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PREFACE

The selected papers included in the volume are the revised and expanded
product of the Conference on "Technological Change and Rural Development in
Developing Countries" held at the University of Delaware in May, 1982. The
papers were prepared to meet the following goals of the conference:

1) review the state of the art of technology transfer in rural
development including technologies, management, and research
methodologies

2) to explore aspect3 of the social, economic and political
effects of technological change at the "orass roots' through
the national levels

The attainment of such goals was seen as requiring the participation of
experienced researchers and policy-makers from the broad spectrum of disci-
plines and institutional settings activelv jnvolved in meeting the challanges
of technology transfer. Thus the author: include researchers, policy makers,
and administrators from eight universities, nine international institutions,
and seventeen disciplines. Three basic categories, each encompasing elements
of both conference goals, were jdentified and discussed in broad integrative
papers concerning Technological Change and Rural Development were prepared.

In the first category entitled THEORIES, POLICIES AND LEVELS IN
DEVELOPMENT papers were prepared by:

1) Peter Timmer, Economics, Harvard
2) James Weaver, Political Economics, American University

In the second category ADMINISTRATION IN TECHNOLOGY TRANSFER addresses
were delivered by:

1) Neil Brady, Senior Assistant Administrator for Science
and Technology, USAID

2) Donald L. Plucknett, Scientific Advisor, International
Group of Agricultural Research, World Bank

3) Roger Moeller, Engineer, USAID

June Nash, Anthropologist, CUNY, treated the theme TECHNOLOGICAL TRAMSFER
AND THE RURAL HOUSEHOLD.

The other authors prepared papers on more particularistic aspects of
each of these three basic categories. They are as follows:

1) GROUP A. TECHNOLOGICAL CHANGE BEARING UPON ECONOMIC AND
INFRASTRUCTURAL ISSUES, FOOD AND RESOURCE AVAILABILITY

a. Joachim Elterich and Harry Brautigam
Agricultural Ecosomics, University of Delaware

b. Richard Robbins, Agricultural Economist, USAID

c. Lucle Colvin, History, University of Maryland

viii



Charles Withington, Geologist, United Nations

Romir Chatterjee, Economist, U.N. Network of International
Training Centers

Mir Islam, Food Science, University of Delaware

2) 'GROUP B. NATIONAL AND LOCAL INSTITUTIONS FURTHERING RURAL
DEVELOPMENT VIA TECHNOLOGICAL CHANGE

a.

b.

c.
d.

e.

Norman Schwartz, Anthropology, University of Delaware and
Kenneth W. Eckhardt, Sociology, University of Delaware
Wayne Schutjer and Shannon Stokes

Agricultural Economics and Rural Sociology, Pennsylvania
State University

Vivian Klaff, Sociology, University of Delaware

Byong Ahn, Hankuk University, Korea, and

William Boyer, Political Science, University of Delaware
Luciano Barraza, Economist, Interamerican Development Bank

3) GROUP C. IMPLICATIONS OF TECHNOLOGICAL CHANGE AT HOUSEHOLD LEVEL
AND ON RURAL DEVELOFMENT

a.
b.

Ce.
d.
€.

Joseph Beausoeill, Economist, USAID

Peter Hazell, Economist, International Food Policy Research
Institute

Julio Luna, Social Scientist, Interamerican Development Bank
Lee Anderson, Marine Studies, University of Delaware

John Ashworth, Group Manager, International Development
Group Solar Energy Research Institute, Golden, Co.

The papers have been revised in the light of the active discussions and
commentary by authors and international audience at the conference.

The proceedings as a whole are intended to provide the reader with an
understanding of the major contemporary trends and challanges in technology
transfer with the ultimate goal of increasing the interdisciplinary approach
of those challanges in the 1980s.

J. Elterich
P, Weil

Newark, Jurne, 1983
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APFROPRIATE TECHNOLDGY, FOOD PRODUCTION, AND RURAL DEVELOPMENT:

THE RURAL SECTOR FROM A FOOD POLICY PERSPECTIVE

C. Peter Timmer
John D. Black Professor of
Agriculture and Business
Harvard Business School

This paper represents an attempted synthesis of several themes of
the author's work over the past few years. The macro-micro per-
spective on appropriate technology is most clearly seen in "Public
Policy for Improving Technology Choice," from which parts of this
paper draw heavily. The integrated food policy perspective is
worked out in Food Policy Analysis, written for the World Bank
with Professors Walter P. Falcon and Scott R. Pearsonm. Neither the
Bank nor my collaborators bear any responsibility for the views
expressed here.

INTRODUCTION

At least two major lessons have been learned about economic development
in the past thirty years. First, W. Arthur Lewis' stricture from 1954
really does hold: "...industrial and agrarian revolutions always go
together, and ...economies in which agriculture is stagnant do not show
industrial development" (p. 433). Food supply problems ﬁight be solved by
importing cheap food or through food aid. But if food is not cheap or if
international markets are highly unstable and threaten the stability of |
domestic policy, a country's own agriculture must meet growing food demagd.
More importantly, because the large majority of poor people llve in rural
areas, the elimination of poverty and hunger cannot succeed without success-

ful rural development.



