels by adopting modern technology. Such programs 

are hoped to increase output and income in the rural areas.

The situation in Nicaragua is a typical example of 

the conditions described above. There has been little if 

any improvement in the incomes or productivity of the rural 

population in the past decade. The Government of Nicaragua 

with the support of USAID is currently attempting to deve­

lop.... "a viable, effective, rural development institutional 

network, specifically created and mandated with improving 

the net and relative well being of its rural poor; including 

2 both the subsistence farmer and the rural resident." A 

supervised credit program is envisioned as part of this 

institutional network. The technical assistance and access

2) Ed Schaefer and Al Chable, "Constraints Analysis and 
Program Implications of the Agricultural Sector". 
(Unpublished Report, submitted to USAID Nicaragua, 
1974) p.l.
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to modern inputs are expected to enable small farmers to 

adopt modern technology thereby increasing their output 

and income.

In support of this policy, a study conducted in 

1971 identified various technology levels for each of the 

basic crops. Corn yields for optimum technology were 

almost three times as great as yields for traditional 

technology. Similar potential increases in yield for 
3 

rice, sorghum, and beans also were identified. This 

study will attempt to predict some of the economic effects 

if more small farmers adopt the modern technology.

Problem Situation

Nicaragua is the largest country in Central America. 

It has a land area of approximately 48,000 square miles 

and an estimated population of two million people. It is 

bordered on the north by Honduras and on the south by 

Costa Rica. There is sharp topographic and climate diver­

gence between the east and west.

The climate is generally tropical except at higher 

elevations where areas of mild climate can be found. In 

the western regions, mean annual rainfall is 78 inches 

with distinct rainy and dry seasons, each lasting about

3) Philip F. Warnken, The Agricultural Development of 
Nicaragua,(University of Missouri Agricultural Experi­
ment Station, Special Report 168, July 1975)pp. 81-82.
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six months of the year with rainy season extending from 

May to October. The eastern half of the country experien­

ces rain nine to ten months of the year with average 

annual rainfall as high as 259 inches.

Approximately 60 percent of the population is con­

centrated along the Pacific Coast and another 32 percent 

in the central highlands region. These are the major 

agricultural production regions of Nicaragua that will be 

included in this study, and are shown on Figure 1. The 

remaining eight percent of the population in the eastern 

half practice slash and burn agriculture concentrated 

along rivers that drain the Caribbean Coastal plains. 

This study excludes the Caribbean north and south regions 

since they are much less important in the economic life 

of the country and very little data exist for these regions.

It is estimated that about 52 percent of the labor 

force is found in the rural areas (in agriculture). It is 

further estimated that about 75 percent of the rural popu­

lation lives at or near subsistence level. Many of these 

people live on small farms and have little or no formal 

education. With the resulting lack of marketable skills 

and lacking the resources to start new farms, it is not 

surprising that unemployment in this sector is estimated 

at something near 30 percent.

The economic and political power is securely held

in the hands of a small minority of the population. It
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is this small minority that owns most of the land and 

enjoys a reasonably high standard of living on what pro­

fits there are in the agricultural sector. This situation 

is often considered one of the constraints to Nicaraguan 

agricultural development. While land reform and related 

programs may be important to achieving any long run degree 

of agricultural development such considerations will not 

be included in this paper.

Agricultural production is usually divided among 

the livestock sector, the export sector and the basic 

grains sector. The bulk of the export crops are produced 

on a relatively small number of medium to large size farm. 

Livestock production (beef and dairy) is also dominated 

by large farms. The bulk of the basic grain production is 

derived from a relatively large number of small to medium 

size farmers. This sector is generally characterized by 

traditional or subsistence technology with low yields, 

low per capita income and high levels of unemployment.

Some of the specific problems in Nicaragua were 

identified in an analysis of the agricultural production 
4 sector conducted by a University of Missouri team:

. High levels of rural unemployment and 

underemployment

. Low labor productivity

4) Philip F. Warnken, p. 128.



7

. Highly skewed income distribution

. Limited use of modern inputs

. Stagnated basic grains sector

. Low yields for most crops

. Extensive use of land capable of more 

intensive utilization

. Highly skewed land concentration

. Rapid rural population growth

. Insufficient roads and logistical network

The basic constraints they identified to the resolu­

tion of these problems include the land-holding pattern, 

limited foreign exchange, a low level of domestic capabi­

lity to adapt and disseminate new technology, low levels 

of producers' technological knowledge, inadequate credit 

and a limited infrastructure. The resources available to 

the government to promote development in this sector are 

limited. The resources are especially limited if the pro­

gram requires the use of foreign exchange to import inputs 

not locally available. Any program that makes demands on 

those resources will have to be justified by its effect 

on the complex of problems noted above.

On the brighter side, the analysis was able to iden­

tify the existence of "higher levels" of technology that 

used highly divisible purchased inputs. Producers using 

more of these purchased inputs were found to have higher

yields, higher incomes, higher returns on capital and pos-
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sibly higher labor requirements. In light of these find­

ings, they recommend policies be implemented to ..... 

"sharply increase the use of purchased inputs".....and 

...."expand the capability of farmers to use these in— 

puts."5 A program which includes supervised credit is 

being proposed as a means of overcoming some constraints. 

This type of program, it is hoped, will be capable of 

providing producers with both the knowledge of improved 

technology and the ability to apply it on their farms. 

While such a program can not overcome all the constraints 

to agricultural development, it is hoped that it will 

have a significant impact by relieving many of the pro­

blems at a minimal cost.

This study will focus on the difference between the 

various technology levels existent in Nicaragua and 

evaluate some of the expected results if a credit program 

is successful in inducing small farmers to shift from 

traditional technology to a more modern technology that 

incorporates the use of improved seed and other purchased 

inputs. The study will estimate the magnitude of the 

impact such a program will have on the problems above 

under varying degrees of implementation.

5) Philip F. Warnken, pp. 128-129.

6) Ed Schaefer, p. 64.
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Selected Review of Literature:

The Role of Agriculture in Economic Development

The literature dealing with agricultural development 

in the LDC's, is indeed extensive. In 1968, D.H. Penny said: 

...."there is a growing literature on how to turn 
a static agriculture into a developing one. Unfor­
tunately, the literature grows more rapidly than 
the income of the peasants."?

There seems to be three different areas of that liter­

ature that apply to the basic grains sector of Nicaragua 

and the proposals for modernizing it. The dualistic deve­

lopment models offer one way of reviewing the relationship 

between the basic grain sector and the rest of the economy. 

The works of Johnston, Mellor and Mosher provide a theore­

tical background with which one can examine proposals spe­

cifically for developing traditional agriculture. Finally, 

a brief look at the supervised credit literature is in order 

as a credit program is being proposed as the tool to break 

the cycle of poverty and enable agriculture to develop.

The Dualistic Models

While separation of the Nicaraguan economy into two 

sectors may be an overs implication of reality, applying the 

dualistic models, may shed light on why the basic grains - 

food production-sector is characterized as static with a

7) D. H. Penny, "Farm Credit Policy in the Early Stages 
of Agricultural Development," Australian Journal of 
Agricultural Economics, Vol. 17, No.l, June 1968 p.32.
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low level of productivity.

The static dualism models are classified as "socio-
Q 

logical" and "enclave" dualisms. The sociological dual­

ism is best characterized by Boeke's explanation of the 

coexistence of a capitalist and a traditional agriculture 

sector in Indonesia. He argued that the problem in the 

latter sector was not lack of research, education, or 

input. The lack of growth he hypothesized, was due to 

cultural differences.

The enclave dualism was formulated by trade theorist 

such as Benjamin Higgins and Hla Myint, partially in re­

action to Boeke's theory to explain the difference between 

export-oriented sectors with high productivity and "domes­

tic market-oriented" sectors with low productivity. They 

hypothesized that the difference is in the imported tech­

nology and foreign market demand in the export sector 

leading to high levels of productivity, while the domestic- 

oriented sector uses labor intensive methods and is con- 

9 
strained by savings.

The dynamic dualism models characterized by those 

of Lewis and Ranis and Fei were formulated to enable

8) Vernon Ruttan W., "Growth Stage Theories, Dual Economy 
Models, and Agricultural Development Policy" Reading 
in International Agriculture Development (New York MSS 
Education Publishing Co.) pp. 16-18.

9) Ibid, pp. 18-19.
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society to deal with the lack of capital labor market 

relationship between the modern and traditional sectors. 

They identified increases in per capita productivity of 

the agricultural sector as a mechanism for labor reallo­

cation between the agricultural and industrial sectors. 

Most of these models see the movement of labor out of 

agriculture, where there is surplus, into industry with 

a simultaneous increase in agricultural production.

The Lewis10 and Ranis and Fei models both start with 

a zero marginal value product (MVP) of labor in agricul­

ture. Lewis' bases his model on the assumption that there 

is an unlimited supply of labor relative to capital in 

less developed countries. He sees development taking 

place through an increase in savings and capital accumu­

lation. This capital will allow agriculture and industry 

to develop while paying a wage rate lower than the MVP of 

labor leading to further capital accumulation and develop­

ment. The Ranis and Fei model of development was formu­

lated to explain how growth in the industrial sector could 

take place through the absorption of labor into industry 

substituting for capital until the marginal value product 

of labor in agriculture equalled the wage rate. Increased

10) W. Arthur Lewis, "Economic Development with Unlimited 
Supplies of Labor" Manchester School of Economics and 
Social Studies, 22 (May 1954) pp.139-191.
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capital accumulation from this, along with innovation 

would lead to more labor absorption with no increase in

the wage rate until the MVP in agriculture would equal the 
11 

wage rate.

Jorgenson's dual model rejected the assumption of

12 zero MVP of labor. He held, along with T. W. Schultz, 

that any reduction in labor would lead to a decline in 

agricultural output. In Jorgenson's model, technological 

change must be introduced into the agriculture sector

13 from the very beginning of any growth process.

These models all dealt with the dualism that seems 

to exist, but there are two reasons why no one of them is 

directly applicable to the situation in Nicaragua today. 

The first reason is that while all of the models are built 

on different sets of assumptions, and many of the assump­

tions do apply, none are completely consistent with the 

present situation. The second and more critical problem 

is that the programs now being considered are not aimed 

at developing the "modern," "industrial," "developed" 

societies on which the models focused. Rather the programs 

focused more directly on development of the agricultural

11) Yujiro Hayami and Vernon W. Ruttan, Agricultural Deve­
lopment: An International Perspective (John Hopkins 
Press, Baltimore 1971, pp. 20-23.

12) Theodore W. Schultz, Transforming Traditional Agricul­
ture (New Haven: Yale University Press 1964)

13) Yujiro Hayami, pp. 24-25.
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sector itself. This focus is more consistent with the 

development theory exemplified in the works of such 

authors, as Johnston, Mellor, and Mosher.

Developing Agriculture

Johnston and Mellor rejected the sharp dichotomy 

between the two sectors and attempted to analyze the role 

of the basic agricultural sector as it relates to the 

rest of the economy. They listed the contributions of

14 agriculture to development as follows:

1. Provide increased food at equal or lower 

real prices

2. Provide foreign exchange earning

3. Supply labor for other sectors

4. Supply needed capital

5. Supply a market for manufactures

They held that current low levels of income and producti­

vity were due to the lack of complementary inputs. These 

needed inputs did not require large capital investment but 

were technological and institutional in nature.

These technological and institutional inputs are 

divided by A. T. Mosher into the ...."essentials for ag- 

gricultural development".... and ...."accelerators of

14) Bruce F. Johnston and John W. Mellor, "The Role of 
Agriculture in Economic Development" American Economic 
Review, September 1961, Vol. 51, No. 4 pp. 566-593.
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agricultural development." The essentials enumerated by 

» v 15

15) Arthur T. Mosher, Getting Agriculture Moving (New 
York, Praeger 1965) pp. 63-179.

Mosher are:

1. Markets for farm products
2. Constantly changing technology
3. Local availability of supplies and equipment
4. Production incentives for farmers
5. Transportation
6. The general requirements for orderly human 

activity

If all of these are present then agricultural development 

will take place but if any one is lacking then there can 

be no development. While he considers these both neces­

sary and sufficient for development, the pace of develop­

ment may not be as rapid as is generally desired.

He further contends that it is possible to increase 

the rate of development through accelerator programs. 

These accelerators are:

1. Education for development
2. Production credit
3. Group action by farmers
4. Improving and expanding agricultural land
5. National planning for agricultural development 

The major difference between the "accelerators" and the 

"essentials" is that while all the essentials must be 

present, this does not hold for accelerators. Any one 

or combination of more than one of the above is sufficient 

to increase the rate of development.

For the purpose of this study, it is assumed that
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the essentials are already present unless proven otherwise 

in the course of the analysis. This will allow us to 

focus on the expected results if two of the accelerator 

forces, production credit and education, are brought into 

the system in the form of supervised credit.

Supervised Credit

Supervised credit is not new to development program­

ming. It has been attempted in many countries with various 

degrees of success and failure. Many programs in Latin 

America, especially the ACAR Program in Brazil, have been 

analyzed and reported on extensively in the literature.

The Supervised Credit Program of the Associacao de 

Credito e Assistencia Rural (ACAR) was initiated in the 

State of Minas Gerais, Brazil in 1948. Within five years 

it had been expanded to cover more of Brazil and has be­

come recognized as an example of a successful approach to 

the problems of Rural Development. The first study of the 

impact of the program by Mosher showed a general upward 

trend in the net worth of participants, especially sub- 

16 sistence farmers. A later study by Wharton in 1958 

revealed a growth rate in aggregate output of between 21 

and 32 percent and growth rates in productive efficiency 

between seven percent and 16 percent per year for semi-

16) Arthur T. Mosher, Technical Cooperation in Latin 
America,(Chicago, University of Chicago Press) 
Chapter 8.
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17 subsistence farmers. In more recent studies, the ACAR 

program has come under criticism in the area of program 

costs, economic efficiencies, and interest subsidies. In 

defense of the high cost argument, Wharton argues in 1969 

that if credit cost were viewed as investment in human 

capital and compared with output not accounted for by 

changes in input, then the return on investment was in the 

18 
range of 6.5 to 1.

In spite of some problems, the ACAR program is still 

considered to have been quite successful in a number of 

ways. Many programs though implemented in other countries 

to assist the small farmers, have not achieved the level 

of success of the Brazilian experience. In Peru, the de­

fault rates on loans were considered too high and credit 

was not sharply increasing farmer output. Farmers did not 

have sufficient resources to use credit profitably and 

appropriate technology for increasing productivity was 

19 not available.

20
D.H. Penny reviewed the poor performance of many 

other government credit programs in low income countries 

and argued that in early stages of development, cheap

17) Clifton R. Wharton, "The ACAR Program in Minas Gerais, 
Brazil" Change in Agriculture, edited by A.H. Bunting, 
(New York, Praeger Publishers, 1970) pp. 525-532.

18) Ibid, p. 530.

19) U.S. Agency for International Development, Agricul­
ture Credit and Rural Savings, USAID Bibliography, 
Series No. 7, p. 27.

20) D. H. Penny, pp. 32-45.
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credit is unlikely to be a useful growth stimulus. In 

defense of his position, he sites examples in Honduras, 

the Philippines, India, and Indonesia. In these programs 

the cost of providing credit ran as high as five times the 

interest rate charged to farmers and repayment rates were 

between 25 percent and 58 percent of the funds loaned out. 

He concluded from these examples and others, that ...."cre­

dit programs are an expensive and wasteful way of encou- 

• . 21raging agricultural development." In spite of what.... 

"should be clear".... he finds that governments continue 

to advocate credit programs for four reasons:

1. Governments and economists are unaware of 

attitudes of peasant farmers who are unwilling 

to use credit developmentally.

2. Governments see credit as an easy way to 

increase capital flows to the rural sector but 

fail to recognize that money is not capital 

especially if it is used for consumption.

3. Governments do not realize that credit institu­

tions are as much a result as a case of develop­

ment and can not be created by a stroke of the pen.

4. Governments fail to recognize the powerful 

economic reasons for high nominal rates of 

interest. Real rates of interest are much

21) Ibid, p. 41.
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lower than the nominal rates charge by 

non-institutional credit sources.

He contended that governments should be more careful in 

how they use scarce resources under their command. "There 

are many possibilities in addition to credit programmes: 

agricultural research and extension, roads, processing faci­

lities, a market information service, administering a land 

22 reform, land settlement and fertilizer factories."

He does not say that credit programs cannot be pro­

fitable - to the government and the economy as a whole - 

but will be profitable only if:

1. there is unexploited productive potential in 

the farming areas where the loans are to be 

made

2. the farmer-borrowers and the lenders know 

what the economic opportunities in each 

locality are

3. the farmers are willing to borrow and to use 

the loans productivity, and

4. steps are taken to raise the propensity to save

In Nicaragua, it has been shown that some of the con­

ditions cited above by Penny and by Mosher in his essen-

22) Ibid, p. 43.
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tials for development do indeed exist. Different techno­

logy levels exist that are more productive than those used 

by the majority of the farmers. The supplies and equipments 

that are available are being used on some farms. Other 

conditions necessary have been cited and are expected to 

be met as the proposed credit program is being implemented. 

Other social, economic and/or political conditions are 

assumed to be favorable or at least not detrimental to 

the success of the proposed credit program. However, 

accepting the presence of all conditions necessary for 

development, the many problems remain.

Problem Statement

The country of Nicaragua faces a serious problem of 

low levels of productivity, low per capita income, and high 

levels of unemployment in its agricultural sector. Within 

the basic grain sector though some farmers were identified 

who had achieved a higher level of technology through the 

. 23use of purchased inputs. An analysis of this technology 

indicated that it resulted in a higher level of production 

and income per unit area cultivated. Extension and credit 

programs that will enable farmer to adopt the higher level 

of technology are now being considered. If such a program 

is successful and farmers do switch from traditional to

23) Philip F. Warnken, p. 128.
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modern technology what will be the magnitude of the impact 

on food grain production? What will be the impact on 

rural employment and foreign exchange? And what will be 

the impact on producer and total rural income under esti­

mated future prices?

Objective and Hypothesis

The objective of this paper is to develop a simple 

model that can be used by policy makers to examine some of 

the questions raised above. In order to keep the model 

simple, it will consider only the production of basic 

grains: corn, beans, grain sorghum, and upland rice in 

the six major agricultural regions. The model will fur­

ther assume that the farmers provided credit will in fact 

shift to the proposed technology and that their costs and 

returns will be similar to those of farmers already using 

this technology.

It will attempt to determine the magnitude of the 

impact of increased use of purchased inputs in the basic 

grain sector on:

1. The balance of payments position of Nicaragua

2. Annual production of basic grains

3. Income in the rural sector

4. Employment in agriculture

It is hypothesized that such a program will have a 

positive impact on all four of the above. The first three
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are consistent with traditional development theory and 

programs; but the fourth - an increase in employment in 

agriculture - is a departure from previous theory and 

the development processes that have taken place in the 

industrialized countries such as the United States.

Organization of the Study

Chapter II presents first, an overview of the use 

of simulation models in the evaluation of agricultural 

development policy decisions. Based on these earlier 

works, the process of developing the model of the basic 

grains sector is outlined along with a description of the 

model to be used in this study. The data and previous 

analyses of the data used to determine the coefficients 

in the model are also reported.

In Chapter III the data are analyzed to determine 

the aggregate production functions and the cost and re­

turns for the different technology levels. The remaining 

coefficients and relationships that could not be computed 

from available data are estimated. The relevant and 

required assumptions are also reported.

Chapters IV through VII present the results of 

experiments conducted with the model for the four crops. 

For each of the crops the production possibilities, labor 

requirements and income changes and the balance of payments 

due to changes in technology are reported. Based on
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projections of the model, policy recommendation are made 

for each crop.

The summary of findings and conclusions for the 

various policy alternatives are presented in Chapter VIII. 

Recommendations for further study in Nicaragua using this 

model and possible use of an adopted model in other less 

developed countries conclude this study.



CHAPTER II

DATA AND METHODOLOGY

Simulation Models

The basic method that will be used in this study to 

examine the effects of shifts in technology in grain pro­

duction on small farms is a simple simulation model. The 

simulation model has been selected because of its ability 

to focus on a number of objectives and consider the dyna­

mic interrelationships taking place within a sector of an 

24 economy. This model of the basic grains sector of 

Nicaragua focuses on a number of variables that policy 

makers would like to positively influence through a spe­

cific type of program. Experimenting with this type of 

model enables policy makers to review the favorable and 

unfavorable effects of the proposed program without actual 

implementation. It thereby allows them to adjust the 

program or add supporting programs to offset unfavorable 

results before they occur. It may further provide real­

istic goals, quantified over time, that may be used to 

evaluate the program as it is implemented.

24) For further discussion of the abilities and strengths 
of simulation see: Noel R. Devisch, Application of 
the System Approach: An Information and Decision 
Model for the Hog Enterprise, (Unpublished Ph. D. 
Dissertation, University of Missouri-Columbia 1976) 
pp. 7-28 and pp. 154-170.

23
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Ideally, the model should include all variables that 

might enter into the dynamic interrelationships involved. 

The inclusion of these and stochastic equations to account 

for such unpredictable variables as weather, could provide 

a very real picture of the range of outcomes that might be 

expected. But due to lack of reliable data in some instan­

ces, and the desire to keep the model simple enough to use 

the type of data available in most developing countries, 

only those variables which are considered most significant 

will be included. For the same reason, this model will be 

deterministic in nature and leave stochastic considerations 

up to estimation by policy makers or future models of 

this sector.

While no longer new to agricultural economics, 

simulation is one of the more recent tools used in agri­

cultural economics research. It has been used in the farm 

management area to stimulate whole farm growth, specific 

enterprises, and subsystems of enterprises in order to 

provide answers useful to management. Use is expected 

to increase in this area especially in the form of firm 

growth models, as the availability of computer facilities 

25 increases.

Sophisticated models of various subsectors and the 

entire agricultural sector of less developed countries

25) Jack R. Anderson, "Simulation: Methodology and 
Application in Agricultural Economics" Review of 
Marketing and Agricultural Economics, March 1974 
pp. 31-32.
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while not abundant, have been developed and implemented 

in other countries. The most extensive work to date in 

agricultural development work is the "Generalized Simula­

tion Approach to Agricultural Sector Analysis" by the 

Michigan State University team. The generalized model

was based originally on Nigeria but by 1973 had also been 

applied in Venezuela, Colombia, and Korea. At that time, 

they drew the following conclusion about the usefulness

2 6 of simulation and specifically their model.

"It is felt that the model and many of its 
components are ready for application....that 
application should always be expected to involve 
extensive field work and interaction with decision 
makers which will reveal needed modification 
and further development of the models....In 
addition to being useful in constructing models 
of the entire agricultural economy of different 
countries, components developed for the total 
model are potentially useful in designing, 
analyzing, and evaluating program and more de­
tailed projects of the subsector level. It also 
appears that the processes which have been modeled 
are so important to the countries....that full 
use of these models requires their mastery by 
indigeneous personnel.... Finally, policy decision 
makers, in evaluating simulated result, must be 
aware of the assumptions and simplification built 
into the model....The model is an economic model, 
it was not designed to answer social or political 
questions."

The advantages of such a model that will allow policy 

makers to consider the results of policies before they are

26) The Michigan State University Agricultural Sector 
Simulation Team, "System Simulation of Agricultural 
Development: Some Nigerian Policy Comparisons" 
American Journal of Agricultural Economics, Vol. 55 
No. 3, August 1973, p. 418.
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implemented are obvious when dealing in the area of scarce 

resources. But the process is not without its critics. 

If dubious logic and shaky data are included in the model, 

then the projections are obviously questionable. In 

complex models the assumptions often become transparent 

. . . . 27as information is fed into and out of the computer. The 

practicality of using such models is further questioned 

even if they can be accurately designed. The MSU team 

found substantial information reservoirs and research 

investigation are usually necessary in developing a 

reasonably complex and useful simulation model.

Trained personnel with access to a large computer 

and a large budget are required. The issue remains as to 

whether or not the use of the resources required for the 

development of a complex model is worth the information 

28 
generated.

The model used in this study is an attempt to avoid 

the cost problems while still taking advantage of a few 

of the possibilities available in simulation. This model 

is relatively simple and requires a minimal programming 

and computational capabilities. The assumption are 

apparent and can be rejected or modified by any user of

27) Jack R. Anderson, p. 33.

28) P. J. Charlton and S. C. Thompson, "Simulation of 
of Agricultural Systems" Journal of Agricultural 
Economics, August 1970, p. 388.
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the model. In spite of this simplification, the model still 

meets the definition of simulation as it is a numerical 

manipulation of a symbolic model over time.

The simulation modeling procedures followed in this 

study are basically the same as those found among the 

various authors on simulation in agriculture. The process 

or steps involved are described by Anderson in his review 

29 of Simulation in Agricultural Economics. These steps are:

1. Specification of Goals

2. System Analysis

3. Synthesis and Model Implementation

4. Verification and Validation

5. Sensitivity Analysis

6. Model Experimentation & Interpretation

The first step in the process, the specification of 

the goals of the model, are defined in Chapter I in the 

objectives of this study for this model.

The systems analysis is the analytical stage. In 

addition to being critical to the model and any experi­

mentation with the model, it is of significant value in 

its own right. In this stage, the significant variables 

and their relationships must be identified and in so doing, 

useful knowledge is provided for policy makers and program 

designers.

29) Jack R. Anderson, pp. 7-23.
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Information provided in the systems analysis provides 

the subsystems and variables to be logically structured in 

the system synthesis. Adequate and meaningful data must 

then be analyzed to define the coefficients and equations 

to be used in the model. The availability and reliability 

of this data will often determine the complexity and use­

fulness of any model. Once the relevant equations have 

been determined and logically structured, the system can 

be programmed for rapid manipulation of the data by the 

computer.

The model is now ready for verification and valida­

tion. The verification consist of debugging the computer 

program and comparing anticipated with actual behavior of 

the model. Once the simulator has decided the model does 

what he wants it to do, it is ready for validation. No 

matter how sophisticated the equations, and beautiful the 

geometry of the flow patterns, the model is only useful 

if it can mimick the real world.

The model can be further tested in terms of its sen­

sitivity to changes in individual or combinations of vari­

ables. Those variables in which slight changes affect the 

results of the model may be re-checked to insure their ac­

curacy and further improve the accuracy of the model. Once 

the simulator is satisfied that they are accurate, they can 

be focused on in policy considerations as areas to be 

controlled to bring about the desired changes in the
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real world that the model simulates.

These steps need not, and in fact, usually are not 

completed in the sequence specified. Most steps feed back 

into one another as the model is refined to meet the goals 

originally specified. At this point, the model is ready 

for experimentation. This is why it was built and the 

results of these experiments should provide the answers 

to questions about policies and programs being considered.

Data

The data used in this model are derived from four 

sources: 1) the National Agricultural Census, 2) Annual 

Reports of the Central Bank of Nicaragua, 3) A National 

Agricultural Survey conducted by the Sector Analysis Unit 

(UNASEC) in 1971, and 4) 1975 Input/Output Prices collected 

by Philip F. Warnken with the assistance of the UNASEC 

staff in January 1975. No survey data were collected 

specifically for this model. This limits the model but 

reliable data is a limitation in any developing country. 

The major strength of this type of model lies in its 

ability to provide further information or clarification 

of a given situation with relatively low cost to its users 

by using only available data. Therefore, acceptance of 

the limited data available is sufficient and consistent 

with the goals of the study.

The cost and returns data of the UNASEC study pro-
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vide most of information built into the model. These data 

are used to disaggregate the basic grain production sector 

into the four different populations by technology. It is 

further used to determine the cost and returns per manzana 

that are aggregated to determine the values of output vari­

ables on a national basis. This aggregation further relies 

on the National Census and Central Bank reports of: total 

area in production, consumption, and labor available.

The UNASEC data is derived from a survey of 677 farms 

(220 for beans, 293 for corn, 94 for sorghum, and 60 for 

rice). The year the data were collected (1971) was 

assumed to be a normal crop year, therefore, any output 

of the model should be expected to represent only normal 

crop years. While the sampling was not random in the 

general statistical meaning of that term, it is assumed 

to be sufficiently random to give a representation of the 

cost and returns per manzana for farmers in the different 

technology levels.

In the earlier analysis of this data by Warnken, 

Finley, and Swenson,^ each sample farm was categorized 

into one of three different technology levels. These 

technologies were defined as:

I. Traditional Technology - farms that engaged 

in tradition system of agriculture

30) Philip F. Warnken and Walter L. Swenson, An Analysis 
of Agricultural Production in Nicaragua, (Unpub1ished 
Report for USAID, June 1974).
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II. Intermediate Technology - farms that used one 

modern commercial input as well as animal and 

machine energy

III. Optimum Technology - farms that used the most 

adequate technology available for the activity 

under study

Their analyses of the cost and return for those 

technological classifications in 1971 (Table 1) showed 

that yields are sharply increased with the use of pur­

chased inputs while per unit production cost are not 

significantly affected. They also found that "increased 

use of modern inputs is one means of increasing the level 

of labor employed," and the wage rate.^ It was thus 

concluded: "non-traditional inputs must therefore be the 

basis for any program which has the objective of reducing 

unemployment, increasing rural income, and raising agri- 
32 cultural production."

In order to determine if these recommendations were 

still valid after the dramatic shift in prices between 

1971 and 1975, the same cost and returns concepts were 

33 computed using 1975 input and output prices. Production

31) Philip F. Warnken, The Agricultural Development of 
Nicaragua, p. 83.

32) Ibid, p. 84.

33) Philip F. Warnken, Shift in the Competitive Advantage 
of Traditional and Energy Intensive Agriculture Under 
Rising Energy Cost, (Unpublished paper presented at 
the 1975 Annual American Agricultural Economics Asso­
ciation) .
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TABLE 2 .1

SELECTED COST AND RETURN CONCEPT FOR

B A SIC  GRAIN CROPS IN  NICARAGUA BY TECHNOLOGY

1 9 7 1  P R IC E S  EXPRESSED IN  CORDOBAS*

* 7 C o r d o b a s  = O ne U .S .  D o l l a r

* * 1  M a n z a n a  = 1 . 7  A c r e s

COST RETURN UPLAND
CONCEPTS TECH CORN BEANS SORGHUM R IC E

T o t a l  C o s t /
M a n z a n a * * 1 3 2 7 . 0 0 4 5 3 . 0 0 3 1 4 . 0 0 5 7 1 .0 0

2 5 7 3 .0 0 5 6 9 .0 0 5 7 8 .0 0 8 4 7 . 0 0
3 8 4 1 . 0 0 7 1 7 . 0 0 8 7 3 . 0 0 1 2 3 4 .0 0

Y i e l d / M a n z a n a 1 1 5 .1 2 1 0 .4 9 1 4 .0 2 2 5 .9 2
2 2 4 . 1 7 1 2 . 5 9 2 4 . 4 5 3 0 . 2 8
3 4 2 . 6 2 2 5 . 0 0 3 4 . 1 0 5 0 .3 8

C o s t / c w t . 1 2 1 . 6 0 4 3 . 1 7 2 2 . 3 9 2 2 .0 3
2 2 3 . 6 9 4 5 . 2 3 2 3 . 6 3 2 7 . 9 8
3 1 9 . 7 1 2 8 . 6 8 2 5 . 5 9 2 4 . 5 0

N e t  I n c o m e / 1 8 5 . 2 7 1 8 9 .0 3 1 . 3 9 3 0 7 .4 5
M a n z a n a 2 1 0 5 .6 2 2 1 5 .1 2 3 . 7 1 4 2 2 .2 3

3 2 6 0 . 7 7 1 4 3 2 .9 8 - 1 1 3 . 6 9 6 8 2 .7 7

N e t  C a s h  I n c o m e / 1 2 1 7 .6 7 3 3 1 . 6 8 1 4 4 .1 7 4 8 1 . 9 1
M a n z a n a 2 3 0 6 . 6 8 3 9 3 . 3 5 2 2 0 .3 8 6 4 7 .9 5

3 4 9 9 . 2 8 1 6 6 4 .4 8 1 0 4 .5 2 1 0 3 3 .3 2

L a b o r  R e q u i r e - 1 3 6 . 1 4 4 . 6 3 8 . 6 7 0 . 0
m e n t /M a n z a n a 2 4 3 . 5 4 0 . 2 4 1 . 4 9 1 . 9

3 4 0 . 1 2 6 . 0 4 2 . 0 4 1 . 2

S o u r c e :  W a r n k e n ,  P h i l i p  F . ;  An A n a l y s i s  o f  A g r i c u l t u r a l 
P r o d u c t i o n  i n  N i c a r a g u a
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coefficients were left unchanged. Traditional agriculture 

gained in competitive advantage relative to more extensive 

use of modern inputs during this period, but it did not 

gain sufficiently to offset the earlier recommendation. 

Both cash and net income continued to be substantially 

greater for technology level III except in the case of 

grain sorghum (Table 2.2).

In the model used in this study, the same data and 

cost and returns procedure will be used as in the Finley, 

Warnken, and Swenson studies except for one important 

change. The farms are re-categorized into four technology 

levels in an attempt to separate the small farms from the 

larger mechanized farms.

The Model

This model of the Nicaraguan Basic Grain Sector dis­

aggregates the production into four populations (See 

34Figure 2). These population will be referred to in the 

rest of this paper as technology I representing tradition 

agriculture, technology II representing those farmers 

that use an intermediate level of technology, technology 

III representing optimum technology available to small 

farmers and technology IV representing the large and 

mechanized farms.

34) For an explanation of the disaggregation procedure, 
see pp. 42-45.
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TABLE 2.2 

SELECTED COST AND RETURN CONCEPTS FOR 

BASIC GRAIN CROPS IN NICARAGUA BY TECHNOLOGY 

1975 PRICES EXPRESSED IN CORDOBAS

COST RETURNS 
CONCEPTS TECH CORN BEANS SORGHUM

UPLAND
RICE

Total Cost/ 1 536.00 741.00 544.00 927.00
Manzana 2 1123.00 1077.00 1064.00 1683.00

3 1609.00 1666.00 1704.00 2254.00

Cost/cwt. 1 35.26 70.48 38.62 34.84
2 46.37 85.12 43.45 54.07
3 37.75 66.65 49.96 44.71

Net Income 1 143.10 759.84 6.70 850.33
2 -7.13 761.17 -54.73 876.75
3 200.68 3345.35 -386.82 1567.25

Net Cash Income 1 378.15 1010.97 261.41 1155.27
2 332.00 1071.60 316.58 1283.96
3 603.05 3728.62 -7.51 2166.15

Source: Warnken, Philip F.; Shifts in the Competitive 
Advantages
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Input Variables

The model considers the inputs into the production 

process in terms of the three tradition agricultural in­

puts: land, labor, and capital. The land area devoted 

to each of the four crops is determined from available 

census data and reports of the Banco Nacional de Nicaragua. 

The area planted is allowed to increase in the model at 

a constant rate consistent with recent reports. The rate 

of change in land area for each crop and each technology- 

level is subject to and dependent upon assumptions exogen- 

uous to the model.

The total labor input is allocated to the various 

technology levels according to labor use patterns identi­

fied in the UNASEC study. While labor is an input in the 

production process, the amount of total labor demanded is 

an output variable of the model, because the effect on 

employment or unemployment of any program is of signifi­

cant interest to policy makers.

The capital component considers only those purchased 

inputs that are used by small farmers. (Mechanization in 

technology IV and other forms of capital that are not 

directly affected by shift in the three lower levels of 

technology are not considered). As the use of purchased 

inputs increases, it is assumed that the farmers gain the 

knowledge sufficient to use this capital as efficiently as 

those already included in the technology III category. In
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this way, education is indirectly considered in this model.

Output Variables

The results or effects of shifts from technology I 

to technology III are measured in terms of total employment 

as mentioned above, total domestic production, income for 

small farmers and income in rural areas, and the balance 

of payments effect. Total employment includes both hired 

and unpaid family labor measured in manyears where one 

manyear equals 260 mandays of eight hours per day. Due 

to the seasonality of work involved, the number of indi­

viduals involved will obviously be greater than the number 

of manyears employment generated. But, as unemployment is 

estimated at 30 percent, it is assumed that the population 

in rural areas will be sufficient to supply the labor 

required.

Total production is simply the sum of the production 

of the four population groups.

The income of small farmers is defined as the net 

returns from the production enterprise plus the value of 

family supplied labor for the first three technology 

levels. It is assumed that all farmers pay rent in one 

form or another, therefore, rent has been deducted as a 

cost for all farms.

Rural income is defined as small farmers' income 

plus the total amount paid for labor in all four technology
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levels. Animal unit costs are included in rural income as 

animal units represent payment to the laborers working with 

animals as opposed to laborers with hand tools.

The balance of payments effects computed in the 

model are only the change in the balance of payments, 

costs and benefits, if the credit program is implemented. 

The costs are an estimate of the cost of importing the in­

creased agricultural chemicals, machinery, and fuel to 

enable the farmers to shift from technology I to tech­

nology III. The benefits are the value of the increased 

production at estimated world market prices. It is 

assumed this increased production could either substitute 

for imports or add to exportable surplus. This output 

variable is only an approximation of the magnitude and 

direction of the balance of payments effects as more 

accurate data and sophisticated modeling would be required 

to present a more accurate estimate of the foreign ex­

change effects.



CHAPTER III

SYSTEM SYNTHESIS AND MODEL VALIDATION

The system synthesis is essentially the mathematical 

formulation of the relationships identified in the analy­

sis of the system. In this Chapter, the data from the 

four sources discussed in Chapter II are analyzed to 

quantify those relationships. The relationship of the 

production inputs, both endogeneously and exogeneously 

determined in the model, to the output variables are first 

analyzed by traditional production function techniques. 

The production functions computed from the available data 

generally describe the relationships as expected but are 

rejected as a basis for the model because they were not 

able to explain enough of the variation in the output 

variables.

The relationship of the input variables to output 

were determined for each crop by technology level. The 

expected area planted under each level of technology for 

each crop is computed and the output variables is used to 

quantify the output variables for the country and rate of 

change in those variables. The projection of the model 

are then compared to historical data to insure that the 

model is a reasonably accurate representation of the 

real world.

39
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System Synthesis

The first step in making the model workable was the 

specification of equations in which those variables to be 

examined are a function of the variables that would be 

exogeneously determined by policy. As purchased inputs 

are to be manipulated by the program, the first step in 

the systems synthesis was to define the relationship bet­

ween them and the output variables of the model. These 

relationships can and are often defined through statisti­

cal regression analysis to determine production functions.