The second lesson of development experience is precisely the mirror
image of the first. Rural development and raised productivity in agriculture
cannot succeed except in the context of a successful overall development
strategy. The macroeconomic forces that emanate from the general development
strategy are too powerful for "development from below" to succeed unless
"development from above" is proceeding apace. Sustained macro development
is not possible without rural development. Sustained rural development is

" not possible without macro development.

The essential link between rural development and overall economic
devizlopment is technology choice and the efficiency of resource allocation,
especiglly in agricultural productiom. Markets and prices provide the
connections and signals that make the link effective. This essay is designed
to 1lluminate the macro to micro link from a food policy perspective, which
integrates the broad set of objectives which a soclety has for its food sector
with the technical, economic, and political constraints which condition the

range of choice available for actual policy implementatiom.

A food policy perspective is different from an agricultural development
perspective in three ways: it hés a broader set of objectives, it has a
macroeconomic focus, and it worries specifically about who consumes the food
at the end of the food production-marketing-consumption chain. Each country
specifies its own food policy objectives, but they usually can be recast into
particular weights on one of the following general goals: efficient growth
in the rural sector; productive employﬁent creation and more equal distri-
bution of earned income; reduction of hunger and malnutrition; and improved

food security for both households and the country.



The macroeconomic focus of food policy also distinguishes it from most
rural development perspectives. A society's macroeconomic policy encompasses
its budgetary, fiscal, and mounetary policies as well as its macro price
policies. Both components of macro policy are important for the rural sector.
The traditional macro policies determine budget allocations for rural programs,
the level and incidence of rural taxation, and the seriousness of inflation.
Policy makers frequently try to cope with inflationary pressures by keeping

food priceas low.

The less traditional role of macro policy is through efforts to set or
control a roiety’s basic macro prices -~ interest rates, wage rates, foreign
exchange rates, and the rural-urban terms of trade. These prices for capital,
labor, foreign currency, and food (usually the most important component of
the rural-urban terms of trade) strongly influence the broad choice of
technology in a country and, in particular, the choice of technology in the
countryside where a wide range of choices is typically available. When effi-
cient choilces are made relative to the scarcity of basic factors of production,
economic growth can be rapid and employment creation can be widespread in both

rural and urban areas.

At the same time, however, setting the macro prices to reflect factor
scarcity to induce efficient technology choice carries severe income distri-
bution consequences, including serious short-run food consumption consequences
among poor people who are squeezed between very low wages, which reflect
interﬁational opportunity costs. An important political economy dilemma that
is widespread in the third world results between the short-run welfare of the
poor and the long~run economic growth which is essential if the poor are to

escape from poverty.



The focus on food comsumption consequences of efficient macroeconomic
| policy is a further distinguishing feature of ‘the food policy analytical
perspective. Poverty and hunger are intimately related. In many countries
they are the same thing. Rural development from a food policy persepective
means a straﬁegy for alleviating rural poverty through rapid growth in
economic output and the creation of productive new jobs, while focusing on
the short-run food intake of the poor who are squeezed by the economic

policies that make the growth and jobs possible.

The concern for short-run food intake problems of the poor has both

" urban and rural dimensions. Because of the different types of delivery
gsystems available, however, targeted food consumption programs in urban areas
are easier to design and implement than programs to increase the access of
the rpral poor to targeted food schemes. In both the short run and the long
run, rural poverty and hunger might have to be dealt with through more

remunerative employment for the rural landless and near-landless.

A narrow focus on rural development will not create these jobs. Rural
people live in a matrix of linkages that connect their economic opportunities
to what is happening more broadly in the international economy, in the macro
economy, and in other parts of the rural economy. Just as a narrow "indus-
trialization means modernization" approach has failed to transport poor
gocieties to riches and power, so has a narrow rural development strategy
failed to generate the momentum in the rural eccnomy that 1s necessary to

alleviate poverty in the countryside.



APPROPRIATE TECHNOLOGY IN A MACRO-MICRO CONTEXT

In the past decade a rising discontent over the rate of growth of economic
output and‘the extent to which the poor, especially the rural poor, have shared
jn its income generation has forced to the surface the questions asked by the
appropriate technology movement: which technologies, to produce what, for whom,
at what environmental éost? These are the questions of analytical economics,
but many questions of technology choice are important precisely because of what

must be left out of the current economic models of choice.

Tt is important to understand this dilemma, even if it 1is n&t possible
to resolve it. If the economists who control planning agencies do not realize
that gtandard economic decision-making mnodels (such as cost-benefit analysis)
may give socially incorrect answers when applied mechanistically to technology
choice problems, then there is little hope for finding and implementing correct
Qnswers. Similarly, if concerns for the goals of appropriate technology are
jrrelevant. Choice will be determined by the personal commitments and feelings
<df a semi-religious utoplan movement. Policy makers concerned about téchno-
logical change and rural development must find ground between these two polar

extremes.

All societies have arrangements for deciding what pioducts the economy
" will produce (choice of product), how the products will be produced (choice
of technique, or the means of productioh), and how the products will be
distributed (choice of income distribution mechanisms, or the more of ﬁro-
‘duction). Choosing the technique of productivn -- the'machine or industrial

process -- provides ar aaswer to only one of the three basic economic questions



socleties must answer in their overall choice of technology. Preserving this
distinction of terms is useful as "choice of technique" thus refers to the
choice along.an isoquant that identifies a particulér type of machine or
factory with specified factor coefficients. The term “choice of technology"
can be reserved for the broader set of issues society faces, including choice
Af product and distribution mechanisms. Choice of technology refers here to

the basic economic choices all societies must face.

This distinction is designed to keep the term "appropraite technology"
from being delegated to narrow technical answers to the broad development ’
éroblems actually faced by third world societies. The solution to rural
poverty is no more likely to be found in bullock-drawn steel plows and solar
vegetable dryers than it is in 14-foot combines and concrete bulk grain
gilos. Each of the "techniques" is appropriate in some settings, and a
methodology that related. the characteristics of the setting to the character-
istics of the teéhniques in such a way that the appropriate choice emerges is
essential. Such choice of technique methodology is available, but it
addresses only the relatiénship between technique and setting, not the
nature of an appropriate setting itself. More important are the public
pélicy issues for appropriate technology choice ia the broader sense of an

appropriate economic environment.

Public Policy and Technology Choice.

Appropriate technology choice offers a country improved employment
prospects with higher productivity for the urban and rural poor while long-

run environmental resources are maintained. The four basic macro prices are



the primary variables of economic policy that influence the choice of appro-
priate technology, but the impact of macro prices on technology choice is

through complex mechanisms in even the simplest economies.

The major complexity arises because no government is able to set any
of these macro prices willynilly. The national and international economies
that provide the policy environment strongly condition the wage rate, for
example, that can be chosen and set by national fiat and yet be widely
applicable as the prevailing wage rate throughout the economy. The same 1is
true of interest rates, exchange rates, and food prices. Thése macro prices
are meant to reflect to the economy and to international trading partners
the relative scarcities of these goods and factors. Governments have only
1imited powers to abolish arbitrarily the relative scarcities dictated by
the "real" economy. To a large extent, the levels and relative values of
the macro prices will be dictated by the economy and not to the economy by

domestic'policy makers.

What then is the role of policy? In short, it is to change gradually
the enviromment in which choice of technology decisions are made in both
the public and private sectors. The factors must be combined to do this:
a sensitive understanding of the macro price equilibrium likely to be pro-
duced by the real economy in the absence of a particular intervention; an
| understanding of the ability of government activity to alter the real economy
directly, for example, by funding projects which raise the demand for labor
or increase the supply.of food of'foreign exchange; and an understanding of

the limited, but still positive, ability to nudge the macro prices in a



desired direction either directly (by fiat, as in announcing a new interest
rate) or indirectly (by banning the export of food and hence lowering its
déﬁestic price and shifting the urban-rural terms of trade in favor of
cities). The range of cholce for economic policy depends on how these three
factors relate to each other, but all countries have significant potential

to alter the environment in which choice of technology decisions are made.

A serious asymmetry, however, exists in this potential. Improving
the enviromment in the seise that more appropriate techniques and technology
are chosen is a delicate task invglving changes that are freqently unpopular,
while dismantling an environment conducive to appropriate economic choices
is remarkably easy and popular in the short rum. Hence high interest rates
which discourage capital intensity, low réal wages which encourage labor
absorption, high foreign exchange costs which discourage imports of consumer
luxuries and encourage the export of labor-intensive products, and high food
prices which pump real purchasing power into rural areas encompass a package

of economic policies that is patently unpopular in most countries.

1f such policies become suddenly necessary as austerity measures to
bring actual policies clu: to what the real conditions of the economy can
aétu@lly support, the short-run welfare implications can be exceedingly
gevere. Such phrasing sounds neutral and carries a tone of "but it's good
for them." In fact, "severe short-run welfare implications" in poor countries
usually means a rapid rise in infant mortality rates due to acute malnutri-
tion, subclinical hunger which affects worker and student productivity, and
excess short-run scarcity profits to the owners of capital and foreign

exchange and to speculators who hold large food inventories.
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Facing this dilemma over the "right" macro prices and the resulting
short-run welfare costs is the heart of modern political economics. Three
important considerations must be incorporated.in any resolution of the
dilemma: the need for a subsistence floor through targeted food subsidies;
the need to exploit dynamic economic and political feedback linksgzes; and

the need to disaggregate welfare problems by economic function and income class.

Providing a minimum subsistence floor, one that is unconnected to the
marginal productivity of labor as reflected in market Qages for unskilled
labor, separates sheer survival from economic policy. Keesing has pointed
out that prices based on real scarcities, especially canital and labor prices,
contribute to highly skewed income distributions in labor-surplus, capital-poor
countries. Some mechanism for protecting the consumption of the very poor
in these environments will be needed if the macro price environment is to be
used to foster appropriate technology choices. Ideal mechanisms might be
asset redistribution or fiscal policy capable of redistributing incomes to
the poor, but other less ideal mechanisms, such as ration shops, food stamps,

or other targeted food subsidies, may be more feasible.