The production functions were computed from the 

UNASEC data with yield the dependent variable and produc­

tion inputs the independent variables. Multiple stepwise 

regression using least square estimation was used to 

determine the production functions. Using this method, 

production functions were determined for each of the four 

crops in the form:

Yield = f (Labor, Animal Units, Machine Units, 

Seed, Fertilizer, Insecticide, and 

Herbicide)

In all crops except rice, fertilizer and seed were 

among the three most important variables in explaining 

the difference in yield. They were two of the first three 

variables entering the stepwise regression model. To the

extent that the purchased inputs were positively and sig­

nificantly related to yield (Table 3.1) it seems reason-
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TABLE 3 .1 

STATISTICAL RESULTS

PRODUCTION FUNCTION COEFFICIENTS BY CROP

INDEPENDENT
VARIABLES CORN BEANS SORGHUM

UPLAND 
RICE

L a b o r .0 6 2 * .0 8 5 * .0 8 8 .0 8 1
( .0 3 5 ) ( .0 2 2 ) ( .0 7 0 ) ( .0 5 8 )

A n im a l U n i t .0 2 3 * - . 0 0 6 .0 0 4 - .0 3 3
( .0 1 2 ) ( .0 1 0 ) ( .0 2 2 ) ( .0 3 3 )

M a c h in e .0 6 * .0 2 1 * .0 2 4 .0 3 6 *
( .0 0 9 ) ( .0 1 0 ) ( .0 1 6 ) ( .0 1 8 )

S e e d .0 9 2 * .0 3 3 * . 185* - .0 1 2
( .0 2 9 ) ( .0 1 0 ) ( .0 4 4 ) ( .0 3 3 )

F e r t i l i z e r .0 1 6 * .0 1 2 * .0 2 2
( .0 0 4 ) ( .0 0 2 ) ( .0 0 9 ) —

I n s e c t i c i d e .0 0 5 - . 0 0 5 .0 1 2 .0 6 3
( .0 2 0 ) ( .0 1 2 ) ( .0 7 2 ) ( .0 3 9 )

H e r b i c i d e .1 1 8 — - 1 . 0 4 .0 8 0
( .0 9 4 ) — ( .7 5 ) ( .0 4 9 )

C o n s t a n t 1 0 .3 2 7 3 .7 5 9 .8 2 2 4 .8 8

R2 .4 2 .2 3 .3 3 .4 1

F 2 6 .4 7 1 2 .9 9 7 .5 5 .0 9

* V a r i a b l e  S i g n i f i c a n t  a t  5 p e r c e n t  l e v e l
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able to conclude that a program that increases purchased 

inputs use would increase production.

The variables included in the production function 

however, were able to explain less than half of the vari- 

2 
ation in yield. R values ranged from .42 to .23. This 

was not unpredictable as such factors as quality of land, 

climatic differences, and management ability on the dif­

ferent farms could not be included due to lack of reliable 

data. For this reason, the production function equations 

were rejected as the basis of model.

Classification by Technology

It was decided that the disaggregation of the farms

into different technology groups with farms being trans­

ferred from one technology level to a higher one would 

provide a better estimate of the change in production and

in other output variables. The change in output variables

thereby is effected by a change in purchased inputs, energy 

use, and management ability of the farmers. A supervised 

credit program, if successful, should change all of these 

variables in discreet amounts. From the coefficients for 

each technology level, the aggregate yield, income, and 

employment levels are then estimated by equations of the 

form.

Y, .A. . + Y_ .A_ . + Y_ .A_ .
11 li 21 21 21 31 4i 4i
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Where:

Y^. = Total production of crop i

Y^. = Production/Manzana for technology I crop i 

A^^ = Area planted to crop i using technology I

Classification Criteria

The farms in the survey are categorized into dif­

ferent technology levels by the amount of machinery and 

purchased inputs used (Table 3.2). The classification by 

mechanization is an attempt to separate out those farms 

that use mechanization in more than one phase of the 

production process. These farms represent large farms 

and a level of technology not immediately available to 

the small farmers. Those farms whose machine unit costs 

were less than 125 cordobas per manzana were retained in 

technology categories I, II, and III. This level of 

mechanization was not considered a significant shift in 

technology but only an alternate method of initial land 

preparation. This level of mechanization is available 

to most of the smallest farmers in the form of a service 

for hire and typically, does not represent any investment 

in capital by the farmer. It is simply a production 

expense to be paid in the short run production period.

The classification by seed is based on the proposi­

tion that those farms using improved varieties were in a 

higher technology level. No information was available by
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farm as to what varieties were actually planted so it was 

assumed that those which used expensive seed used improved 

varieties and better seed. The value of seed used as a 

cut off between levels was based on reported prices of 

improved seed varieties.

Those farms using purchased chemical inputs were 

also considered to be in a technology category higher than 

the traditional farms. Values for these input were set at 

some level greater than zero. It was assumed that amounts 

below those specified in Table 3.2 would have no effect on 

yield, therefore, were equivalent in practice to zero use 

of these inputs.

Those who used any one of the purchased inputs spe­

cified were considered to have moved only one level above 

traditional technology. Those farms which used two or 

more of these inputs were included in technology level 

III. This is based upon the recommendation from the 

various international research centers that a "package 

of inputs" is necessary to gain maximum returns from the 

individual inputs used.

Input/Output Analysis by Technology Level

Once the stratification criteria had been specified, 

the farms were divided among these technology levels and
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and the cost and returns, yields, and labor requirements 

per manzana, were computed for each technology level for

3 5 each crop. The prices used were from January 1975. The 

input levels were determined from the UNASEC survey in 

1971-1972 inflated to show the cost of production in 1975. 

The returns or gross income were computed from the yields, 

reported by farmers in the same survey, multiplied by the 

government support prices. The following is a summary of 

the input/output analysis for each crop.

Corn

Of the 293 corn farms included, 119 were in techno­

logy I, 66 in technology II, 68 in technology III, and 45 

in technology IV. As was expected, there was a significant 

difference in yield between technologies I and III, 14.68 

vs. 26.12 hundredweight per manzana. Value of production 

was directly proportional to yield as prices were assumed 

the same for all farms and equal to the Nicaraguan Govern­

ment set price of C$45/hundredweight (cwt). Use of tech­

nology III produced another benefit in that it also gene­

rated more employment (Table 3.3). Unfortunately though, 

even with the additional yield, farmers in technology III

35) The source of these prices is reported in Chapter II, 
p. 29.
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TABLE 3.3 

INPUT/OUTPUT ANALYSIS FOR CORN 

BY TECHNOLOGY LEVEL*

(1975 PRICES)

TECH I TECH II TECH III TECH IV

Total Cost 511.46 878.52 1259.49 1757.53

Variable Cost 358.54 679.03 944.77 1397.51
Labor 292.04 357.67 346.44 308.09
Machine 1.98 4.21 29.55 284.86
Animal 29.10 83.30 93.30 30.17

Purchase Input 21.21 206.08 432.60 714.20
Seed 13.51 22.95 42.13 62.71
Fertilizer .05 165.51 333.68 483.29
Insecticide .00 7.29 43.91 104.18
Fungicide .0 .0 .23 3.58
Herbicide .0 .0 .45 3.17
Repair & Energy .0 .0 1.43 38.57
Other 7.64 10.32 10.74 18.00

Interest 14.03 10.67 20.52 33.16

Fix Cost 152.91 199.49 314.72 360.02
Labor 13.58 1.78 82.02 106.93
Land 125.29 187.02 212.16 219.92
Depreciation 14.03 10.67 20.52 33.16

Gross Income 660.93 748.01 1177.39 1992.60
Net Income 149.47 -130.50 -82.10 235.07
Farmers' Income 232.10 -32.56 44.21 —
Rural Income 684.19 313.97 443.10 475.78

Yield (cwt.) 14.68 16.62 26.16 44.28

Labor days 32.81 40.21 39.13 32.17

*A11 data are computed on per manzana basis.

All values are in Cordobas except where noted.
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had much lower income than the traditional farmer. The 

marginal cost of purchased inputs had clearly exceeded 

their value in corn production under 1975 price condi­

tions .

If production and small farmers income are both to 

be increased, it is obvious that an improved technology 

must be provided or the ratio of input/output prices must 

change. In terms of the objectives of this study and the 

proposed program, one might also be tempted to conclude 

from this analysis that if farmers are rational, they 

will not switch technologies. If they could be provided 

with this type of information and advised that they would 

likely be worse off after joining the program, they pro­

bably reject the opportunity to participate.

Unfortunately, this type of information is usually 

not available to the credit program personnel nor the 

farmers the program is intended to serve. The extension 

agents generally base their recommendations for adopting 

the new technology on cost and returns computed under ex­

perimental conditions. Some farmers, unaware of looses 

incurred by other farmers who have attempted to follow 

this same technology, will join the program in hopes of a 

higher income. Other farmers seek credit to meet imme-

36) Income levels are defined in Chapter II, pp. 37-38.
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TABLE 3.4

INPUT/OUTPUT ANALYSIS FOR BEANS 

BY TECHNOLOGY LEVEL* 

(1975 PRICES)

*A11 data are computed on per manzana basis.

TECH I TECH II TECH III TECH IV

Variable Cost 562.85 807.98 1018.26 1237.72
Labor 416.87 430.85 461.98 480.96
Animal 40.96 56.21 61.27 19.81
Machinery

Purchase Input

.38 12 .45 12.72 220.50

Seed 65.24 90.11 117.88 105.93
Fertilizer 0.00 132.80 260.14 291.70
Insecticide .30 11.15 43.47 40.30
Fungicide 0.00 0.00 0.00 0.00
Herbicide .00 .00 .00 —
Energy & Repair - 27.77 — 19.55
Other 16.82 12.83 15.74 9.11

Interest 22.25 33.78 45.04 49.84

Fix Cost 156.83 222.87 201.99 215.78
Land 142.21 164.67 177.25 173.33
Labor 427.32 446.08 473.67 480.96
Depreciation 4.17 42.97 13.03 42 .45

Total Cost 719.68 1030.86 1220.25 1453.51

Gross Income 1434.38 1913.82 2042.01 2455.33
Net Benefit 714.69 882.96 821.76 1001.81
Farmers' Income 820.53 996.54 905.70 —
Rural Income 1183.00 1393.00 1358.00 500.77

Labor days 43.51 44.24 46.14 44.53

Yield (cwt.) 9.89 13.19 14.08 16.93

All values are in Cordobas except where noted.



50

diate family needs and production cost even if they are not 

convinced of the possibility of higher future increases.

Beans

For beans, the 220 farms sampled were distributed 

82 in technology I, 93 in technology II, 39 in technology 

III and only six in technology IV. Yields are also higher 

for farmers in technology III, 14.08 vs. 9.89 (Table 3.4). 

Value of production is again computed for all farms using 

the government price of 145 cordobas per cwt, giving the 

technology III farmers a 50 percent higher gross income 

than traditional bean farmers. In contrast to the sit­

uation for corn, the income of bean farmers increased but 

not as dramatically as might be expected from a 70 percent 

increase in cost. It seems reasonable to expect bean 

farmers to be willing if not anxious to participate in 

the proposed supervised credit programs.

Switching technology in bean production however, will 

have little or no effect on rural employment as labor days 

required varied only 43.51 to 46.74 and these differences 

were not statistically significant (Table 3.7).

Grain Sorghum

The situation for grain sorghum is similar to corn 

in many ways. The majority of the farms sampled, 38 of

94 were in traditional technology with 18, 17, and 21 in
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technologies II, III, and IV, respectively. Again, the use 

of purchased inputs brought about a dramatic increase in 

production, 25.50 cwt per manzana for technology III against 

only 14.42 hundredweight per manzana for traditional tech­

nology (Table 3.5). There is also a significant positive 

effect on employment. The farms in technology III require 

58.77 mandays of labor while traditional technology employs 

only 35.15 mandays of labor.

The income situation for sorghum though is worse 

than that of corn. Not only did the sample farms in tech­

nology III earn less than those in technology I but had a 

net loss of 319 cordobas with their own labor valued at 

zero. It seems unreasonable in this situation to expect 

that any reasonable change in the input/output price ratio 

will be sufficient to provide a competitive advantage to 

the technology level III identified on farms in the survey. 

Therefore, any change in sorghum production will require 

further research before advances can be made in the pro­

duction of this crop. Sorghum then should probably con­

tinue to be planted by small fanners using traditional 

practices, only as a low risk crop when no other crop is 

possible. Financing farmers to use purchased inputs will

be a disservice to the farmers and the lending institutions 

as the repayment rate on loans will be very low.
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TABLE 3.5 

INPUT/OUTPUT ANALYSIS FOR SORGHUM 

BY TECHNOLOGY LEVEL* 

(1975 PRICES)

TECH I TECH II TECH III TECH IV

Variable Cost 334.17 480.08 1233.16 959.87
Labor 253.24 206.24 616.50 178.57
Animal 43.37 89.38 86.49 17.83
Machine 4.06 31.80 35.23 338.16

Purchase Input 
Seed 6.13 12.70 46.57 59.81
Fertilizer 1.11 101.76 319.77 228.93
Insecticide .30 10.56 34.27 34.94
Fungicide — — — —
Herbicide 0 0 0 2.53
Energy & Repair■ 0 0 0 38.67
Other 14.96 10.37 41.00 21.39

Interest 10.96 17.14 53.30 39.01

Fix Cost 132.01 159.43 232.97 277.93
Land 130.43 151.86 229.20 186.91
Labor 0 0 0 28.63
Depreciation 1.58 7.56 3.76 62.38

Total Cost 466.18 639.52 1466.13 1237.80

Gross Income 584.35 518.94 1033.07 1188.28
Net Benefit 118.16 -120.60 -433.00 -49.50
Farmers' Income 221.94 -.70 -319.00 —
Rural Income 414.77 189.15 270.76 225.05

Yield (cwt.) 14.42 12.81 25.50 29.34

Labor Days 35.15 33.41 58.77 19.57

*A11 data are computed on per manzana basis.

All values are in Cordobas except where noted.
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TABLE 3.6

INPUT/OUTPUT ANALYSIS FOR RICE 

BY TECHNOLOGY LEVEL* 

(1975 PRICES)

TECH I TECH II TECH III TECH IV

Variable Cost 803.45 1111.98 1558.92 1903.59
Labor 648.71 575.43 520.05 261.29
Animal 47.09 108.13 115.24 5.89
Machine 0 7.03 52.28 451.30

Purchase Input
Seed 63.25 91.36 127.47 203.81
Fertilizer 0 254.58 498.65 621.29
Insecticide 0 0 25.90 114.99
Fungicide 0 0 0 45.20
Herbicide 0 0 70.04 66.78
Energy & Repair 0 0 0 45.65
Other 8.59 30.74 77.41 8.42

Interest 35.79 44.68 71.84 78.68

Fix Cost 192.50 292.23 198.57 534.65
Land 188.33 291.25 178.85 259.02
Labor 0 0 16.20 36.07
Depreciation 995.95 1404.22 1757.50 2437.99

Gross Income 2027.28 1938.28 2316.42 3516.98
Net Income 1031.12 534.06 588.92 1366.00
Farmers'Income 1082.83 707.59 625.32 —
Rural Income 1726.92 1217.62 1225.50 303.25

Yield (cwt.) 27.02 25.84 30.88 46.89

Labor days 71.13 93.93 73.25 24.27

*A11 data are computed on per manzana basis.

All values are in Cordobas except where noted.
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Upland Rice

Of the 60 upland rice farms included in the sample 

16 fell into technology I, 18 in technology II, 10 in 

technology III and 16 in technology IV. Rice differed 

from the other three crops in that there was very little 

difference in yield between technologies I and III, 27.02 

and 30.88 cwt per manzana, respectively (Table 3.6). Labor 

also varied little between technologies I and III but level 

II surprisingly used almost 30 percent more labor.

In spite of the small difference in yield between 

traditional cultivation and technology III, farmers using 

purchased inputs were able to earn a respectable return of 

625 cordobas per manzana. There was no advantage for the 

traditional farmer to increase his use of purchased inputs 

though as he was earning almost twice as much as his 

neighbor who invested and risked more in his crop.

Technology Four

If the only objective in agricultural development 

were to increase production, the obvious choice would 

seem to be a shift from technology I to technology IV 

rather than technology III. For all crops except beans, 

yields nearly doubled. The problems with such a trans­

formation, however, are evident in the data. Labor require­

ments decline significantly in both sorghum and rice and 

rural income declines for each of the four crops. Such
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TABLE 3.7

ANALYSIS OF VARIANCE FOR YIELD, LABOR, AND NET INCOME 

BY TECHNOLOGY FOR CORN, SORGHUM, BEANS AND RICE

COEFFICIENT 
OF VARIATION Fv- VALUE

PROBABILITY

Beans Yield 51.66% 5.23 .002
Labor 43.0% .044 .997
Income 101.75% .484 .698

Corn Yield 50.68% 56.37 .0001
Labor 46.33% 4.42 .005
Income 690.77% 4.57 .004

Rice Yield 29.59% 23.37 .0001
Labor 46.66% 6.17 .0014
Income 85.35% 4.201 .0095

Sorghum Yield 54.10% 14.31 .0001
Labor 43.33% 7.139 .0004
Income -1126.06% 2.93 .037
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a shift would further impoverish the poor and add to an 

already badly skewed income distribution in the country.

The difference in the means of selected variables 

noted between the different technology levels were further 

analyzed to see if they were statistically significant. 

The variables for which it was felt that statistical dif­

ferences are necessary to justify the prediction of the 

model due to changes in technology are: labor days re­

quired per manzana, yield per manzana, and net income per 

manzana. The results of the test are presented in the 

analysis of variance (Table 3.7). There is a statisti­

cally significant difference between the values of the 

variables for most of the different technology levels.

Area by Technology and Crop

Having determined the yield, income, etc., per man­

zana for each crop by technology, the next step was the 

estimation of area in each crop by technology level. The 

National Census provides some assistance in this regard 

as it shows the percentage of all farms using fertilizer 

and insecticide:

37) These data are questioned by some persons knowledge­
able about Nicaraguan agriculture, because they are 
available for each year, not only census years. 
They are considered low estimates of actual input 
use.
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8% use fertilizer and insecticide

2.5% use fertilizer only 

14% use insecticide only 

These figures apply to all crops however, and do not 

define the percentage of area in each technology level for 

basic grains. A much higher percentage of farms producing 

export crops use modern inputs, therefore, only a very 

small percentage of basic grain farmers could be expected 

to be in technology II or III due to use of chemical in­

puts. The use of improved seed will result in more farmers 

being included in the higher technology levels, but this 

again, could only be a small percentage. The Ministry of 

Agriculture data indicate that a maximum of 16 percent of 

the corn area could be planted from the seed produced by 

the government and/or imported. The situation for the 

other grains is even worse. The addition of the seed 

data and the rate of chemical use provides the basis of 

one estimate of area by technology: a very low percentage 

of farmers use modern technology, and a very high percent­

age of the total area is planted by traditional farmers.