The hecond consideration is the extent to which feedback linkages
reinforce both "right" and "wrong" policy choices with respect to macro
prices. In essence, the policy environment is unstable between a macro
price set that fosters appropriate technology choices and a policy set that
does the opposite. Hence any movement from an existing intermediate point
will tend to resulﬁ in cumulative pressures in the same direction. A somewhat
overvalued foreign exchange rate which is even further overvalued as a delib-
erate act of policy will set in motion forces that tend to make even greater

overvaluation necessary.
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Some of these forces are economic. The effective protection afforded
by an overvalued exchange rate to domestic industry using imported inputs
tends to make the indu;try less efficient with little incentive for cost con-
trol. When domestic production costs rise faster than internmational costs,
foreign competition again becomes a threat, and further protection in the form
of tariffs or revaluation is needed. But many of the forces are social and
political. Protected domestic industry develops a patron-client relationship
with the government policy makers who provide the protection. The workers
in the protected industry enjoy the high wages made possible by the protection

and lobby (in the streets if necessary) for its maintenance and extension.

The dynamics in the opposite direction are not nearly so strong nor
as well documented empirically because of the limited number of success
gtories. Taiwan, South Korea, and Hong Kong hardly provide the basis for
generalization. But the dynamics do seem to exist. The rigors of scarcity
values for macro prices induce an efficiency and flexibility in production
and trade which seem to energize labor-absorbing investment. More important
for most countries, such policles seem able to tap the latent dynamism in
rural sectors which have frequently sufferasd from decades of discrimination
and neglect. A dynamic rural sector is an essential factor in the equitable
and rapid economic transformation of a poor society. The role of appro-
priate macro prices in generating such rural dynamism is still a subject of
some controversy. But Schultz's recent book on distortions of agricultural
incentives shows that moét agricultural development specialists are now
squarely in the price incentive camp regarless of the short-run welfare con-
sequences. Peterson's empirical estimates show very high long-run supply elastic-

ities and correspondingly large social costs to undervaluing agricultural output.
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The third important consideration in the analysis of the political
economy of macro prices and welfare costs is the importance of disaggregation
to understand the welfare problem and any financially plausible governement
interventions. The evolution of tHis perspective is outlined in two of my
own papers (Timmer, 1980, 1981). 1Its empirical foundation is the recognition
of differential food consumption consequences by incomes class when food
prices change. By working out both the analytical mechanisms and the
empirical parameters of this effect, policy analysts can generate options for
intervention, possibly commodity-specific rather than income class-specific,
which are not apparent when aggregate supply and demand parameters are used

to describe and analyze the issues.

At first glance it would seem that the issues of appropriate technology
choice could be resolved if public enterprises made all the choices directly
on the basis of social cost-benefit analysis. The early appeal of planniﬂg
models that emulated the extensive involvement of the Soviet state in produc-
tion.and distribution was based at least partly on this apparent simplicilty.

If the private sector is myopic, backward, risk averse and unable to encompass
the public welfare dimensions of investment decisions, then the state could
do it directly without hav/ g to worry about implementing a complex set of
macro policies which migh posaibly produce the desired result but which might

not have the "guarantee" of direct state initilative.

Sadly, the actual experience in most third world countries with state-
run enterprises and with detailed planning of investment by central planning

agencies is quite the contrary of the logic above. Capital and labor sre not


http:simplici.ty
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the only two factors of production required in the fields or in the factory,
but planning agencies seem to have only these two factors within their
capacity to allocate. The managerial and administrative talent needed to
coordinate the production and distribution activities is an extremely scarce
resource in these economies. Most planning exercises, however, assume such

talent is irrelevant or a free good.

Further, the information required for a planning agency to allocate
investment resources rationally is not costless, and the analytical =xpertise
required to arrive at the right answers has a high international opportunity
cost. Many of the most talented economists from the third world work for
the IMF and the World Bank, which place a premium on employing a reasonable
geographical balance of economists able to use the most sophisticated tools
of analysis. The simple logic that suggests public enterprises will auto-
matically select more appropriate projects and the ﬁeans of implementing
them than will private enterprise is faulty. The potentially positive role
for public enterprise in ‘mproving technology choice is an empirical issue.
It is necessary to look within such publiic entities to see how decisions are

actually made.

Two aspects of performance need to be evaluated: the influence of the
process by which bureaucratic planning decisions are made; and the scope for
exercise of personal utility functions on the part of bureaucrats and
planners. An earlier article on choice of technique in Indonesia (Timmer,
1975) explained the bias toward capital-intensive projects. National plans

are typically assembled from sectoral plans which are independently constructed.



14

If sectoral planners do not receive firm guidelines on capital available to
the sector, sectoral planmers almost always pick a capital-intensive strategy
designed to maximize sectoral output but which will ultimately not be con-
gistent with full employment in their sectors when smaller capital allocations
are actually received. Providing these guidelines is uspally impossible at

an early stage when preliminary gsectoral plans are being assembled.

If a range of investment strategles is forwarded tc the central planning
agency, the problem can be avoided, for the agency can then allocate a national
capital budget among sectors by choosing projects and techniques that result
in full employment of both capital and labor resources. Without such a range
of strategies, however, the gectoral officeé tend to pick strategies that
maximize gross output for their sectors and remain committed to those strategiz:
even in the face of a reduced capital appropriation. The result is an

inevitable anti-employment bias in favor of capital intensity.

Such a bias is all the more inevitable if sectoral planners never looked
at a range of possible projects and techniques in the first place. Public
officials do not feel the competitive pressures which would doom an under-
taking in the private sector that was too lavish in its use of imported cgpital
or with quality standards inappropriate to the market. Where such competition
does threaten a government undertaking, the natural tendency is to protect it
by forbidding the activity to private enterprise. Gene Ellis relates a
characteristic example where private well-drillerg in Ethiopia were willing

to contract for services at half the cost of government well-drilling. The
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government's response was to forbid peasants in the rural developmeat projecct
to use the private drillers. Banning the competition does nothing to eliminate
the excessive social costs or the social impact of the inappropriate techniques

being used.

In addition to the simple failure to feel the competitive pressures
that push projects toward appropriate characteristics, a combination of other
factors causes many public sector officials actually to prefer more capital-
intensive and less appropriate projects. The sources of the bias occur in
three main areas: managerial expediency,.corruption, and aid-donor biases.
Such bias on the part of public sector officials can have a very serious
impact on the welfare of the urban and rural poor who carry the brunt of the
burden of inappropriate technologies because of their exclusion from access
to higher productivity means of production. The sources of this bias can

be readily identified.

A few large projects are much easier for a public official to design,
construct, administer, regulate, and control than many small-scale projects
which are usually influenced by the local environment in which they are gited.
Few government planners have even a sketchy notion of the variation in local
environments, and they tend to prefer a project sufficiently large to create
its own environment (or for which it is worth creating a special environment).
It is true that labor-intensive projects can also be very large scale, but
the organization and administration of such projects draw on extremely scarce
bureaucratic resources iu most third world countries (possibly excepting China).

Foreign consulting and construction companies obviously have little desire or
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capacitj to manage large-scale labor-intensive projects. Such projects
require coordination and maintenance of very large numbers of very low
paid and unskilled workers, and for foreigners to function in such a role

is highly suggestive of imperialismn.

Second, corruption among civil servants in positions to grant liéenses,
loans, import clearances, and so on ig found to varying degrees in most
bureaucracies. However, the greater the disparity between the civil gservant's
salary and the monopoly income to be made with his chop on the important
piece of paper, the worse the corruption seems to be. In such a situation
pressures build to retain the economic hurdles and, importantly, to seek
those projects and investments capable of genevating the most lucrative side
payments. Large capital-intensive projects with a substantial import com-

ponent can most easily pay these subatantfal barriers to economic entry.

Third, aid financing from bilateral and multilateral agencies has had
a serious biasing effect on choice of technology because of donor insistence
on adequate financial controls — partly because of the corruption issues
just discussed -- which are impossible to implement when funds are channeled
to many very small enterpreneurs. The tendency instead has been to focus
funds on large-scale projects, frequently operated as a public enterprise.
The scale of the projects alone is usually inappropriate for effective
participation of the urban and rural poor. More to the point is that the
techniques employed in constructing the projects and in designing them are

usually too capital and foreign exchange-intensive.
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‘Since officials in domestic planning agencies must formulate, evaluate,
ébprove, and frequently manage or administer these projects, they have little
time or inclination to seek out more appropriate projects for domestic funding.
Indeed, any economies of scale in planning are generated by replicating
'ptojects initially funded by foreign donors. Naturally, using these projects
as models replicates the foreign-induced tendencies toward inappropriate pro;
jects into domestic projects as well, thus magnifying the initial foreign

distortion.

‘It is not at all clear that there are mechanisms available for correcting
the biases in planning agrucies at either the process or personal level.
Application of existing project evaluation methodologies would certainly be a
major step in the right direction, at least assuring appropriate techniques
in government projeéts (even though the broader technology choice dueations
involving product choice and distribution mechanisms would not be adequately
treated). Stewart has shown, however, that these methodologies are not used
very frequently even by the high-powered analysts in international agencies
who understand them. Third world planning agencies seldom use thgm. Con~
sequently, the social benefit-cost methodologies can be seen to have a subtle
" biasing effect themselves since it makes sense to apply them in their full
rigor only to projects large enough to justify the analytical expense. The
same is not true, however, of the analytical effort expended to understanding
the impact of macro price policy on choice of technology because settiné

appropriate levels for those prices has an effect throughout an economy.
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Improved performance from public enterprises in the context of the
“right" macro prices would lead a country toward more appropriate technologies.
But how far? When a national economy is being pushed toward a new general
equilibrium by a set of macro prices, are the interaction effects and linkages
synergistic and supporting in this effort? If so, are they adequate or will

specific additional steps be required to reach the desired objectives?

No economy is well enough understood to amswer these questions. Indeed,
since all ecénomies are in a state of dynamic evolution, they may not sit
still long enough for adequate study. The interactive simultaneity of even
simple economies is extremely complex both analytically and in the real world.
6ne of the cardinal principles of the appropriate technology movement is that
“"simple is better." The point of this discussion is to argue that '"complex

is reai."

FOOD PRODUCTION AND RURAL DEVELOPMENT

'Fbod production is a means to an end. A confusion over means and ends
is alﬁost certainly one of the major reasomns why agricultural development
strategies have had remarkably little impact on hunger even when they were
successful in raising farm output. Food production and food consumption are
very different biological, social, and economic activities. Even in low-income
societies, they are connected only through a complicated set of linkages,
linkages which are quite tenuous for the very poorest citizens. In order to
place food production in this context of connections, four questions must be

addressed.
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~ First, what are the objectivggdfor.the sector ng_gg, as opposed to the
need for food to meet food consuméfion requirements? Answering this question
involves understanding why the agricultural sector is different from steel or
transportation and what the social and analytical issues are that flow from

these important differences.