The UNASEC survey data provides additional assist­

ance in estimating the area by technology. The percentage 

of farms and area in each technology was computed from the 

sample (Table 3.8) but due to biases in the sampling pro­

cedure, these percentages could not be expanded directly 

to the national levels. The sample farms were selected



T
A
B
L
E
 
3.
8

E
S
T
I
M
A
T
I
O
N
 
OF
 
A
R
E
A
 
U
N
D
E
R
 
C
U
L
T
I
V
A
T
I
O
N

A
C
C
O
R
D
I
N
G
 T
O
 
T
E
C
H
N
O
L
O
G
Y
 
C
L
A
S
S
I
F
I
C
A
T
I
O
N

T
E
C
H
 
I

T
E
C
H
 
II

T
E
C
H
 
II
I

Co
rn
: 

%
 o
f 

F
a
r
m
s
 
in
 
S
a
m
p
l
e

4
0
%

2
0
%

2
3
%

%
 A
r
e
a
 
in
 
S
a
m
p
l
e

3
2
%

1
5
.
6
%

2
1
%

* 
E
s
t
i
m
a
t
e
d
 
b
y
 
a
u
t
h
o
r

6
0
%

1
5
%

1
5
%

Be
an
s:
 
%
 
F
a
r
m
s
 
in
 
S
a
m
p
l
e

3
7
%

4
2
%

1
7
.
7
%

%
 A
r
e
a
 
in
 
S
a
m
p
l
e

2
6
%

4
5
%

2 
5%

* 
E
s
t
i
m
a
t
e
d
 
fo
r 
m
o
d
e
l

6
7
%

1
5
%

1
5
%

So
rg
h
u
m
: %
 
of
 
F
a
r
m
s
 
in
 
Sa
mp
l
e

4
0
%

1
9
%

1
8
%

%
 A
r
e
a
 
in
 
S
a
m
p
l
e

2
9
%

1
6
%

1
4
%

' 
E
s
t
i
m
a
t
e
d
 
fo
r 
M
o
d
e
l

5
0
%

1
5
%

J 
5
%

Ri
ce
: 

%
 
of
 
Fa
rm
s 

in
 
S
a
m
p
l
e

2
7
%

3
0
%

1
7
%

%
 
of
 
M
a
n
z
a
n
a
s
 
in
 
S
a
m
p
l
e

7
%

5%
6
%

E
s
t
i
m
a
t
e
d
 
fo
r 
m
o
d
e
l

5
0
%

2
0
%

1
5
%

♦
E
s
t
i
m
a
t
e
s
 
w
e
r
e
 
c
h
e
c
k
e
d
 
in
 
an
 
i
n
t
e
r
v
i
e
w
 w
i
t
h
 
L
e
o
n
a
r
d
o
 
G
r
e
e
n
 
an
d 
W

of
 
t
h
e
 
N
i
c
a
r
a
g
u
a
n
 
M
i
n
i
s
t
r
y
 
of
 
A
g
r
i
c
u
l
t
u
r
e
 
on
 
F
e
b
r
u
a
r
y
 
15
, 

19
76
 
t

th
at
 
t
h
e
y
 w
e
r
e
 
a 
r
e
a
s
o
n
a
b
l
e
 
e
s
t
i
m
a
t
e
 
of
 
c
u
r
r
e
n
t
 
c
o
n
d
i
t
i
o
n
s
 
in
 
N
i



59

in such a way that the different levels of technology in 

each region would be represented. The percentage of farms 

using purchased inputs in the sample therefore, is greater 

than the percentage of farms in any given area that use 

these inputs. The effect of this is thus, an overestima­

tion of the area in technology III and underestimation of 

the area in technology I.

The true percentage of area in each technology level 

should lie somewhere between that estimated from census 

figures for purchased input use and the UNASEC sample data 

for percentage of area by technology. For the purpose of 

determining coefficients of area by technology in the model 

estimates were made between the expected minimum and maxi­

mum (Table 3.8). These estimates were checked with person­

nel from the Nicaraguan Ministry of Agriculture and found 

acceptable.
3 8 

Growth in Area Under Cultivation

The second set of estimates or assumptions that are 

required in the model is the rate of growth in land area 

for each of the crops. The rates of growth in area for 

1963 to 1975 are shown in Table 3.9. The 1971 to 1975 

figures are probably the least reliable and an overesti­

mation of the actual growth rate as 1971 data is from the

38) Interviews with Leonardo Green and Waldo Hooker 
February 8, 1976.
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TABLE 3.9

PERCENT CHANGE IN AREA PER YEAR

FOR THE FOUR FOOD CROPS

1963-711 3
1971-75

2
1974-75

ESTIMATE 
1975-80

Corn 1.73 4.85 6.5 3

Beans 3.35 6.08 -1.1 3

Sorghum 1.25 12.75 4.9 3

Rice 5.25 2.18 2.9 3

Average 4.7 3%

1. National Census Reports

2. Banco Nacional de Nicaragua (BNN)

3. BNN Annual Reports and National Census Reports
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Census reports and the 1975 figures are from the Central 

Bank reports. The estimated growth rate of three percent 

is the figure used in the simulation model in this study, 

but could be easily adjusted if one wished to assume a 

different growth rate for any or all of the crops.

Balance of Payments

The last set of relationships to be defined in the 

model is the relationship between foreign exchange costs 

and benefits and changing technology. The foreign ex­

change benefits are defined as the estimated world price 

times the change in output due to adoption of technology 

III on technology I farms. For this equation, the policy 

makers will have to make their best estimate of what the 

price will be over the range of time the model is to 

simulate. It may be more accurate to use two prices, one 

for the foreign exchange saved by substituting domestic 

production for what would have been imported and another 

lower price for the value of foreign exchange earned from 

exporting grain. But due to the range of error possible 

in estimating the world price, the attempt to estimate 

two prices probably would not provide any more realistic 

estimate of foreign exchange benefits so only one price 

is used in the model.

The foreign exchange costs of shifting technology 

is defined as the cost of importing all chemicals inputs
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and fuel requirements for increased mechanization and rep­

lacement of machinery used. For lack of any reliable data 

in the difference between what the farmer pays and what the 

foreign exchange costs are, the experiments with the model 

in this study are based on the assumption the foreign ex­

change costs equal one half the price the farmer pays.

These assumptions are sufficiently questionable that 

the predicted values for foreign exchange cost and benefit 

may be questioned, but the direction of the impact and the 

magnitude of the input/output ratios are considered suffi­

ciently reliable to be valuable in an evaluation of the 

proposed programs.

Validation of the Model

The model once developed was tested for its validity 

against the 1971 National Agricultural Census reports. The 

labor requirement projected by the model was considered 

reasonably close to the reported labor requirements for 

all crops except beans. For beans, it was decided to 

accept the coefficients and equations of the model. The 

Census reports are thought to overestimate the requirements 

of labor in production of beans in that the labor require­

ments on UNASEC sampled farms were lower in all regions 

and size categories than the national average recorded by

the Census.
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The ability of the model to mimick the real world in 

terms of production, unfortunately was less reliable than 

its ability to project labor requirements. In the case of 

corn it overestimated National Census figures for produc­

tion by approximately 20 percent. This is possibly par­

tially due to the failure of the UNASEC survey to include 

those farms with the lowest yields. The technology I 

farmers had an average yield of 14.6 which was not suffi­

ciently low to bring average yield for sample farms into 

line with the national yield of 15 hundredweight per man- 

zana reported in the Census. To the extent that this is 

true, the model may overestimate yield and income for 

traditional farmers. It is also possible that the Census 

data may underestimate production due to the difficulty of 

accounting for home consumption or other data gathering 

problems in less developed countries. In any case, the 

projections of the model are still valuable in that they 

provide a realistic estimate of changes due to implement­

ation of the proposed program. Also, the model if adjusted 

to account for the error factor of 1971 is still helpful 

in determining whether or not domestic production will be 

sufficient to meet consumption requirements.



CHAPTER IV

APPLICATION OF THE MODEL FOR CORN

This Chapter presents the results of the simulation 

model experiment for corn for a period of five years begin­

ning in 1975. The system's analysis of the corn production 

sector which has been reported in Chapter III forms the 

basis for the model. Prices are assumed constant in real 

terms over the time of the simulation runs and equal to 

those reported for 1975 except where noted. In those runs 

where a change in technology is indicated, the rate of 

change per year is equal to a shift of 10 percent of the 

total areas in corn production from traditional technology 

to technology III. It is assumed that the credit and tech­

nical assistance provided through the supervised credit 

program will be sufficiently successful as to make this 

shift in technology a reasonable expectation. The consump­

tion figures differ from all others in that they represent 

the entire country, rather than only the six regions inclu­

ded in the production analysis. The growth in consumption 

is estimated at approximately 4.5 percent per annum with 

39 three percent due to growth in population and 1.5 percent 

39) Population Reference Bureau, Inc., 1973 World 
Population Data Sheet,(Washington, D.C. 1973)

64
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due to increase in income.

The analysis of the corn subsector and experiments 

with the model for this subsector are probably more import­

ant than the analysis of the other three grain crops com­

bined. Corn is the most important crop accounting for 40 

percent of the total land in cultivation, 334,000 manzanas 

in 1975. It is also the staple of the diet accounting for 

approximately one-third of the daily caloric intake. In­

creases in yield for this important crop seem realistically 

possible if one compares Nicaraguan yields with those of 

other countries. Neighboring El Salvador yields are almost 

double those of Nicaragua, and U. S. yields are nearly six 

41 times as great. While yields in other countries were in­

creasing, Nicaragua corn yields not only did not increase 

42 but have actually declined since the early 1950's.

Production and Consumption

Aggregate production and consumption projections of 

the model for a period of five years are shown in Table 4.1.

40) Economic Research Service, USDA, The World Food 
Situation and Prospects to 1985, USDA Foreign Agri­
culture Economics Report No.98, pp.75-77. Income 
elasticity of demand in developing nations is re­
ported to range between .3 and .5. The change in GNP 
in Latin America was approximately 4.0 percent in the 
early 1970's. If income continues to grow at this 
rate, the demand for food will increase by 1.2 percent 
to 2.0 percent per year. 1.5 percent is used in this 
study as a moderate projection of increase in consump­
tion due to increase in income.

41) Food and Agriculture Organization Production Yearbook, 
Rome 1971, Vol. 25

42) Ibid, Production Yearbook, Various Years
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Year 1 represents 1975 with Year 2 through 5 showing what 

changes could be expected for various assumptions or poli­

cies over that period of time. If the increase in produc­

tion in the next five years is to come from a three percent 

yearly increase in land area only, then the present surplus 

of 53 thousand hundred weight of corn will be absorbed by 

the second year. By the fifth year, the deficit might be 

espected to reach 246.4 thousand hundred weight or almost 

five percent of the annual consumption requirement. If the 

area is assumed constant and additional increments of 10 

percent of the area are planted under technology III every 

year, then production will increase approximately five per­

cent per year. The current surplus may be expected to grow 

slowly reaching 136.3 thousand hundred weight by the end of 

the five years. These surpluses may fail to be realized 

though even if farmers shift technology and if climatic 

conditions are not similar to the year when the data were 

collected for this model. The surplus with a shift in 

technology would be at most 2.5 percent over estimated 

consumption and this would probably be insufficient to 

offset the shortages caused by even moderately unfavorable 

weather. If the area planted to corn continues to increase 

and the program is undertaken to bring about a concurrent 

shift in technology, then total production will increase 

by almost nine percent per year. This could lead to a

surplus of 836 thousand hundred weight by the end of five
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TABLE 4.1

CORN PRODUCTION AND CONSUMPTION

PROJECTIONS OF THE MODEL FOR FIVE YEARS

Year

Change in Total Production in 1000 cwt, due to;
Change in 
Area only

/o *
Change

Change in %
Tech only Change

Change in
Area & Tech

%
Change

1 5566.7 — 5566.7 5566.7 -

2 5733.7 3.0 5891.9 5.8 6068.7 9.0

3 5905.8 3.0 6217.1 5.5 6595.7 8.7

4 6082.9 3.0 6542.3 5.2 7148.9 8.4

5 6265.4 3.0 6867.4 5.0 7729.4 8.1

ESTIMATED SURPLUS (DEFICIT)
45

IN 1000 CWT.
ESTIMATED Change in Change in Change in Area

Year CONSUMPTIONJ Area only Tech only and Tech

1 4566.9 53.0 53.0 53

2 4772.4 (-13.9) 88.1 233.9

3 4987.2 (-85.9) 114.0 424.6

4 5211.6 (-163.3) 130.2 625.5

5 5446.1 (-246.4) 136.3 836.9

*The symbol % change represents "the annual percent change"

45) The Surplus (Deficit) is computed after adjusting 
the production estimate to account for the Caribbean 
Regions and error factors in the Central and Pacific 
Regions. See explanations in Chapter III, pp. 62-63,. 
and Appendix B, Table B.l.
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years. This surplus could be exported or larger portions 

could be diverted into animal feed for increased poultry 

and livestock production.

The recommendation of the model then for achieving 

an adequate domestic supply of corn in the short run is to 

implement a program to shift technology while encouraging 

a continued increase in area planted.

Employment

The effect of such a recommendation would also be 

favorable in terms of its impact on employment. Table 4.2 

shows that the shift in technology would generate an 

increase in labor required by 1.8 percent per year. This 

increase plus an estimated three percent increase due to 

increased area planted would result in growth in employment 

of 4.8 percent per year. Such a growth rate would contri­

bute to alleviating the employment problems that now exist 

and are likely to become worse in the future.

Income Effects

The income effect of changes in area and changes in 

technology are shown in Tables 4.3 and 4.4. The three

income accounts are defined as:
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431. Net Benefit = Yield x the Government support 

price - all costs

442. Farmers' Income = Gross Income - all costs 

except the labor supplied by 

the farmer and his family

3. Rural Income = Farmers' Income, plus wages paid 

for hired labor

TABLE 4.2

PROJECTED LABOR REQUIREMENTS FOR CORN PRODUCTION 

IN MAN YEARS

Year
If Area 
Changes

%
Change

If Tech 
Changes

%
Change

If Area and 
Tech Change

%
Change

1 37917 — 37917 — 37916.5 *

2 39054 3.0 38605 1.8 39763.2 4.9*

3 40226 3.0 39264 1.8 41686.5 4.8

4 41432 3.0 39982 1.8 43689.5 4.8

5 42675 3.0 40671 1.7 45775.1 4.8

* Percentage changes may not sum due to rounding.

43) All income changes are due entirely to the differences 
in income per manzana between the various technology 
levels and changes in income due to changes in the 
number of manzanas planted. Chtenges in supply are 
assumed to have no effect on price as prices are 
determined by Government support price levels.

44) Farmers' income is roughly equivalent to net cash 
income if one assumes that all small farmers pay 
for the cost of land through either cash or share 
rent.
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TABLE 4.3 

CHANGES IN PROJECTED INCOME FROM CORN PRODUCTION 

FOR FIVE YEARS IN C$1000 

(1975 PRICES)

NET BENEFIT
If Area % If Tech % If Area and %

Year Changes Change Changes Change Tech Change Change

1 23028 — 23028 — 23028 —

2 23718 3% 16469 -28.5 16962 -26%

3 24430 3% 9910 -39.8 10513 -38%

4 25163 3% 3350 -66.2 3660 -65%

5 25918 3% -3209 _**** -3611 -199%

SMALL FARMERS' INCOME

Year
If Area % If Tech
Changes Change Changes

%
Change

If Area and %
Tech Change Change

1 39940 — — 39940 — 39940 — —

2 42238 3% 34619 -13.3 35657 -11%

3 42372 3% 29297 -15.4 31080 -13%

4 43644 3% 23975 -18.2 26197 -16%

5 44953 3% 18653 -22.2 20993 -20%

RURAL INCOME

Year
If Area 
Changes

%
Change

If Tech 
Changes

%
Change

If Area and 
Tech Change

O//O
Change

1 127931 — 127931 — 127931 —

2 131769 3% 126767 -0.9 130570 2.1%

3 135722 3% 125683 -0.9 133252 2.1%

4 139793 3% 12440 -0.9 135978 2.0%

5 143987 3% 123276 -0.9 138747 2.0%
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TABLE 4.4 

CHANGES IN PROJECTED INCOME FROM CORN PRODUCTION 

FOR FIVE YEARS IN C$1000

(1975 PRICES EXCEPT FERTILIZER REDUCED BY 1/3)

NET BENEFIT
—

Year
If Area 
Changes

/o
Change

If Tech 
Changes

O//O 
Change

If Area & 
Tech Change

/o
Change

1 34556 — 34556 — 34556 —

2 35592 3 31115 -10.0 32049 -07.3

3 36660 3 27675 -11.1 29360 -08.4

4 37759 3 24235 -12.4 26481 -9.8

5 38892 3 20794 -14.2 23404 -11.6

SMALL FARMERS' INCOME

Year
If Area 
Changes

%
Change

If Tech 
Changes

%
Change

If Area & 
Tech Change

/O
Change

1 46939 — 46939 — 46939 —

2 48347 3 44736 -4.7 44078 -1.8

3 49798 3 42532 -4.9 45122 -2.1

4 51292 3 40329 -5.2 44068 -2.3

5 52830 3 38126 -5.5 42910 - 2 .6

RURAL INCOME

Year
If Area 
Changes

O//O 
Change

If Tech 
Changes

%
Change

If Area & 
Tech Change

%
Change

1 134930 3 134930 — 134930 —

2 138977 3 136884 1.4 140991 4.5

3 143147 3 138839 1.4 147295 4.5

4 147441 3 140794 1.4 153849 4.5

5 151864 3 142749 1.4 160665 4.4
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Unfortunately, the shift in technology that had a 

favorable impact on both production and employment could 

have a negative effect on incomes of small farmers who are 

expected to work harder and risk more in the final implement­

ation of the programs.

If 1975 input/output price ratios hold, aggregate 

"net income" from corn production will decline by 28 per­

cent if 10 percent of the farms shift technology with no 

increase in area. As additional farms shift in succeeding 

years, the net income continues to decline. Even if area 

is increased simultaneously with a shift in technology the 

aggregate "net income" would decline by 26 percent the first 

year and continue to decline in succeeding years.

In order to examine more precisely the "income effect 

in the rural sector" as specified in the objectives of this 

study, two other measures of income were included in the 

model.

The effect on small farmers income is not as bad as 

the effect on "net income" as the small farmer does not 

actually pay for family labor. When unpaid labor is deleted 

from production cost, the returns to the farmer are greater 

than net income by the value of that labor. Even with this 

change in income accounting, the reduction in income per 

manzana for those shifting their technology has a signifi­

cant negative effect on the incomes of small farmers as a 

whole. If technology is shifted on 10 percent of the area
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planted, small farmers income is reduced by 13.3 percent in 

the second year and continues to decline as more farmers 

shift. If area increases as technology changes, the total 

effect on small farmers incomes is still negative.

Rural income level - Small Farmers' Income plus paid 

labor - also declines as technology is shifted with the use 

of purchased inputs. The negative effect though is consi­

derably less amounting to a decline of only 0.9 percent 

each year. If area continues to increase at the estimated 

rate of three percent, then the combined effect is an in­

crease in rural income from corn production by 2.1 percent 

per year. There is however, little consolation though in 

this as returns per unit area, and per manday decline. Per 

capita income also declines as the population continues to 

grow at three percent.

As stated earlier, the above income effects were made 

assuming prices constant as reported in 1975. These prices 

were measured when fertilizer prices were at their peak and 

it is reported that fertilizer prices have since dropped by 

one-third from that level. Table 4.4 show the income 

effects if fertilizer prices are reduced and all other 

prices remain constant at the level of 1975. This change 

in prices has a positive effect on all income measurements, 

yet the effects of shifting to technology level III and the

use of purchased inputs still has negative effects on 

income. Net benefit in this case declines by 10 to 14



74

percent if area increases concurrently with technology shifts. 

Farmers income declines by approximately five percent per 

year due to the shift in technology.

Rural income does increase though under the assumption 

of reduced fertilizer prices. If the technology employed 

changes while area is held constant, rural income should 

increase by approximately 1.4 percent per year. If area 

in production increases as the technology changes, then 

rural income should increase by 4.5 percent per year. This 

rate of growth should be sufficient to contribute to an 

increase in per capita income in rural areas as population 

grows at three percent. Unfortunately, with these input/ 

output prices the farmers who use the new technology would 

still suffer a loss in income and the program probably could 

not be sustained after the third or fourth year. Available 

cash (credit) and promises of higher incomes may get farmers 

into the program and keep them in the program for two or 

three years, but they would eventually realize that their 

debts were increasing faster than their incomes and be 

forced to revert to traditional agriculture.

Balance of Payments

The foreign exchange costs and benefits of shifting 

from traditional technology to level III are shown in Table 

4.5. As was pointed out in Chapter III, these projections 

are not intended to show the exact cost to the last dollar 

or last one thousand dollars but only the magnitude and the
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TABLE 4.5 

BALANCE OF PAYMENTS EFFECT OF CHANGES IN TECHNOLOGY 

IN CORN PRODUCTION IN U.S. DOLLARS

CHANGE IN PROD.* 
DUE TO CHANGE

IN TECH
YEAR

$ VALUE OF
CHANGE IN 
PRODUCTION

$ VALUE OF 
CHANGE IN 
CHEMICAL 
ENERGY COST

NET BALANCE 
OF PAYMENTS 
EFFECT

1 — —

2 334925 1346400 833941 512458

3 344975 1386801 858962 527838

4 355321 1428393 884729 543663

5 365983 1471253 911270 559982

CHANGE IN PROD.* $ VALUE OF $ VALUE OF NET BALANCE
DUE TO CHANGE CHANGE IN CHANGE IN OF PAYMENTS

IN TECH PRODUCTION CHEMICAL EFFECT
YEAR ENERGY COST

1 — —

2 334925 1346400 604481 741918

3 344975 1386801 622617 764183

4 3 5 53 21 1428393 641295 787097

5 365983 1471253 660633 810719

* Changes in production are measured in hundredweight.
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ratio of the net benefit to foreign exchange cost.

With 1975 prices, the ratio of net foreign exchange 

earnings (and/or savings) to foreign exchange cost of im­

ported modern inputs is approximately .61. For every $100 

spent for imported inputs the increased value of production 

is approximately $161. If the price assumption are valid 

a program to assist farmers in using these inputs would 

contribute approximately $500,000 to the national balance 

of payments position for every 30,000 manzanas (10 percent 

of Nicaruaguan corn area) brought into the program.

If one assumes the lower price for fertilizer, then 

this position is further improved. The ratio of net foreign 

exchange earnings to input costs is 1.22 or for every $100 

spent for imported inputs the added value of production 

equals approximately $222. The program to assist farmers 

in using purchased inputs would contribute approximately 

$750,000 to the national balance of payments position for 

every 30,000 manzanas brought into the program. Thus the 

balance of payments effects as measured by the model pro­

vides further justification for shifting production tech­

nology on small farms with the use of imported chemical 

and energy inputs.

Summary

The increased use of purchased inputs will have the

hypothesized effect on three of the four aspects of the
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economy under consideration. If the simulation model and 

the assumptions contained therein are valid, then a shift 

from traditional production practices to technology III 

as defined in Chapter III will:

1. increase production of corn

2. increase labor required in the production process

3. improve the balance of payments situation

of Nicaragua

Unfortunately, such a shift will result in lower 

incomes for the small farmers who were the intended benefi­

ciaries from such a change. Even if fertilizer prices are 

reduced by one-third of the reported price in 1975, the 

small farmers income is still lower if they use modern in­

puts than if they followed traditional technology. Given 

this situation, the policy makers seem to have three options. 

The first and probably least desirable is to do nothing and 

face increasing domestic food shortages. The second option 

is to control input/output price ratios for corn production 

so that small farmers can increase their production and in­

come by using more purchased inputs. And the third option 

is to invest in research to identify a better package of 

technology that can be offered to the farmers. The second 

option can provide much quicker results as it can be imple­

mented faster than the third option. The third option,

research, takes longer to achieve results but will probably
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be required in the long run as land area under cultivation 

cannot be expected to increase indefinitely.



CHAPTER V

APPLICATION OF THE MODEL FOR BEANS

This Chapter presents the result of the simulation 

model experiments for bean production in Nicaragua for a 

period of five years beginning with 1975 as the base year. 

The production and consumption estimates are presented 

first and then followed by employment, income, and balance 

of payment estimates. In those table where a change in 

technology is indicated, the change is an annual transfer 

from level I technology to level III technology for 10 

percent of the total area in bean production. This shift 

represents the expected results of credit and technical 

assistance provided through a supervised credit program. 

Where a change in area is indicated, it represents an in­

crease in area planted of three percent per year.

Beans are planted on 37 percent of all farms in 

Nicaragua, second only to corn. As a food crop they are 

an important source of protein in the daily diet. Immediate 

increases in production of this crop are important as 

Nicaraguan production was 146,000 hundred weight or 14 

percent short of the amount consumed in 1975. It is hoped 

that the necessary increases in production can be achieved 

at least partially through increased yields. More intensive 

production methods along with new varieties are considered

79
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45 by some to be able to triple production.

Production and Consumption 

_  . . . 46The aggregate production and consumption estimates 

for a period of five years beginning in 1975 are shown in 

Table 5.1. If there is no change in technology and area 

planted increases at the rate of three percent, then con­

sumption will continue to lead production and the current 

deficit will increase. If there is no change in area and 

farmers do shift technology, production does increase, but 

the rate of increased production is insufficient to keep 

up with consumption much less overcome the current deficit.

If area increases as farmers shift technology, the 

rate of increase in production is approximately 6.8 percent 

per year. With this rate of increase, the gap between con­

sumption and production begins to narrow but there is still 

a deficit at the end of the five-year simulation period. 

If the Government of Nicaragua hopes to overcome the deficit 

between production and consumption in the short run, area 

planted will have to increase at a faster rate and/or pro­

duction per manzana will have to increase faster than was 

possible in the model. Area in cultivation, however, cannot

45) Swenson, Walter, "Cost of Production Analysis of Major 
Food Crops in Nicaragua. (Unpublished Master's Thesis 
University of Missouri-Columbia, 1974), p.76.

46) Consumption estimates are computed for beans in the 
same manner they were computed for corn. See Chapter 
IV, p.
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TABLE 5.1

BEAN PRODUCTION AND CONSUMPTION 

PROJECTIONS OF THE MODEL FOR FIVE YEARS

Year

Change in Total Production in 1000 cwt. due to:

Change in % Change in %
Area only Chance Tech only Chance

Change in %
Area & Tech Change

1 625.2 - 625.2 625.2

2 643.2 3.0 648.5 3.7 668.0 6.8

3 663.3 3.0 671.9 3.6 712.8 6.7

4 683.2 3.0 695.2 3.5 759.7 6.6

5 703.6 3.0 718.5 3.4 808.7 6.5

ESTIMATED SURPLUS (DEFICIT) IN 1000 CWT.*
ESTIMATED Change in Change in Change in

Year CONSUMPTION Area only Tech only Area & Tech

1 1136.0 (-149.7) (-149.7) (-149.7)

2 1187.1 (-171.3) (-173.5) (-143.1)

3 1240.6 (-194.2) (-199.7) (-136.3)

4 1296.4 (-218.6) (-228.2) (-129.1)

5 1354.7 (-244.6) (-259.2) (-121.7)

* The Surplus (Deficit) is computed after adjusting the 
production estimate to account for the Caribbean Regions 
and error factors in the Central and Pacific Regions. 
See explanations in Chapter III, pp. 62-63 and Appendix 
B, Table B. 1.
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continue to increase indefinitely. Only through increases 

in yield will the effective demand be met. It is apparent 

from these projections that researchers must continue to 

develop the technology that will provide increasing yields 

if shortages of this basic commodity are to be avoided.

Employment

Due to the fact that there was no statistically sig­

nificant difference between the amount of labor used under 

the different technology levels, the projected effects of 

changing technology on employment can not be considered

47 statistically significant. For purposes of comparison 

with other crops though, Table 5.2 shows the simulated 

employment levels under various conditions.

TABLE 5.2

PR O JEC TED  LABOR REQUIREM ENTS FOR BEAN PRODUCTION

IN MAN YEARS

Year
If Area 
Changes

O//O 
Change

If Tech 
Changes

O//O 
Change

If Area and 
Tech Change

%
Change

1 9435.2 — 943 5 — 9435.2 —

2 9718.2 3.0 9492 .6 9776.3 3.6

3 10009.8 3.0 9548 .6 10129.3 3.6

4 10310.1 3.0 9604 .6 10494.8 3.6

5 10619.4 3.0 9661 .6 10873.0 3.6

47) The statistical test are noted in Chapter III, Table 3.2



83

Income Effects

The income effects of changes in area and technology 

are shown in Tables 5.3 and 5.4. Table 5.3 shows the ex­

pected incomes from bean production assuming 1975 prices 

constant for the five-year period. Changes in either area 

or technology will contribute positively to net incomes 

from bean production. If only area changes, income changes 

are directly proportioned to changes in area. If only tech­

nology changes, then the net benefit from bean production 

increases at a rate of 1.4 percent per year.

Small farmers' income and rural income also increase 

as farmers shift from traditional technology to level III 

technology with increased use of purchased inputs. The 

rate of change in these two income measures is only slightly 

different than the rate of change in net income for bean 

production. This was not unexpected for bean production 

as there is little, if any, change in labor requirements 

between the different technologies and labor costs are the 

primary difference between net income and rural income.

The results in Table 5.4 with fertilizer prices 

reduced by 33 percent from 1975 price levels are very simi­

lar to the results noted above. Net income is three percent 

higher in the initial year and grows at a faster rate. With 

reduced fertilizer prices, income grows approximately 2.5 

percent per year due to technology shifts as opposed to a 

growth rate of 1.4 percent at 1975 prices. At the end of
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TABLE 5 .3

CHANGES IN  PROJECTED INCOME FROM BEAN PRODUCTION 
FOR FIVE YEARS IN C $1000 

(1975  PRICES)

Y e a r

NET BENEFIT
I f  A re a 
C h a n g e s

%
C h an g e

I f  T e c h 
C h an g es

/Oo/
C han g e

I f  A re a  a n d 
T e c h  C hange

% 
C han g e

1 4 2 5 8 6 .1 — 4 2 5 8 6 .1 — 4 2 5 8 6 .1 —

2 4 3 6 8 3 .7 3 .0 4 3 1 8 2 .5 1 .4 4 4 4 7 7 .9 4 .4

3 4 5 1 7 9 .6 3 .0 4 3 7 7 8 .8 1 .4 4 6 4 4 4 .9 4 .4

4 4 6 5 3 5 .0 3 .0 4 4 3 7 5 .2 1 .4 4 8 4 8 9 .9 4 . 4

5 4 7 9 3 1 .0 3 .0 4 4 9 7 1 .5 1 .3 5 0 6 1 5 .8 4 .4

FARMERS' INCOME

Y e a r
I f  A re a 
C h a n g e s

%
C han g e

I f  T e c h 
C h a n g e s

%
C h an g e

I f  A re a  a n d 
T e c h  C hange

/Oo/
C han g e

1 4 6 5 1 2 .0 4 6 5 1 2 .0 — 4 6 5 1 2 .0 —

2 4 7 9 0 7 .4 3 .0 4 6 9 8 6 .4 1 .0 4 8 3 9 6 .0 4 . 1

3 4 9 3 4 4 .6 3 .0 4 7 4 6 0 .8 1 .0 5 0 3 5 1 .1 5 .0

4 5 0 8 2 4 .9 3 .0 4 7 9 3 5 .2 1 .0 5 2 3 8 0 .0 4 .0

5 5 2 3 5 .0 3 .0 4 8 4 0 9 .5 1 .0 5 4 4 8 5 .3 4 .0

RURAL INCOME

Y e a r
I f  A re a 
C h a n g e s

/o
C h an g e

I f  T e c h 
C h a n g e s

%
C h an g e

I f  A re a  a n d 
T e c h  C han g e

%
C han g e

1 6 7 9 6 6 .1 — 6 7 9 6 6 .1 — 6 7 9 6 6 .1 —

2 7 0 0 0 5 .0 3 .0 6 8 9 4 0 .8 1 .4 7 1 0 0 9 .0 4 . 5

3 7 2 1 0 5 .1 3 .0 6 9 9 1 5 .5 1 .4 7 4 1 7 3 .3 4 .5

4 7 4 2 6 8 .2 3 .0 7 0 8 9 0 .2 1 .4 7 7 4 6 3 .5 4 .4

5 7 6 4 9 6 .3 3 .0 7 1 8 6 4 .8 1 .4 8 0 8 8 4 .4 4 .4



85
TABLE 5 .4

CHANGES IN  PROJECTED INCOME FROM BEAN PRODUCTION 

FOR FIVE YEARS IN C $1000

(1 9 7 5  PRICES EXCEPT FERTILIZER REDUCED BY 1 /3 )

Y e a r

NET BENEFIT
I f  A re a 
C h an g e s

/Oo/
C han g e

I f  T e c h 
C h an g e s

/oO/ 
C han g e

I f  A re a  an d 
T e c h  C hange

%
C han g e

1 4 3 8 3 0 .2 — 4 3 8 3 0 .2 — 4 3 8 3 0 .2 —

2 4 5 1 4 5 .1 3 .0 4 4 9 0 4 .6 2 .5 4 6 2 5 1 .8 5 .5

3 4 6 4 9 9 .4 3 .0 4 5 9 7 9 .1 2 .4 4 8 7 7 9 .2 5 .5

4 4 7 8 9 4 .4 3 .0 4 7 0 5 3 .6 2 .3 5 1 4 1 6 .6 5 .4

5 4 9 3 3 1 .2 3 .0 4 2 1 2 8 .0 2 .3 5 4 1 6 8 .4 5 .4

SMALL FARMERS' INCOME

Y e a r
I f  A re a 
C h a n g e s

/OO/ 
C h an g e

I f  T e c h
C h a n g e s

/OO/ 
C hange

I f  A re a  a n d 
T e c h  C hange

%
C han g e

1 4 7 5 9 4 .9 — 4 7 5 9 4 .9 — 4 7 5 9 4 .9 —

2 4 9 0 2 2 .8 3 .0 4 8 5 4 7 .2 2 .0 5 0 0 0 3 .6 5 .1

3 5 0 4 9 3 .4 3 .0 4 9 4 9 9 .5 2 .0 5 2 5 1 3 .9 5 .0

4 5 2 0 0 8 .2 3 .0 5 0 4 5 1 .7 1 .9 5 5 1 2 9 .9 5 .0

5 5 3 5 6 8 .5 3 .0 5 1 4 0 4 .0 1 .9 5 7 8 5 5 .5 4 .9

RURAL INCOME

Y e a r
I f  A re a 
C h an g e s

/OO/ 
C h an g e

I f  T e c h 
C h an g e s

/oO/ 
C han g e

I f  A re a  a n d 
T e c h  C hange

%
C han g e

1 6 9 0 4 9 .0 — 6 9 0 4 9 .0 — 6 9 0 4 9 .0 —

2 7 1 1 2 0 .4 3 .0 7 0 5 0 1 .6 2 .1 7 2 6 1 6 .6 5 .2

3 7 3 2 5 4 .0 3 .0 7 1 9 5 4 .1 2 .1 7 6 3 3 6 .1 5 .1

4 7 5 4 5 1 .6 3 .0 7 3 4 0 6 .7 2 .0 8 0 2 1 3 .4 5 .1

5 7 7 7 1 5 .1 3 .0 7 4 8 5 9 .3 2 .0 8 4 2 5 4 .7 5 .0
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five years, net income is seven percent greater with lower 

fertilizer prices. The fertilizer price effect on rural 

incomes is not as great since reduction in fertilizer prices 

has little effect on labor earnings.

It is fortunate though that the income effects of 

changing technology in bean production are different from 

those found in corn production. Whereas, changing techno­

logy in corn was good for the country (increased production) 

and bad for the farmer (lower incomes), changing technology 

in bean production is good for both the country and the 

farmers who shift technology.

Balance of Payments

The simulated foreign exchange costs and benefits of 

changing technology are shown in Table 5.5. The actual 

dollar amounts shown in the table are only a rough estimate. 

These estimates are based on the assumptions that foreign 

exchange costs equal one-half of the farmers' costs for 

chemicals and petroleum-based energy and foreign exchange 

benefits equal the increase in production times an assumed 

price of $16.57 per hundred weight.

If the above assumptions are reasonably valid, then 

shifting technology has a positive balance of payments 

effect under 1975 price conditions. The ratio of net

foreign exchange earnings to foreign exchange cost is 

approximately 2.0 or for every $100 dollars spent for
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imported inputs the foreign exchange value of increased pro­

duction is approximately $300 leaving a net of $200. Under 

these conditions every 10 percent of the bean land that is 

converted from traditional to modern technology would 

contribute an increment of almost $250,000 to the countries' 

balance of payments position.

If one assumes that fertilizer prices have declined 

by one-third from their peak in 1975, then the net balance 

of payments effect of changing technology is further im­

proved. The ratio of net earnings to cost is 3.2 to one 

or for every additional $100 of inputs imported and used, 

output would increase by approximately $420. A change in 

technology on 10 percent of the bean land would add nearly 

$320,000 to the countries balance of payments position.

Summary

A program to increase the use of purchased inputs 

would have the hypothesized effect on three of the four 

output variables being considered. If the assumption 

contained in the model are valid than a shift in technology 

will:

1. increase production

2. increase small farmers' incomes and rural income

3. improve the balance of payments position of 

Nicaragua
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TABLE 5 . 5

BALANCE OF PAYMENTS EFFECT OF CHANGES IN  TECHNOLOGY

IN  BEAN PRODUCTION IN  U . S .  DOLLARS

1 9 7 5  PR IC E S

YEAR

CHANGE IN  PROD. 
DUE TO CHANGE 

IN  TECH

$ VALUE OF 
CHANGE IN 
PRODUCTION

$ VALUE OF 
CHANGE IN 
CHEMICAL 
ENERGY COST

NET BALANCE 
OF PAYMENTS 

EFFECT

1 — — — -

2 2 4 0 3 7 .0 4 3 9 8 2 9 3 .8 0 1 2 9 6 2 6 .6 0 2 6 8 6 6 7 .1 0

3 2 4 7 5 7 .9 9 4 1 0 2 4 0 .0 0 1 3 3 5 1 5 .5 0 2 7 6 7 2 4 .5 0

4 2 5 5 0 0 .7 0 4 2 2 5 4 6 .8 0 1 3 7 5 2 0 .6 0 2 8 5 0 2 6 .1 0

5 2 6 2 6 5 .8 2 4 3 5 2 2 4 .8 0 1 4 1 6 4 6 .3 0 2 9 3 5 7 8 .5 0

F E R T IL IZ E R  P R IC E S REDUCED BY 1 / 3

CHANGE IN  PROD. $ VALUE OF $ VALUE OF NET BALANCE
DUE TO CHANGE CHANGE IN CHANGE IN OF PAYMENTS

IN  TECH PRODUCTION CHEMICAL EFFECT
YEAR ENERGY COST

1 — — —

2 2 4 0 3 7 .0 4 3 9 8 2 9 3 .8 0 9 4 4 5 2 .1 9 3 0 3 8 4 1 .6 0

3 2 4 7 5 7 .9 9 4 1 0 2 4 0 .0 0 9 7 2 8 5 .5 0 3 1 2 9 5 4 .5 0

4 2 5 5 0 0 .7 0 4 2 2 5 4 6 .8 0 1 0 0 2 0 3 .8 0 3 2 2 3 4 2 .9 0

5 2 6 2 6 5 .8 2 4 3 5 2 2 4 .8 0 1 0 3 2 1 0 .1 0 3 3 2 0 1 4 .7 0
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The hypothesized increase in labor will not be 

achieved by adoption of more modern technology but 

neither will there be a reduction in labor required 

per manzana caused by the change in technology.

Given the price ratios included in the model, it is 

reasonable to conclude that implementation of the proposed 

program will have the significant and positive effects 

desired. In addition to changing the technology used 

though, it is recommended that farmers be encouraged to 

increase the area planted to beans at a rate faster than 

the three percent rate hypothesized in the model. This 

is one way in the absence of markedly improved varieties 

that the country can achieve self-sufficiency in this 

important source of protein. Small farmers and rural 

laborers would also gain more from an increase in area 

planted to beans as the amount of labor required and the 

farmers 1 income per manzana from bean production are

greater than they are for corn.



CHAPTER VI

APPLICATION OF THE MODEL FOR GRAIN SORGHUM

This Chapter presents the results of the simulation 

model experiments for grain sorghum production in Nicaragua. 