Second, how do farmers make decisions? Only in the context of a decision-
making framework éhat incorporates the full range of factors influencing farm
households is it possible to address the behavior and performance of the food
gector as a whole. Most farm households are characterized by joint consumption-
production decisions, but not in a tightly-defined subsistence setting. Farm
households make their consumption-production decisions in the context of farm
input prices, cash and food crop output prices, the prices of consumer goods
from the market, and the opportunity cost of their various members' time
either in outside labor markets, on farm production (including househoid work),
and demand for leisure. The full context of household decision-m;king is
essential to understanding how food production will change when external cir-

cumstances change.

Third, what government interventions are available to change household
decision-making and thereby the performance of the food producing sector?
.Understanding how interventions will affect decision-making is wore important
for agriculture than for any other sector, for the government has very few
1n;erven£ionavavgilab1e that can directly alter domestic food p:oduction.
State-run farms and public exhqrtations to farmers to step up output still

must deal with the reality of millions-of day-to-day decisions in planting,
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tending, and bringing in the crops. An old saying holds that governments do
not grow food; only farmers grow food. But governments can import food,
subsidize fertilizer, make agricultural research a priority, or "purchase"
food surpluses at gunpoint. For better or worse, the farmer's fate is tied
to government policy, but the government's fate, or at least tﬁe success of

its foyd production plans, hinges on the willingness of farmers to go along.

What are the elements of a successful agricultural development strategy?
Of the wide variety of possible government interventions, what combination
can be used to reinforce the achievement,of sectoral goals while simultaneously
serving the broader set of food policy objectiveé? This question raises a
somewhat different set of issues than the traditional output-oriented agri-
cultural development literature, for food policy is concerned with the inter-
sectoral and consumption consequences of a production strategy as well as the
impact on yields. The consumption perspective encompasseé many of the broader
concerns of rural development, but placing the strategy question squarely in
a macro policy context distinguishes the food policy approach from both the

agricultural development and the rural development literature.

Why Agriculture is Different

Farmers are remarkably diverse people, ranging from near-subsistense
peasants in India or Guatemala to corporate businessmen in California or Sao
Paolo. Nevertheless, pr;vate agriculture is a markedly homogeneous industry
in the kinds of decisions that must bg made day in and day out and in the kinds

of uncertainties that condition those decisions. The corporate soybean
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farm -in Sao Paolo or the rice farﬁ in California has more in common with the
whéat-growing peasant operation in the Punjab than with U.S. Steel or

Volkswagen of Brazil.

* In a substantial part of the world, agricultural decisions are made
within a collective environment -- from North Korea through China to Vietnam
and in Easterﬁ Europe and the Soviet Union. Perhaps'half the world's farm
households are part of coliectivized or communal agriculture, and yet these
households, like their private counterparts, must still make many decisions

that are not made by higher authorities. Much of their daily work is done
at their own initiative, and the incentives they face to perform this work
in a timely an& careful fashion strongly influence the quality and quantity
of agricultural output. In botl private and collective agricultures the
decision-haking environment is conditioned by the nature of incentives to
work. Identifying the factors that influence the size and composition of
agricultural output is impossible without an ﬁnderstanding of this decision-

ﬁaking environment of the farm household.

Growing food is a decision-intensive undertaking. What crops to plant,
what inputs to use, when to plow, to seed, to cultivate, to irrigate, to
harvest, how much fo keep for hﬁme consumption, how much to sell and how
much to store for later sale -- these are the farming decisions that occupy
the daily routine of most agricultural producers. What is truly unique about
agricultural is that literally millions of individuals and households are
making,tﬁese'decisions themselves or in consultation with relatively'small

numbers of neighbors, friends, or partners. In Brazil, India, Indonesia,
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{igeria, and even China, changing agricultural producfion decisons to
!ncrease fbod output is an entirelyidifferent process than changing decisions
abcut how much steel or cement to produce. 1n each of those countries -

- indeed in most countries -- a dozen or so'individuals could take direct
action which would lead to a ten percent increase in steel output in a year

or so. Their decisions would be decisive.

Nowhere can a similar small group of individuals decide to raise food
production by ten percent. To be sure, a small group of planners, OT the
president and the cabinet, can decide they want food production to rise by
ten percent. They can tell the food logistics agency, the ministry of agri-
culture, the newapapers, and agriculture extension agents that they want food
production to rise by ten percent. But they cannot increase food production
ten percent by themselves. They must also convince the millions of farmers
in their country to want to increase food production by ten percent, ggg.ggkg

it in their self-interest to do so.