Year 1 represents 1975, the base year. The simulated 

effects on production of changing area planted and techno­

logy are presented first. Following the production esti­

mates are employment, income, and balance of payments 

projections. In those tables where a change in technology 

is indicated, the change is an annual shift from level I 

technology to level III technology for 10 percent of the 

total area in bean production each year. This shift 

represents the expected results of additional credit and 

technical assistance provided through a supervised credit 

program. Where a change in area is indicated it represents 

an increase in area planted of three percent per year.

Grain sorghum, while an important for Nicaraguan 

agriculture and small farmers in many ways, is only a 

secondary crop. It is planted only about 15 percent of 

the farms in Nicaragua and accounts for a total area of 

83,000 manzanas. It is used as both a feed grain and food 

grain. As a food grain, it is consumed only as a last 

resort as rice or corn is preferred. The strengths of 

grain sorghum are primarily found in its agronomic charac-

90
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teristics. Even if yields and value are both low, the 

ability of grain sorghum to withstand a wide-range of 

adverse climatic conditions allows the farmer to produce 

some crop when he could not have produced anything else. 

It is the hope of the government that production can be 

increased to meet a growing demand and to provide an 

increased source of income for small farmers.

Production Estimates

Given the various technologies identified in the 

sector analysis of Nicaraguan agriculture, there exist 

the potential for significant increases in production of 

grain sorghum. Table 6.1 shows the production possibili­

ties projected by the model. With production increases 

of three percent per year due to increase in area only, the 

deficit of 110,000 hundredweight of 1975 will increase to 

214,000 hundredweight by the end of five years. If area 

and technology both change simultaneously, however, produc­

tion will increase by approximately nine percent per year. 

With this rate of increase in production, and consumption 

. . 48increasing at the rate of 4.5 percent annually, consump­

tion can be completely supplied by domestic production in 

four years.

48) Consumption for grain sorghum is computed in the 
same manner as corn. See Chapter IV p. 65.
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TABLE 6.1

GRAIN SORGHUM PRODUCTION AND CONSUMPTION

PROJECTIONS OF THE MODEL FOR FIVE YEARS

Year

Change in Total Production in 1000 cwt. due to:

Change in 
Area only

%  Change in
Change Tech only

%
Change

Change in 
Area & Tech

%
Change

1 1119.4 1119.4 — 1119.4 —

2 1153.0 3.0 1185.3 5.9 1220.9 9.1

3 1187.6 3.0 1251.2 5.6 1327.4 8.7

4 1223.2 3.0 1317.1 5.3 1439.2 8.4

5 1257.9 3.0 1383.0 5.0 1556.6 8.2

ESTIMATED SURPLUS (DEFICIT)IN 1000 CWT,*
ESTIMATED Change in Change in Change in Area

Year CONSUMPTION Area only Tech only and Tech

1 1344.0 (-110.7) (-110.7) (-110.7)

2 1404.5 (-134.2) (-113.2) ( -74.5)

3 1467.7 (-159.3) (- 118.5) ( -36.3)

4 1535.7 (-186.1) (-126.5) 39.6

5 1602.7 (-214.7) (-137.6) 46.3

* The Surplus (Deficit) is computed after adjusting the 
production estimate to account for the Caribbean Regions 
and error factors in the Central and Pacific Regions.
See explanations in Chapter III, pp. 62-63, and Appendix 
B, Table B. 1.



93

Employment

The effects of changes in technology and/or area in 

sorghum production are shown in Table 6.2. The labor re­

quired per manzana for technology III has already been 

shown to be 67 percent greater than the labor requirement 

for traditional technology (Table 3. 5 ). In terms of total 

labor required this translates into a growth in employment 

of 6.7 percent in year two with 10 percent of the farms 

shifting from level I to level III technology. In succeed­

ing year the rate of growth declines slightly. If both area 

and technology changes are effected simultaneously, then 

the labor requirement increases in the average by over nine 

percent per year. If this rate of increase in employment 

could be generated without having negative effects on other 

variables, changing technology in sorghum production would 

definitely be advantageous.

TABLE 6.2 

PROJECTED LABOR REQUIREMENTS FOR GRAIN SORGHUM 

PRODUCTION IN MAN YEARS

Year
If Area 
Changes

o //o

Change
If Tech 
Changes

%
Change

If Area and 
Tech Change

O/ /O

Change

1 8077.4 — 8077 — 8077.4 —

2 8319.8 3.0 8618 6.7 8876.2 9.9

3 8569.4 3.0 9258 6.3 9715.6 9.5

4 8826.4 3.0 9698 5.9 10597.4 9.1

5 9091.2 3.0 10238 5.6 11523 .4 8.7
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Income Effects

Unfortunately, under 1975 input/output price conditions 

the only small farmers who had positive net benefit from 

sorghum production were those who followed traditional 

practices (Table 3.5). The aggregate net benefit from 

sorghum production estimated by the model is negative in 

the base year and continues to get worse as area increases 

or more farms are shifted to a higher technology level 

(Table 6.3). The small farmers' income account was small 

but positive in the base year and become negative in the 

succeeding years. This is because the income of traditional 

farmers was positive and sufficient to offset the losses 

of farmers with more intensive use of purchased inputs. As 

more farmers change technology, the aggregate income of 

small farmers declines and becomes negative in the third 

year. Rural income is positive for all three of the tech­

nology levels available to small farmers but one-third lower 

for technology III as compared to technology I. The effect 

of a national program to shift from level I to level III 

technology would reduce rural income by 4.5 to 5.2 percent 

per year in spite of the increased labor requirement noted 

earlier. Shifting technology is therefore unacceptable if 

1975 price ratios remain constant.

The effect of changes in technology on income if 

fertilizer prices were reduced by one-third iis shown in

Table 6.4. The reduction in fertilizer costs reduces the
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TABLE 6 .3

CHANGES IN PROJECTED INCOME FROM GRAIN SORGHUM PRODUCTION

FOR FIVE YEARS IN C $1000 
(1 9 7 5  PRICES)

Y e a r

NET BENEFIT
I f  A re a 
C h a n g e s

%
C h an g e

I f  T e c h 
C h an g e s

%
C han g e

I f  A re a  an d 
T e c h  C han g e

%
C han g e

1 - 2 0 1 3 .6 — — - 2 0 1 3 .6 — — - 2 0 1 3 .6 — —

2 - 2 0 7 4 .0 3 .0 - 5 2 9 1 .1 1 6 2 .8 - 5 4 4 9 .9 1 7 0 .7

3 - 2 1 3 6 .1 3 .0 - 8 5 6 8 .7 6 1 .9 - 9 0 9 0 .5 6 6 .8

4 - 2 2 0 0 .3 3 .0 - 1 1 8 4 6 .3 3 8 .3 - 1 2 9 4 4 .8 4 2 .4

5 - 2 2 6 6 .3 3 .0 - 1 5 1 2 3 .9 2 7 .7 - 1 7 0 2 2 .0 3 1 .5

FARMERS' INCOME

Y e a r
I f  A re a 
C h an g e s

%
C han g e

I f  T e c h 
C h an g e s

/O
C h an g e

I f  A re a  a n d 
T e c h  C hange

%
C hange

1 3 7 4 7 .3 — *» 3 7 4 7 .3 — — 3 7 4 7 .3

2 3 8 5 0 .7 3 .0 5 3 0 .5 - 8 5 . 8 5 4 6 .4 - 8 5 . 4

3 3 9 7 5 .5 3 .0 - 2 6 8 6 .3 - 6 0 6 .4 - 2 8 4 9 .9 6 2 1 .6

4 4 0 9 4 .8 3 .0 - 5 9 0 3 .1 1 1 9 .7 - 6 4 5 0 .5 1 2 6 .3

5 4 2 1 7 .6 3 .0 - 9 1 1 9 .9 5 4 .5 - 1 0 2 6 4 .5 5 9 .1

RURAL INCOME

Y e a r
I f  A re a 
C h a n g e s

O/O/
C han g e

I f  T e c h 
C h a n g e s

%
C han g e

I f  A re a  a n d 
T e c h  C hange

/O
C hange

1 1 9 1 1 1 .6 — — 1 9 1 1 1 .6 — — 1 9 1 1 1 .6 —

2 1 9 6 8 4 .9 3 .0 1 8 2 2 5 .2 - 4 . 5 1 8 8 0 2 .8 - 1 . 6

3 2 0 2 7 5 .5 3 .0 1 7 3 9 8 .8 - 4 . 7 1 8 4 5 8 .4 - 1 . 8

4 2 0 8 8 3 .7 3 .0 1 6 5 4 2 .4 - 4 . 9 1 8 0 7 6 .4 - 2 . 1

5 2 1 5 1 0 .2 3 .0 1 5 6 8 6 .1 - 5 . 2 1 7 6 5 4 .8 - 2 . 3
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TABLE 6.4

CHANGES IN PROJECTED INCOME FROM GRAIN SORGHUM PRODUCTION 

FOR FIVE YEARS IN C$1000

(1975 PRICES EXCEPT FERTILIZER REDUCED BY 1/3)

Year

NET BENEFIT
If Area 
Changes

%
Change

If Tech 
Changes

%
Change

If Area and 
Tech Change

O//o
Change

1 136.7 —— 136.7 — — 136.7 — —

2 140.8 3.0 -2515.6 — **** -2591.5 _****

3 150.0 3.0 -5168.0 105.4 -5482.6 111.6

4 149.3 3.0 -7820.2 51.3 -8545.3 55.9

5 153.8 3.0 -10472.5 33 .9 -11786.8 37.9

SMALL FARMERS' INCOME

Year
If Area 
Changes

%
Change

If Tech 
Changes

%
Change

If Area and 
Tech Change

%
Change

1 4999.1 — — 4999.1 — — 4999.1 — —

2 5249.1 3.0 2497.6 -51.8 2479.8 -50.4

3 5303.5 3.0 -183.9 -107.6 -195.1 -107.9

4 5462.3 3.0 -2775.4 _*** -3032.8 1454.2

5 5626.5 3.0 -5367.0 _ ★ ★ ★ -6040.4 -99.2

RURAL INCOME

Year
If Area 
Changes

%
Change

If Tech 
Changes

%
Change

If Area and 
Tech Change

%
Change

1 20363.3 — 20363.3 — 20363.3 —

2 20974.2 3.0 20132.3 -1.1 20736.2 1.8

3 21603.6 3.0 19901.2 -1.1 21113.2 1.8

4 22251.6 3.0 19670.1 -1.2 21494.0 1.8

5 22919.1 3.0 19439.0 -1.2 21878.7 1.8
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loss for technology III net incomes and small farmers' in­

come accounts. Yet both remain negative. Rural income 

for technology III is increased but still lower than rural 

income from technology I production. The negative effect 

of changing technology under these price conditions is not 

as great as it was for 1975 prices but the effect on small 

farmers' incomes is still disastrous.

Balance of Payments

The simulated foreign exchange costs and benefits of 

changing technology are shown in Table 6.5. The actual 

dollar amounts shown in the table are only a rough esti­

mate. These estimates are based on the assumption that 

the foreign exchange costs of higher technology equal one- 

half of the farmers' costs for chemicals and mechanization 

and foreign exchange benefits equal the increase in pro­

diction times an assumed price of $3.62 per hundredweight.

If the above assumption are reasonably valid, then 

shifting technology has a positive effect on Nicaragua's 

balance of payments position. Under 1975 price conditions, 

the ratio of net foreign exchange earnings to foreign ex­

change costs is approximately .58. For every $100 spent for 

imported inputs the foreign exchange value of increased pro­

duction is approximately $158 leaving a net of $58. If one 

assumes that 10 percent of the sorghum land will be conver­

ted to technology III then sorghum production will contri-
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TABLE 6 . 5 

BALANCE OF PAYMENTS EFFECT OF CHANGES IN  TECHNOLOGY 

IN  GRAIN SORGHUM PRODUCTION IN  U .S .  DOLLARS

1 9 7 5  P R IC E S

CHANGE IN  PROD. $ VALUE OF $ VALUE OF NET BALANCE
DUE TO CHANGE CHANGE IN CHANGE IN OF PAYMENTS

IN  TECH PRODUCTION CHEMICAL EFFECT
YEAR ENERGY COST

1 — — —— — — —

2 6 7 8 6 5 . 8 1 2 4 5 6 7 4 .1 0 1 5 5 2 3 1 .5 0 9 0 4 4 2 .6 3

3 6 9 9 0 1 .3 8 2 5 3 0 4 2 .9 0 1 5 9 8 8 8 .3 0 9 3 1 5 4 .5 6

4 7 1 9 9 8 .5 0 2 6 0 6 3 4 .5 0 1 6 4 6 8 5 .0 0 9 5 9 4 9 .5 0

5 7 4 1 5 6 .8 1 2 6 8 4 4 7 .6 0 1 6 9 6 2 4 .3 0 9 8 8 2 3 .2 5

F E R T IL IZ E R  PR IC ES1 REDUCED BY 1 / 3

CHANGE IN  PROD. $ VALUE OF $ VALUE OF NET BALANCE
DUE TO CHANGE CHANGE IN CHANGE IN OF PAYMENTS

IN  TECH PRODUCTION CHEMICAL EFFECT
YEAR ENERGY COST

1 — — — —

2 6 7 8 6 5 .8 1 2 4 5 6 7 4 .1 0 1 0 9 2 2 7 .8 0 1 3 6 4 4 6 .3 0

3 6 9 9 0 1 .3 8 2 5 3 0 4 2 .9 0 1 1 2 5 0 4 .6 0 1 4 0 5 3 8 .3 0

4 7 1 9 9 8 .5 0 2 6 0 6 3 4 .5 0 1 1 5 8 7 9 .5 0 1 4 4 7 5 4 .9 0

5 7 4 1 5 6 .8 1 2 6 8 4 4 7 .6 0 1 1 9 3 5 4 .3 0 1 4 9 0 9 3 .2 0
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bute an additional $90,000 to the balance of payments posi­

tion each year.

If one assumes that fertilizer prices have declined 

by one-third from their peak in 1975, then the net balance 

of payments effect of changing technology is further im­

proved. The ratio of net earnings to costs in this case is 

1.25. Under these price conditions shifting 10 percent 

of the sorghum land from technology I to technology III 

every year will contribute an additional $130,000 to $140,000 

to the Nicaraguan balance of payments position.

Summary

A program to increase the use of purchased inputs 

would have the hypothesized effect on three of the four 

output variables being considered. If the assumptions of 

the model are valid then the shift in technology specified 

will:

1. increase production

2. increase labor employed in sorghum production

3. improve the balance of payments position of 

Nicaragua

The effect ofi net income and small farmers' income 

will not only be negative but will result in actual deficits 

for small farmers. This is true whether one assumes the

1975 price ratios or the more favorable price ratios that
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would exist if fertilizer prices are significantly reduced. 

Given this situation, it seems unlikely that production, 

labor, or incomes can be affected by changes in technology.

Given the technology available and price ratios that 

are likely to prevail, it would be a disservice to anyone 

to finance small farmers for more intensive production of 

grain sorghum via the use of purchased inputs. The only 

role available for sorghum production, and possibly a 

very good one, is as an alternate crop under tradition 

cultivation. For the subsistence farmer, it will probably 

remain in his best interest, to produce sorghum when no 

other crop is reasonably feasible.



CHAPTER VII

APPLICATION OF THE MODEL FOR UPLAND RICE

Upland rice is the least important of the four grain 

crops to small farmers. It was planted on only 5.9 percent 

of the farms accounting for a total area of only 19,000 man- 

zanas in 1971. Rice is becoming an important food grain 

though as area planted and yields increase, especially for 

paddy rice. Consumption and exportation of rice has 

increased as production has increased.

Most of the increase has had little effect on small 

farmers as paddy rice production is concentrated on a few 

large farms. About 97 percent of all paddy rice was pro­

duced on farms larger than 100 manzanas. Production of 

paddy rice will probably continue to be concentrated on 

large farms as the cost of land development and other forms 

of capital investment required are considered beyond the 

reach of the small farmer. The one advantage the small 

farmers have gained from the increase in production is a 

relatively high support price level that is maintained par­

tially through the political influence of large rice farmers.

As the focus of this study is on small farmers and 

not food production in general, the sector on rice production 

refers only to upland rice. This chapter presents the 

results of the simulation model experiments for upland rice

101
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production. Year one data are estimates of the conditions 

prevailing in 1975 and serve as a base year for comparison 

with various changes in area and technology that might be 

induced. In the tables where a change in technology is 

indicated, the change is an annual transfer from level I 

technology to level III technology for 10 percent of the 

total area in upland rice production. This shift represents 

the expected results of credit and technical assistance 

provided through a supervised credit program. Where a 

change in area is indicated, it represents an increase in 

area planted of three percent per year.

Production and Consumption

In this Chapter on rice, there is no attempt made to 

compare production with expected consumption over the range 

of years the model simulates, because upland rice provides 

only a relatively small portion of the total rice supply. 

Only the changes in total production of upland rice are 

considered.

The effect of shifting a greater percentage of total 

area each year to higher technology will be to increase 

production each year in increments of approximately 8,500 

cwt of rough rice (Table 7.1). This would represent an 

increase in production of only 1.2 percent due to changes 

in technology. If one assumes that the area planted also

increases as farmers shift technology, the production will
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increase at a rate of approximately 4.3 percent per year. 

This is a relatively slow rate of increase in comparison 

to the other three crops studied where increases of 6.8-9.3 

percent per year were expected. Thus, changing technology 

will have a small but positive effect on total production.

TABLE 7.1

UPLAND RICE PRODUCTION 

PROJECTIONS OF THE MODEL FOR FIVE YEARS

Year

Change in Total Production in 1000 cwt. due to:
Change in 
Area only

O//o 
Change

Change in 
Tech only

%
Change

Change
Area &

in
Tech

O//O
Change

1 627.8 — 627.8 — 627.8 —

2 646.7 3.0 635.8 1.3 659.9 4.3

3 666.1 3.0 643.8 1.3 683.0 4.3

4 686.1 3.0 651.8 1.2 712.2 4.3

5 706.7 3.0 659.8 1.2 742.6 4.3

Employment

The contribution of changing technology in rice pro­

duction to relieving unemployment problems is also positive 

but small (Table 7.2). If area remains constant and farmers 

are induced to shift to a higher technology, employment in 

rice production may be expected to increase at a rate of 

only 0.3 percent per year. If an additional 40 percent of 

the area is planted to technology III instead of technology 

I after a period of four years, it would probably generate
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only 65 to 70 additional manyears of employment in the fifth 

year.

TABLE 7.2

PROJECTED LABOR REQUIREMENTS FOR UPLAND RICE PRODUCTION 

IN MAN YEARS

Year
If Area 
Changes

O//O 
Change

If Tech 
Changes

%
Change

If Area and 
Tech Change

O//O 
Change

1 5489.4 — 5489 — 5489.4 —

2 5654.1 3.0 5506 .3 5651.5 3.3

3 5823.7 3.0 5523 .3 5859.5 3.3

4 5998.4 3.0 5540 .3 6053.7 3.3

5 6178.3 3 .0 5557 .3 6254.3 3.3

Income Effects

The effects of changes in area and/or technology on 

net benefits are shown in Table 7.3. Farmers' incomes, 

and rural income accounts for rice are defined the same as 

they are for the other grain crops where:

1. Ndb Benefit = Yield x Government support price 

(Gross Income) - all costs

2. Farmers' Income= Gross Income - all costs except 

labor supplied by the farmer 

and his family

3. Rural Income = Farmers’ Income, plus wages paid 

for hired labor
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In all income accounts the price of rice is held constant 

at C$145.00 per cwt which was the official price in 1975. 

Changes in supply are assumed to have no effect on this 

price as it is an administered price set by the national 

government.

If one assumes 1975 input/output prices constant over 

the time period of the simulation run, then changes in tech­

nology with no change in area will have a negative effect 

on net income, small farmers' income, and rural income 

(Table 7.3) . Net benefit declines by 4.8 percent between 

the base year and year two and continues to decline through 

the fifth year. The small farmers' income is the worst 

affected by changes in technology as this account declines 

by 5.9 percent between year one and year two and continues 

to decline over the five-year period. The percentage dec­

line in rural income is only 3.8 percent but the amount of 

decrease is almost the same as small farmers' incomes. 

Rural laborers retain their income at almost the same level 

as mandays of labor and wages remain constant. The reduc­

tion in farmers' income noted above has sufficient negative 

effect on rural income to cause a reduction of 3.8 percent 

in the first year and a continuing decline throughout the 

period simulated.

This decline in income does not mean that farmers are 

losing money. On the contrary, the farmers in technology 

III have a net income of over C$588 per manzana. The



106

negative effect is caused by the fact that the increase in 

production costs for purchased inputs is much higher than 

the increased value of the added production.

If one prefers to reject the assumption that 1975 

prices will be maintained throughout the five-year range 

of the simulation model and assume lower input costs by 

reducing the price of fertilizer by one-third, the results 

are shown in Table 7.4. Changing technology with no change 

in area planted still has a negative effect on net income 

from rice production. If planted area increases at an 

annual rate of three percent at the same time farmers shift 

from technology I to III then the effects of these two 

changes are opposite and nearly equal. With a change in 

both area and technology Table 7.4 shows a change in net 

income of 0.1 percent to-0.2 percent.

The more favorable price ratio is also insufficient 

to make it profitable in terms of small farmers' income or 

rural income to induce a shift in technology. If technology 

changes, small farmers' incomes decline by 3.6 percent to 

4.1 percent per year. Rural income likewise declines by 

2.5 percent to 2.7 percent per year.

From this analysis, it seems one must reject the hypo­

thesis that increased use of purchased inputs in rice produc­

tion will increase the income of small farmers. The only way 

that technology III could ever compete with technology I 

would be if the inputs were practically given to the farmers. 

An unlikely occurrence.
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TABLE 7 .3
CHANGES IN PROJECTED INCOME FROM UPLAND RICE PRODUCTION 

FOR FIVE YEARS IN C $100 
(1 9 7 5  PRICES)

Y e a r

NET BENEFIT
I f  A re a 
C h a n g e s

%
C h an g e

I f  T e c h 
C h an g e s

%
C han g e

I f  A re  and 
T e c h  C hange

/o
C hange

1 1 8 9 4 4 .9 - 1 8 9 4 4 .9 — 1 8 9 4 4 .9 —

2 1 9 5 1 3 .2 3 .0 1 8 0 2 9 .9 - 4 . 8 1 8 5 7 0 .8 - 2 . 0

3 2 0 0 9 8 .6 3 .0 1 7 1 1 5 .0 - 5 . 1 1 8 1 5 7 .2 - 2 . 2

4 2 0 7 0 1 .6 3 .0 1 6 2 0 0 .0 - 5 . 3 1 7 7 0 2 .2 - 2 . 5

5 2 1 3 2 2 .6 3 .0 1 5 2 8 5 .1 - 5 . 6 17203 .4 - 2 . 8

FARMERS' INCOME

Y e a r
I f  A re a 
C h a n g e s

%
C h an g e

I f  T e c h 
C h a n g e s

%
C han g e

I f  A re a  a n d 
T e c h  C hange

%
C hange

1 1 6 0 7 1 .3 — 1 6 0 7 1 .3 — 1 6 0 7 1 .3 —

2 1 6 5 5 3 .5 3 .0 1 5 1 2 4 .7 - 5 . 9 1 5 5 7 8 .4 - 3 . 1

3 1 7 0 5 0 .1 3 .0 1 4 1 7 8 .1 - 6 . 3 1 5 0 4 1 .5 - 3 . 4

4 1 7 5 6 1 .6 3 .0 1 3 2 3 1 .4 - 6 . 7 1 4 4 5 8 .3 - 3 . 9

5 1 8 0 8 8 .4 3 .0 1 2 2 8 4 .8 - 7 . 2 1 3 8 2 6 .6 - 4 . 4

RURAL INCOME

Y e a r
I f  A re a 
C h a n g e s

%
C h an g e

I f  T e c h 
C h an g e s

%
C han g e

I f  A re a  a n d 
T e c h  C hange

/O
C hange

1 2 7 6 4 9 .3 — 2 7 6 4 9 .3 — 2 7 6 4 9 .3 -

2 2 8 4 7 8 .7 3 .0 2 6 6 1 1 .8 - 3 . 8 2 7 4 1 0 .1 - 0 . 9

3 2 9 3 3 3 .1 3 .0 2 5 5 7 4 .3 - 3 . 9 2 7 1 3 1 .8 - 1 . 0

4 3 0 2 1 3 .1 3 .0 2 4 5 3 6 .8 - 4 . 1 2 6 8 1 2 .0 - 1 . 2

5 3 1 1 1 9 .4 3 .0 2 3 4 9 9 .3 - 4 . 2 2 6 4 4 8 .7 - 1 . 4
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TABLE 7.4

CHANGES IN PROJECTED INCOME FROM UPLAND RICE PRODUCTION 

FOR FIVE YEARS IN C$100

(1975 PRICES EXCEPT FERTILIZER REDUCED BY 1/3)

NET BENEFIT
———— — —

Year
If Area 
Changes

%
Change

If Tech 
Changes

%
Change

If Area and 
Tech Change

%
Change

1 20430.3 — 20430.3 — 20430.3 —

2 21043.2 3.0 19849.7 -2.8 20445.2 0.1

3 21674.5 3.0 19269.1 -2.9 20442.5 0.0

4 22324.8 3.0 18688.4 -3.0 20321.3 -0.1

5 22994.5 3.0 18107. -3.1 20380.5 -0.2

SMALL FARMERS' INCOME

Year
If Area 
Changes

%
Change

If Tech 
Changes

O//O 
Change

If Area and 
Tech Change

O//O 
Change

1 16920.5 — 16920.5 — 16920.5 —

2 17428.1 3.0 16308.2 -3.6 16797.4 -0.7

3 17950.0 3.0 15696.9 -3 .8 16651.7 -0.9

4 18489.4 3.0 15083.6 -3 .9 16482.2 -1.0

5 19044.1 3.0 14471.2 -4.1 16287.5 -1.2

RURAL INCOME

Year
If Area 
Changes

%
Change

If Tech 
Changes

/O/O 
Change

If Area and 
Tech Change

O//O 
Change

1 28498.4 — 28498.4 — 28498.4 —

2 29353,3 3.0 27795.2 -2.5 28629.1 +0.5

3 30233.9 3.0 27092.1 -2.5 28742.0 +0.4

4 31140.9 3.0 26388.9 -2.6 28835.8 +0.3

5 32075.1 3.0 25685.8 -2.7 28909.5 +0.3
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Balance of Payments

The foreign exchange costs and benefits of shifting 

from traditional technology to level III technology are 

shown in Table 7.5. The actual dollar amounts shown in 

the table are not intended to be exact as was pointed out 

in Chapter III but are rough estimates of what might be 

expected. These estimates are based on the assumption that 

foreign exchange costs equal one-half of the farmers' costs 

(converted to U.S. dollar) for chemicals and petroleum-based 

energy. Foreign exchange benefits equal the increase in 

production times a price of U.S.$7.00 per cwt.

If the above assumption are reasonably valid, then 

shifting technology has a negative effect on the balance of 

payment position. The ratio of net foreign exchange earnings 

to foreign exchange cost for imported inputs is approximately 

-.3 percent. For every $100 spent for imported purchased 

inputs for upland rice production the increased value of 

production is approximately $63 leaving a deficit of $37. 

Every additional 10 percent of the land that purchased inputs 

are applied to at the technology III level cost the country 

of Nicaragua $35,000 dollars in foreign exchange.

If one were willing to accept the assumption that 

fertilizer prices in the model should be lower than those 

reported in January 1975 by one-third then the effect of 

changing technology on the balance of payments is improved. 

The ratio of foreign exchange earnings to cost under these
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1 9 7 5  P R IC E S

TABLE 7 . 5 

BALANCE OF PAYMENTS EFFECT OF CHANGES IN  TECHNOLOGY 

IN  UPLAND R IC E  PRODUCTION IN  U . S .  DOLLARS

YEAR

CHANGE IN  PROD.
DUE TO CHANGE 

IN  TECH

$ VALUE OF 
CHANGE IN 
PRODUCTION

$ VALUE OF 
CHANGE IN 
CHEMICAL 
ENERGY COST

NET BALANCE 
OF PAYMENTS 

EFFECT

1 — —

2 8 2 2 6 .0 7 5 5 9 3 7 .2 8 9 1 0 4 9 .5 0 - 3 5 1 1 2 . 2 2

3 8 4 7 2 .7 3 5 7 6 1 4 .5 9 9 3 7 8 0 .8 1 - 3 6 1 6 6 . 2 2

4 8 7 2 7 .0 2 5 9 3 4 3 .7 3 9 6 5 9 4 .1 9 - 3 7 2 5 0 . 4 5

5 8 9 8 9 . 0 5 6 1 1 2 5 .5 7 9 9 4 9 2 .1 9 - 3 8 3 6 5 . 6 2

F E R T IL IZ E R  P R IC E S  REDUCED BY 1 / 3 ___________

CHANGE IN  PROD. $ VALUE OF $ VALUE OF NET BALANCE
DUE TO CHANGE CHANGE IN CHANGE IN OF PAYMENTS

IN  TECH PRODUCTION CHEMICAL EFFECT
YEAR ENERGY COST

1 — — — —

2 8 2 2 6 .0 7 5 5 9 3 7 .2 8 6 6 4 5 2 .8 8 - 1 0 5 1 5 . 6 0

3 8 4 7 2 .7 3 5 7 6 1 4 .5 9 6 8 4 4 6 .3 8 - 1 0 8 3 1 . 7 8

4 8 7 2 7 .0 2 5 9 3 4 3 .7 3 7 0 4 4 9 .6 3 - 1 1 1 5 5 . 8 9

5 8 9 8 9 .0 2 6 1 1 2 5 .5 7 7 2 6 1 4 .7 5 - 1 1 4 8 9 . 1 8
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price conditions is -.16, or for every $100 spent for inputs 

the added value of production is approximately $84 leaving a 

deficit of $16. Every additional 10 percent of the total 

riceland that purchased inputs are applied to at the tech­

nology III level cost the country an addition of $11,000 in 

balance of payments deficit.

In the case of rice production, the effect of shifting 

technology on the balance of payments position of Nicaragua 

serves as one more argument for traditional technology in 

upland rice production.

Summary

The increased use of purchased inputs can not be con­

sidered to have a significant positive effect on any of the 

four aspects of the economy under consideration. The effect 

of shifting technology did have a positive effect on produc­

tion and employment, yet in both cases the projected effect 

was so small that it would be essentially unnoticeable.

The effect of changing technology on income was nega­

tive for all income accounts and both sets of prices. This

does not mean, however, that small farmers should not grow

upland rice. The potential income from upland rice production 

by using traditional or technology I practices was as high 

or higher than the potential income from any other crop.

The balance of payments effects of changing technology
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in rice production were negative for both price assumptions. 

This may seem striking in light of the fact that rice is an 

export crop in Nicaragua but one must remember that this 

analysis applies only to upland rice. Paddy rice may look 

and taste the same but the technology and costs and returns 

are markedly different. What is true or false for upland 

rice may be the opposite for paddy rice.

In conclusion, it seems that a farmer who has suffi­

cient rainfall can make a reasonably good income per manzana 

from upland rice production if he follows a level I techno­

logy and support pricasremain at their high levels of 1975. 

This will be good not only for the farmer but also for the 

rural labor force as rice requires as much as, or more labor 

than any other crop. Providing credit and assistance in 

using purchased inputs on upland rice would be a disservice 

to all involved unless an alternate technology or method of 

production is discovered.



CHAPTER VIII

SUMMARY AND CONCLUSION

This study was concerned with the potential effects 

of changing technology and increasing the use of purchased 

inputs in the production of basic grains in Nicaragua. 

The effects were measured by a simulation model developed 

specifically for this study. The crops considered were 

corn, beans, grain sorghum, and upland rice. This con­

cluding Chapter will summarize some important features of 

the method, the sources of information included in the 

model, and the simulated result for each crop. An eval­

uation of the projections of the model is presented with 

policy alternatives that should be considered in an agri­

cultural development program for Nicaragua. The Chapter 

is concluded with recommendations for improvement in the 

simulation model and recommendations for further research.

Summary

The objective of this study was to examine the pos­

sible impacts of changing technology and increasing the 

use of purchased inputs in the production of basic food 

grains by small farmers. A simple simulation model that 

used available production and price data was used to 

project the results of changing technology. The impact

113
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was measured in terms of the effect of changing technology 

for each grain on: 1) Total production of each of the 

basic grains, 2) Income in the rural sector, 3) Employment 

in agriculture, and 4) The balance of payments position of 

Nicaragua.

The simulation model was chosen because of its ability 

to examine the effects of any given policy or program on a 

number of objectives. This approach was seen as a non­

optimizing, flexible method in which relevant data and 

relationships could be incorporated without creating se­

vere computational problems. The model used in this study 

is relatively simple in comparison to other simulation 

models used in agricultural development policy analysis. 

It is deterministic in nature and leaves stochastic con­

siderations up to the users of the model. It does, how­

ever, allow the user of the model to examine the possible 

effects of a given policy before that policy is implemented. 

What the model lacks in sophistication hopefully is compen­

sated by clarity of the assumptions involved and the mini­

mal cost of using such a model to evaluate available data.

The data used in the construction of this model was 

derived from four sources. The national agricultural 

survey conducted by UNASEC provided the data that were 

used to disaggregate the farms into four technology levels 

for each crop. The input/output ratios were then computed

from these data for each level of technology. The input/
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output price ratios were based on data collected by Philip 

Warnken and the UNASEC staff in January of 1975. These 

prices were adjusted in some of the computer runs to ref­

lect a 33 percent reduction in fertilizer prices since 

January 1975. The National Agricultural Census data were 

used to determine the total area in each crop by technology 

level and as a check on the model to insure that it could 

mimick the real world in estimating production and employ­

ment figures for the basic grains. The Annual Reports of 

the Central Bank of Nicaragua were used to estimate consump­

tion levels of the four grains and the rate of increase in 

land for each of the four crops.

The system's analysis of the basic grains sector 

relies heavily on An Analysis of Agricultural Production 

in Nicaragua by Philip Warnken and Walter Swenson and de­

tailed studies of costs and returns for each of the crops 

49 by Robert Finley. The systems synthesis and model for­

mulation were based on the assumption that annual shifts 

from technology level I to technology level III on 10 

percent of the area in production for each crop could be 

induced by a supervised credit program. It was further 

assumed that the farmers new to technology III would have

49) Robert F. Finlay, "Analysis of Maize (Bean, Upland 
Rice, and Grain Sorghum) Production in Nicaragua: 
A Detailed Study of Costs and Returns." (Unpublished 
report for USAID/Nicaragua, 1974).
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similar input/output ratios to those farms in technology

III when the UNASEC survey was conducted.

The model was tested by comparing generated output 

for total employment and production with historical data 

from the Census and Central Bank reports. The employment 

data of the model were found to be similar to historical 

data. There was considerable difference, however, between 

the total production estimates of the model and historical 

data. In order to compare expected production with con­

sumption over the time the model simulated, the production 

data were adjusted in the model to account for the discre­

pancy between Census data and the extrapolations from the 

UNASEC data. This adjustment allows for a rough estimation 

of possible surpluses or shortages for the four basic 

grains. If the model were to be used in an actual policy 

making situations however, the production data should be 

reexamined and the formulas for estimating production 

should be recomputed to improve the accuracy of the model.

In the input/output analysis of each crop by tech­

nology, yields were found to be significantly greater for 

technology level III than technology level I (Table 8.1). 

The labor requirement per manzana is also greater for 

technology III than technology I but the difference is 

relatively small for beans and upland rice. The number 

of mandays labor used per manzana under technology III 

was greatest for rice followed by sorghum, beans, and
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TABLE 8.1

YIELDS PER MANZANA FOR THE FOUR BASIC 

GRAINS BY TECHNOLOGY IN HUNDREDWEIGHT

TECH I TECH II TECH III TECH IV

Corn 14.68 16.62 26.16 44.28

Beans 9.89 13.19 14.08 16.93

Grain Sorghum 14.42 12.81 25.50 29.34

Upland Rice 27.02 25.84 30.88 46.89

TABLE 8.2

LABOR REQUIREMENTS* PER MANZANA 

FOR THE FOUR BASIC GRAINS BY TECHNOLOGY

TECH I TECH II TECH III TECH IV

Corn 32.81 40.21 39.13 32.17

Beans 43.51 44.24 46.14 44.53

Grain Sorghum 35.15 33.41 58.77 19.57

Upland Rice 17.13 93.93 73.25 24.27

* Labor requirement measured in 8-hour mandays.
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corn (Table 8.2).

For the corn, sorghum, and rice, both farmers' income 

and rural income per manzana is lower under technology level 

III than level I (Table 8.3). Only in bean production, how­

ever, was farmers' income and rural income greater under 

technology level III than level I given 1975 input/output 

price ratios. The greatest income per manzana was generated 

by upland rice under traditional technology. The lowest 

income per manzana was from the production of grain sorghum 

under technology level III. Following technology level III 

in sorghum production, resulted in an actual loss of C$319 

per manzana for the farmer and contributed only C$270 per 

manzana to rural income (Table 8.3 and Table 8.4).

If fertilizer prices are reduced by 33 percent, the 

income levels for technology III all increase with no 

change in income for technology I as no fertilizers are 

used. But, except for beans again, the income per manzana 

is greater for technology level I than technology level III.

Simulation Results

The model having been synthesized, checked, adjusted, 

and validated, was run to simulate a period of five years 

beginning with 1975 as a base year. It was run for three 

different sets of assumptions using 1975 price data. In 

the first run area was changed and technology remained 

constant. This provided an estimate of what would happen
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TABLE 8.3

SMALL FARMERS* INCOME PER MANZANA

FOR THE FOUR BASIC GRAINS BY TECHNOLOGY*

* Income measured in Cordobas US$1 = C$7.00

TECH I TECH II TECH III

Corn 232.10
(232.10)**

-32.56
(22.06)

44.21
(154.31)

Beans 820.53
(820.53)

996.54
(1040.36)

905.70
(991.54)

Grain Sorghum 221.94
(221.94)

-0.70
(32.88)

-319.00
(203.48)

Upland Rice 1082.83
(1082.83)

707.59
(791.60)

625.32
(830.35)

** Number in parenthesis are income per manzana if 
fertilizer prices are reduced by 33 percent from 
January 1975 levels.
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TABLE 8.4

RURAL INCOME PER MANZANA FOR THE 

FOUR BASIC GRAINS BY TECHNOLOGY*

* Income measured in Cordobas; C$1.00 = US$7.00

** Numbers in parenthesis are income per manzana 
if fertilizer prices are reduced by 1/3 from 
January 1975 levels.

TECH I TECH II TECH III TECH IV

Corn 684.19
(889.19)**

313.97
(368.59)

443.10
(553.20)

475.78
(475.78)

Beans 1183.00 
(1183.00)

1393.00
(1436.82)

1158.00
(1243.84)

500.77
(500.77)

Grain Sorghum 414.77
(414.73)

189.15
(222.73)

270.76
(376.28)

225.05 
(225.05)

Upland Rice 1726.92
(1726.92)

7212.62 
(1301.63)

1225.50 
(1387.08)

303.25
(305.25)
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if current programs and policies in Nicaragua remain con­

stant. In the second run technology changed and area 

remained constant to examine the effects of changing tech­

nology isolated from any change in area. In the third run 

area in production, increased each year and technology was 

changed. The model was then run for each of the sets of 

assumptions above with fertilizer prices reduced by 33 

percent from 1975 levels. These prices were used in the 

model because fertilizer prices on the world market have 

declined. This type of price change in the model is also 

useful in examining the possible effects of price controls 

or subsidizing inputs on the incomes of those farmers who 

would use the same inputs at either price.