Here is the true importance of the vast number of agricultural decision-
makers. There are simply too many to reach directly either with information
and pleas for cooperation or with police power. Farmers must see the
benefits of higher yields for themselves because there are too many oppor-
tunities to let high yields slip beneath the hoe or in a late fertilizer
application, even under the watchful eyes of a guardian. Farming is a subtle

combination of skilled craft and brute force. The brute force alone will not

achieve high yields.
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The logical resultAof this decision-making perspective on agriculture
is that farmers' decisions'are likely to be altered only when they perceive
the incentives to be favorable to the change. A nzeated and frequently sterile
debate has been waged over the nature of the incentives needed to induce
change in farmers -- the elements range from pretty ribbons to raising
. political consciousness, from basic literacy to the availability of consumer
goods for purchase in rural markets. The debate is nearly .dead now, for the
answef is largely in. Most farmers respond to opportunities to improve their
economic and material well-being. Not all farmers respond this way, and not
all farmers respond to the same degree. The evidence, however, is now over-
‘whelming that farmers make economic calculations in considering their agri-
cultural-decisions. When the economic environment changes, their calculations
change in directions predicted by appropriate economic models of producer

behavior.

Household Decision:-Making

Truly subsistence households produce their own consumption needs and do
not need the market for either buying ér selling. To 3uch households price
signals are not only irrelevant, they are unseen. Few such households
remain in today's world, not because farm families nollonger consume produce
from their own fields but because most farm families now buy and sell inputs
and output in rural markets. They are aware of and react to market prices
in making a wide variety of household decisions. Most farm households still
retain some or most of their farm production for home consumption, and this
role of home consumption is a further distinguishing feature of the agricultural
sector. Fewlsteélworkers or even textile workers take their products home

for household use.
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The simultaneous need to make interconnected production and consumption
decisions within a single household obviously complicates life for the farm
household, for the value of additional time spent in food preparation or
tending the children must be balanced against the productivity of an addi-
tional hour weeding the rice, driving the ducks, or tending the home garden.
Where it exists, the opportunity to spend some of that time working for cash
on a neighbor's farm or in a rural wage-labor market places a lower bound
on value of household-farm time, and the value of leisure ultimately places
a limit on the willingness to work, especially at low-productivity tasks.
However, for households with inadequate land to grow surplus crops for sale
and with limited outside employment opportunities, the marginal value of
jeisure time may be low indeed, and possibly near zero. Even tiny increments

to output can be valuable for very poor households.

The importance of J>int household-farm decision-making also ralses
complex questiomns for analysts in search of ways to organizé date and research
issues into managerable and comprehensible frameworks for analysis. These
complex questions have recently become the focus of a revived interest in
models of household economics. At one level, the '"new household economics"
provides a powerful perspective anjoinc decision-making about food production
food consumption, investment invhﬁman‘qapital, and even fertility and other
demographic decisions. By showihg ﬁow all these decisions are related to
each other and to the economic environment surrounding the household, the
household economics models provide a conceptual understanding of the compli-

cated lives that rural people live.
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At the level of full empirical specification, however, the household
economics models have go far not been able to provide more than a hint of
the quantitative significance of the internal decision-making relationships.
This shortcoming is partly because data on actual time allccations within
households are difficult to obtain with precision, especially without biasing
the time allocations themselves. More importantly, judging the real oppor-
tunity cost of time is both conceptually and empirically difficult because
the true value lies in the subconscious of the decision-maker. Knowing whether
the possibility of entering the wage market really influences the mother's
allocation of time to raising children or the tine of family members spent
in the fields and gardens is critical to implementing household economics
mode.s, but simultaneously it may not be knowable. This is particularly
troubling for policy analysts as the importance and role of household labor
in agricultural production is a major issue in understanding how farm house-
holds respond to economic incentives and what their costs of production are
when vesponding. Less formal and somewhat ad hoc procedures for understanding

this role may be the best that is possible.

The Sources and Dynamics of Technical Change

Technical change is the source of most productivity growth in the long
run, as continued investment in capital that embodies traditional technology
very quickly faces low warginal returns. Technical change in agriculture
shares many of the characteristics of technical change in other sectors,
especially the tendency for individual inventors to be unable to capture the
economic rents from their inventioms. Consequently, the private sector seldom
has socially-optimal incentives to invest in research and development that

lead to technicel change.
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Agriculture faces this same divergence in an especially acute way. In
addition, technical change in agriculture tends to have characteristic factor
biases, depending on whether it is a mechanical or biological innovation.
Because the innovations are usually embodied in new inputs that must be
purchased from the market, access to new technology on the part of small
farmers with limited capital or credit availability is constrained. For a
variety of reasons, including credit constraints, large farmers tend to adopt
new technology before small farmers. All of these issues -- public responsi-
bility, factor bias, and the farm size distribution of adoptees -- are related

to each other and to the ultimate welfare impact of new agricultural technology.

Most farmers are inveterate experimenters and tinkerers, always on the
lookout for a slightly better way of doing things, whether it is a different
seéd spacing or a modified shape to the plow. As late as the 1920s most of
the agriculturq} innovations in Europe and the United States arose on the
farm and were gradually diffused by word of mouth and by agricultural colleges.
Such on-farm innovation continues, but the scientific revolution in agriculture
has made the discovery of technical innovations much more knowledge- and
capital-intensive. Very few farmers even in the United States have the
resources to carry out significant agricultural research programs, and most
such research is now conducted by publicly~-funded agricultural research centers
and by a handful of large agribusiness concerns, primarily involved in
developing hybrid seed technology, chemical technology (herbicides and
pesticides), and agriculfural machinery. The small-scale and limited £inancial
resources of most farms means little important agricultural research is con-

ducted by farmers.
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Unless thenew agricultural technology can be restricted for sale by its
inventor or approved licensees, the economic returns to innovation are small
from the private inventcr's perspective but may well be very large from a
social perspective. Apart from the sheer scale required to do modern