The effects of changing technology on total produc­

tion of each of the crops is shown on Table 8.5. As was 

hypothesized, changing technology will increase total 

production. Corn and grain sorghum output increase by 

almost six percent per year due to change in technology 

only. Bean and rice production increase at a slower rate. 

The amount of labor required in the production of basic 

grains also increase for all four crops as was hypothesized 

but the rate of increase due to change in technology for 

beans and rice is very small; .6 and .3 percent, respect­

ively.

The effect of changing technology on small farmers' 

income and rural income is mixed. Only in the case of
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TABLE 8.5

PROJECTED RATE OF GROWTH* IN PRODUCTION, EMPLOYMENT, 

SMALL FARMERS’ INCOME, AND RURAL INCOME FOR THE FOUR 

BASIC GRAIN CROPS WITH CHANGE IN AREA AND/OR

* Rate of change expressed as a percent of the base year.

** Figures not in parenthesis indicate rate of growth in 
income accounts if 1975 price ratios are constant for 
the simulation period. Numbers in parenthesis are 
rates of growth if fertilizer prices are reduced by 
1/3.

TECHNOLOGY CHANGES

Change Change Change
Area only Tech only Area & Tech

C orn:
Production 3.0 5.8 8.8
Employment 3.0 1.8 4.8
Farmers' Income 3.0 -13.0(-4.7)** -11.0 (-■1.8)
Rural Income 3.0 -0.9(1.4 ) 2.1( 4.5)

Beans:
Production 3.0 3.7 6.8
Employment 3 .0 .6 3.6
Farmers' Income 3.0(3.0) 1.0 (2.0) 4.0 ( 5.1)
Rural Income 3.0(3.0) 1.4(2.1) 4.5( 5.2)

Grain Sorghum:
Production 3.0 5.9 9.0
Employment 3.0 6.7 9.8
Fanners' Income 3.0(3.0) -85.0(-51 ) -82.0( -50)
Rural Income 3.0(3.0) -4.5 (-1.1) -1.6(1-.8)

Upland Rice:
Production 3.0 1.3 4.3
Employment 3.0 .3 3.3
Farmers' Income 3.0(3.0) -5.9(-3.6) -3.0(- 0.7)
Rural Income 3.0(3.0) -3.8(-2.5) -0.9 ( .5)
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beans did both income accounts increase due to changing 

technology under both price conditions included in the 

model. In the case of corn, changing technology has a 

negative effect on both small farmers' income and rural 

income accounts under 1975 price conditions. If ferti­

lizer prices are reduced though, changing technology has 

a negative effect on small farmers' income but a positive 

effect on rural income. Based on the model and available 

prices, the hypothesized positive effect on income cannot 

be shown.

In grain sorghum, the effect of changing technology 

on income is clearly negative. The drastic decline in 

income of 50 to 85 percent exaggerates the magnitude of 

the effect because the aggregate income in the base year 

was very low. This results in a very large percentage 

change in following years. In the case of rice, the 

effect of changing technology is also negative. Even 

with the more favorable price conditions, farmers' income 

and rural income decline by 3.6 and 2.5 percent, respect­

ively, due to changing technology. The hypothesized 

increase in income due to changing technology cannot be 

shown.

The balance of payments position of Nicaragua is 

improved by shifting technology in the production of 

corn, beans, and grain sorghum (Table 8.6). The actual 

amount of foreign exchange earned from shifting techno-
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TABLE 8.6

RAT10*OF NET FOREIGN EXCHANGE EARNINGS TO FOREIGN

* This Ration= (FEBENB “ FECOST)/ FECOST

FEBENE = The foreign exchange value of added 
production due to change in technology.

FECOST = The foreign exhhange costs of the 
additional imported inputs used in 
the higher technology level.

For further explanation see pages 74,75.

EXCHANGE COST FOR IMPORTED PURCHASED INPUTS IF

TECHNOLOGY CHANGES FROM LEVEL I TO LEVEL III

1975 Prices

1975 Prices Except 
Fertilizer Reduced 

by 1/3

Corn .61 1.22

Bearfe 2.0 3.2

Grain Sorghum .58 1.25

Upland Rice -.30 -.16
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logy may differ from the model projection due to changes 

in input and output prices but the ratios shown in Table 

8.6 are felt to reasonably approximate the effect. Some 

costs may have been left out of the model but the chemical 

and energy cost were near their peak when these computa­

tions were made. On the other hand, the returns are 

computed from very conservative price estimates for grain: 

corn $2.25 per bushel, grain sorghum $3.60 per cwt, rice 

$6.80 per cwt, and beans $16.57 per cwt. Only in the case 

of upland rice is the balance of payments effect of 

changing technology negative. Changing fertilizer prices 

within the range specified would effect only the magnitude 

of the ratio. For no crop is the balance of payment ratio 

so close to zero that changing prices would change the 

sign.

Evaluation of the Model and its Projections

The model has shown that only some of the effects 

of changing technology are positive as hypothesized. 

Others are negative indicating detrimental effects in 

some areas if farmers are induced to transfer from tech­

nology level I to technology level III. From the pro­

jection of the model, it is clearly to the advantage of 

all to shift technology in bean production. In the case 

of corn, it would also seem to be in the best interest 

of all to shift technology if the government can influ-
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ence the input and/or output prices sufficiently to guaran­

tee the farmers an income under technology level III com­

mensurate with his increased costs if he shifts technology. 

The positive effects on employment, production, and the 

balance of payments seem sufficiently strong to justify 

such a program.

In the case of both upland rice and grain sorghum, 

given the four technology levels available, it seems best 

to stick with traditional production of these two crops. 

This is not to say that development cannot be induced in 

the production of these grains. Further agronomic re­

search was called for in Warnken's analysis of the agricul­

tural situation of Nicaragua and this model supports that 

recommendation. Only through more intensive research can 

the new packages of technology be discovered that will 

enable small farmers to increase their production and 

incomes.

To the extent that this model shows these positive 

and negative effects it seems that this type of model 

could be very helpful to policy makers in small countries 

who are trying to develop the basic grain production 

sector. This model should be even more helpful if adapted 

and run on computing facilities within the country. The

people working in and thoroughly knowledgeable about a 

given country's agriculture would be in a better position 

to determine the appropriate data set to use when there
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are conflicts. More relevant alternative packages of 

assumptions could be used for different computer runs

for comparison purposes.

In no case, however, can such a model as this one 

be expected to determine alone whether any given policy 

or program should be implemented. It is deterministic 

and rigid in its input/output assumptions. Variations 

in climate and prices are not contained in the model but 

may occur in the real world. It is assumed that inputs 

can be made available, that credit and technical assist­

ance can be provided. It is assumed that government has 

the ability to maintain the price levels that it sets. 

In real life judgements have to be made concerning these 

assumptions. The cost of meeting these constraints have 

to be further weighed against the benefits of the program 

identified in the simulation model.

If all of the above considerations were to be in­

cluded in the model, the complexity of the model and costs 

of collecting data, building, and running the model would 

be multiplied. Whether or not these costs could be justi­

fied by what would be considered more reliable projections 

remains open to question. Assumptions still would have 

to be made and good policy and programs would still re­

quire judgement on the part of the policy makers. The 

simulation model might best be viewed in the same way as 

any other tool: Its value lies in its ability to aid one
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in accomplishing a task at minimum cost, not in its own 

internal complexity or sophistication.

Recommendations for Further Study

The results of this study suggest three areas in 

which further research is needed to evaluate the effects 

of changing technology on economic variables that are of 

interest to policy makers in less developed countries.

If this model were to be used in actual policy 

making situations in Nicaragua, it would be helpful to 

have more direct access to the various data sources on 

yields and area in production to improve the accuracy of 

the model in predicting total production. More accurate 

price data could improve the estimation of the balance of 

payments effects. The actual goals of the proposed credit 

and technical assistance program in terms of number of 

farmers and area to be affected should be used in the 

model instead of an arbitrary rate of technological change 

as was used in this study.

In other countries where the use of simulation models 

is being considered the whole range of complexity in the 

modeling process should be considered. Relatively simple 

models such as the one used in this study may not be 

worthwhile in some areas capable of more sophisticated 

models. Attempting to use more sophisticated models may

lead to erroneous conclusions if the data base in the
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model is weak and assumptions are hidden in the sophistica­

ted computer program. The collection of sufficient data 

and the construction of complex models to mimick reality 

may cost more than the information the model generates is 

worth. The use of the appropriate models, however, can 

provide valuable information in policy and program consi­

derations .

The technology used by small farmers must continue 

to improve if the increasing demand for food is to be met 

and the rural population in developing countries are to 

have a better standard of living. Different levels of 

technology are employed by different farmers in almost 

all LDC's today. More research is needed to identify the 

technology used by the best small farmers and the inform­

ation needs to be made available to more farmers. Agri­

cultural researchers must continue to seek to identify 

packages of technology that will increase both production 

and rural income under changing prices and condition of

trade.



130

SELECTED BIBLIOGRAPHY

Agency for International Development. Agricultural 
Credit and Rural Savings. AID Bibliography Series: 
Agriculture No.7. USAID, Department of State, 
December 1972.

Anderson, Jack R. Simulation "Methodology and Applica­
tion in Agricultural Economics." Review of 
Marketing and Agricultural Economics. Vol. 42, 
March 1974.

Banco National de Nicaragua. Informe Annual 1972 1973
1974 1975. Managua, Nicaragua.

________. "Evaluation del Programa de Granos Basicos 
del Cielo 1974/75 Y Metas Para 1975/76" (Mimeo­
graphed 1975).

Barnum, Howard. "Simulation of the Market for Food 
Grains in India." American Journal of Agricultural 
Economics. Vol. 52, No. 2. May 1971.

Belshaw, Horace. Agriculture Credit in Economically 
Underdeveloped Countries. Rome Food and Agriculture 
Organization of the United Nations, 1959.

Blase, Melvin G. and Goodwin, J. B. Readings in 
International Agricultural Development.
New York, MSS Education Publishing, 1970.

Charlton, P. J. and Thompson, S. C. "Simulation of 
Agricultural Systems". Journal of Agricultural 
Economics. Vol. 21, No. 3, September 1970.

Coffey, Joseph D. "Impacts of Technology on Traditional 
Agriculture: The Peru Case." Journal of Farm 
Economics. Vol. 49, No. 2, May 1967.

Colyer, Dale and Jimenez, Guillermo. "Supervised Credit 
as a Tool in Agricultural Development." American 
Journal of Agricultural Economics. Vol. 55, No.4 
November 1971.

Devisch, Noel R. "Application of the Systems Approach: 
An Information and Decision Model for the Hog 
Enterprises." Unpublished Ph.D. Dissertation, 
University of Missouri, Columbia. 1976.



131

Economic Research Service, U. S. Department of Agricul­
ture. The World Food Situation and Prospects to 
1985. Foreign Agriculture Economics Report, No. 78.

Finley, Robert M. "Analysis of the Production of Basic 
Grains in Nicaragua: A Detailed Study of Costs 
and Returns." A Report submitted to the Vice- 
Minister of Agriculture, Mazo Vega, January 1974.

________. "Input/Output Analysis for Crops and Live­
stock in Nicaragua." A Report submitted to the 
Vice-Minister for Agriculture, Mazo Vega, October- 
November 1973.

Halter, A. N., Hazenga, M. L., and Manetsch, T. J. 
"Simulating a Developing Agricultural Economy." 
American Journal of Agricultural Economics.
Vol. 52, May 1970.

Hayami, Yujiro and Ruttan, Vernon W. Agricultural 
Development: An International Perspective. 
Baltimore Johns Hopkins Press, 1971.

. "Agricultural Production Differences Among 
Countries." American Economics Review. Vol. LX 
December 1970.

Johnston, Bruce F. and Mellor, John W. "The Role of 
Agriculture in Economic Development." American 
Economics Review. 51,September 1961.

Mellor, John W. The Economics of Agricultural Develop­
ment . New York, Cornell University Press, 1966.

Michigan State University Agricultural Sector Simulation 
Team. "System Simulation of Agricultural Develop­
ment: Some Nigerian Policy Comparisons." American 
Journal of Agricultural Economics. Vol. 55, No. 3 
August 1973.

________. A Generalized Simulation Approach to Agricul­
tural Sector Analysis. East Lansing, Michigan, 
Michigan State University, 1971.

Miller, S. F. and Halter, A.N. "Systems - Simulation 
in a Practical Policy-Making Setting: The 
Venezuela Cattle Industry." American Journal of 
Agricultural Economics. Vol. 55, No. 3, August 
1973.



132

Mosher, Arthur T. Getting Agriculture Moving. New 
York, Praeger, 1966.

Penny, D. H. "Farm Credit Policy in the Early Stages 
of Agricultural Development." Australian Journal 
of Agricultural Economics. Vol. 12, No. 1 
June 1968.

Ramirez, Carlos Rene. "The Rural Credit Program of the 
National Bank of Nicaragua." (Mimeographed, 1972).

Schaefer, Ed and Chable, Al. "Constraints Analysis and 
Program Implication of the Agricultural Sector." 
(Mimeographed paper for USAID/Nicaragua, November 
1974).

Schultz, Theodore W. Transforming Traditional Agricul­
ture. New Haven, Yale University Press, 1964.

Swenson, Walter. "Cost of Production Analysis of the 
Major Food Crops in Nicaragua." Unpublished 
Masters Thesis, University of Missouri-Columbia, 
1974.

Warnken, Philip F. "Production Cost and Returns for 
Major Agricultural Products of Nicaragua: Data 
Tables for 1972 and 1975." A Report to the 
Agency for International Development, February 1975.

________. "Shifts in the Competitive Advantage of 
Traditional and Energy Intensive Agriculture Under 
Rising Energy Cost: The Case of Nicaragua." A 
paper given at the 1975 American Agricultural 
Economics Association Annual Meeting, August 1975.

________. The Agricultural Development of Nicaragua. 
University of Missouri-Columbia, Special Report 
No. 168, July 1975.

Wharton, Clifton R., Jr. "The ACAR Programme in Minas 
Gerais Brazil." Change in Agriculture. Edited 
by A. H. Bunting, New York, Praeger Publishers, 
1970.



133

APPENDIX A

THE COMPUTER PROGRAM AND DEFINITIONS OF

VARIABLES USED IN THE PROGRAM.
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DEFINITION OF VARIABLES USED IN THE

COMPUTER PROGRAM

MZTOMA = Total area in 6 major regions in Corn Production

MZTOSO = Total area in 6 major regions in Sorghum Production

MSTOFR = Total area in 6 major regions in Bean Production

MZTOAR = Total area in 6 major regions in Rice Production

MAI,(MA2,MA3,MA4) = Area in Manzanas in Corn Production 
under respective levels of technology

FRI,(FR2,FR3,FR4) = Area in Manzanas in Bean Production 
under respective levels of technology

SOI,(S02,S03,S04) = Area in Manzanas in Sorghum Production 
under respective levels of technology

ARI,(AR2,AR3,AR4) = Area in Manzanas in Rice Production 
under respective levels of technology

CONSM(T) = Annual Domestic Consumption of Corn

CONSF(T) = Annual Domestic Consumption of Beans

CONSS(T) = Annual Domestic Consumption of Sorghum

PM(T)* = Total Production of Corn in Given Time Period

IM(T) = Total Manyears of Labur Utilized in Corn Production

TM(T) = Total Net Benefit of all Corn Farms

FM(T) = Return to Small Corn Farmers (Small Farmers' Income)

RM(T) = Net Returns to Small Farmers and Rural Laborers 
(Rural Income)

CM(T) = Total Cost of Chemicals (Fertilizer, Insecticide, 
Herbicide, etc.) for Corn Production

EM(T) = Total Cost of Energy (Electric, Fuel, Repairs, 
and Depreciation) for Corn Production

PMC(T) = Percent Change in Corn Production

LMC(T) = Percent Change in Labor in Corn Production
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IMC(T) = Percent Change in Net Benefit from Corn Production

FMC(T) = Percent Change in Small Farmers' Income from
Conn Production

RMC(T) = Percent Change in Rural Income from Corn Production

CMC (T) = Percent Change in Chemical Cost from Corn Production

EMC(T) = Percent Change in Energy Cost from Corn Production

APM = Adjusted Production of Corn (Production of Corn 
in the Central and Pacific Regions adjusted for 
differences between UNASEC data and Central 
Bank data; and estimated production in Caribbean 
Region)

CPMNET = The difference between Consumption and Production 
in each year

CREDM = Credit requirement in Cordobas to finance changes 
in technology

DPMT = Change in Corn Production due to change in techno­
logy

DCMT = Change in Chemical Cost for Corn due to change 
in technology

DFMT = Change in Energy Cost for Corn due to change in 
technology

BMBENE = Foreign Exchange Benefit due to change in 
technology ($Value of added Production)

BMCOST = Foreign Exchange Cost due to change in technology

BMNET = Foreign Exchange Benefit - Foreign Exchange Cost

t = T I M E  PERIOD (1-5)

*The underlined letter denotes the particular crop
M is used to denote Corn (Maiz)
F is substituted to denote Beans (Frivoles)
S is substituted to denote Sorghum
A is substituted to denote Rice (Arroz)
(e.g., PM = Production of Corn, PS = Production of 

Sorghum, etc.)
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APPENDIX B

ADJUSTED PRODUCTION ESTIMATES TO ACCOUNT 

FOR THE CARIBBEAN REGION AND DISCREPANCIES 

BETWEEN PROJECTIONS BASED ON UNASEC DATA 

AND NICARAGUA CENTRAL BANK DATA
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TABLE B.l

ADJUSTED CORN PRODUCTION PROJECTION OF THE 

MODEL FOR FIVE YEARS

Year

TOTAL CHANGE IN PRODUCTION IN 1000 CWT DUE TO:
Change in 
Area only

Change in 
Tech only

Change in Area 
and Technology

1 4620.0 4620.0 4620.0
2 4758.5 4860.5 5006.3
3 4901.2 5101.2 5471.8
4 5048.3 5341.8 5837.1
5 5199.7 5582.4 6283.0

TABLE B.2 

ADJUSTED BEAN PRODUCTION PROJECTION OF THE 

MODEL FOR FIVE YEARS

TOTAL CHANGE IN PRODUCTION IN 1000 CWT DUE TO:
Change in Change in Change in Area

Year Area only Tech only and Technology

1 986.3 986.3 986.3
2 1015.9 1013.6 1044.0
3 1046.3 1040.9 1104.3
4 1077.7 1068.2 1167.2
5 1110.1 1095.5 1233.0

TABLE B.3 

ADJUSTED GRAIN SORGHUM PRODUCTION PROJECTION 

OF THE MODEL FOR FIVE YEARS

TOTAL CHANGE IN PRODUCTION IN 1000 CWT DUE TO:
Change in Change in Change in Area

Year Area only Tech only and Technology

1 1233.3 1233.3 1233.3
2 1270.3 1291.2 1330.0
3 1308.4 1349.2 1432.4
4 1347.6 1407.2 1537.7
5 1388.0 1465.2 1649.1
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