_agricultural research, the inability of private research companies to capture
the full return to their invention means that public agencies should play a

major xole in funding and in carrying out agricultural research.

piffusion of new technology is also a matter of policy concern, especially
because not all farm households have equal access either to the knowledge to
use new technology or to the agricultural and financial resources needed to
make it productive on their own farms. This public role can be overemphasized,
as the evidence suggests that truly profitable innovations spread quickly no
matter what the government does. However, the location-specific nature of
much new agricultural technoiogy, especially seed technology, means that
large areas of a country may be bypassed by the diffusion process unless
government recearch and extension workers are actively engaged in the on-farm
testing and evaluation of new technology. The surprisingly small potential
for borrowing an agricultural innovation from'another country or region for
direct use reflects the site-specific characteristics of much agricultural
technology. Adapting a general agricultural technology i~ a specific seed
strain or technique that fits individual farming environments is also an

important responsibility of local research and extension stations.

Most technical change in agriculture involves improvements in the
biological processes by which plants and animals grow and yleld output useful

to man or in the mechanical functions that are necessary for the biological
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processes to carry on more efficiently than in a natural setting. Primitive
agriculture uses natural biological materials and processes in combination
with human labor and management to bring in a food crop or livestock product.
Modern agriculture uses scientific kuowledge to reshape the biological
materials so that each plant and animal is more productive, and it increasingly
gsubstitutes machines for human labor. Biological-chemical innovations, such
as hybrid seeds, fertilizers, and pesticides, all tend to be yield-increasing
and thus save on land. Mechanical technology can also have a yleld effect
when it permits heavy soils to be cultivated or water to be pumped to dry
lands, but most mechanical technology is designed to make agricultural work
less physically burdensome and to save on the amount of labor needed to

produce a unit of output. It is labor-saving.

Hayami and Ruttan have shown that biological-chemical innovations have
tended to be discovered and introduced in land-scarce, labor-rich societies,
such as Japan and Western Europe, whereas mechanical innovations were
developed and used in land-rich, labor-scarce societies, such as the United
States, Canada, and Australia. Such "induced innovation" suggests that each
soclety develops an agricultural technology appropriate to its resource
endowments and agricultural needs. Whether such society-specific innovation
will continue to yield appropraite results in the context of a much more
interdependent international agricultural system is a prime question for the

rest of the century.

Because most new agricultural technology is embodied in a physical
input -- a bag of fertilizer, a new seed, a tractor, or an irrigation pump -

- it can be effective in a farmer's field only if a purchase (or rental
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arrangement) is made. Several consequences flow from this simple faéé. For
small farmers to participate in the benefits of technical change, not only
must it be workable on their small farms (combines, for instance, usually
are not) but they must also be able to purchase the input that carries the
new technology. Where a new seed-fertilizer package has a 200 percent rate
of return, even borrowing from a village moneylender at 10 percent per month
may be profitable. But for the full benefits of modern tuchnology to reach
small farmers, a credit program accessible to the famn household with only

half a hectare or less may be essential.

Equally important, if new technology is embodied in inputs, then a
marketing and distribution system will be essential for farmers actually to
be able to purchase the inputs. Many traditional agricultural societies have
a long history of small-scale marketing of surplus output to urban regions
in exchange for consumer items, such as cloth, kerosene, or pots and pans,
needed by farm households. There is no similar experience with large-scale
movements of inputs, such as fertilizer or modern seeds, to those same
dispersed farm households. The embodied nature of agricultural technology
means that farmers cannot just be told about it. The marketing system must

also deliver the inputs when needed.

A further characteristic of embodied agricultural technology is that
complementary fixed ital investment are often required to achieve the
maximum benefits from the innovation. Usually this investment takes the
form of better water control, land-leveling, and drainage. Sometimes
much better control of seed bed preparation, which may require tractors with

modern implements, or more sensitive and faster harvesting techniques to avoid
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shattering and other harvesting losses, which may require combines or

threshers, is also needed. Shorter-maturity cereal varieties often mature
while the rainy season is st1ll under way, and solar drying is difficult or
impossible. In such cases me:chanical dryers and added storage capacity are

essential.

'Food Production as a Rural Development Issue

As each of the questions about food production is addressed from a rural
development and food policy perspective, a series of issues emerge that begin
to reveal the complicated linkages connecting food production to the rest of
the economy. Some of these issues, such as the concern for rural poverty,
input availability, and resource utilization, are more or less sectoral in
nature. Others arise because of important macro implications that flow from
rural decision-making, for example, the degree of food crop self-sufficiency
and the balance of production between food and cash crops. The linkages
among the sectoral and macro issues are also important. Rural-urban linkages
at a personal level, where individuals respond to income opportunities by
migration, provide much of the dynamlcs of employment and wage rate formation
with all their ramifications on income distribution. The most complex linkages
create a mutual relationship between efficient allocation of resources in
rural areas and overall economic growth, a relationship which permeates the

entire discussion of food policy.

The extent and causes of rural poverty are tied directly to the perfor-
mance of the agricultural sector and to the efficiency of its connections to
the rest of the economy. Rural poverty is partly a function of the decision-

making environment of rural households -- the set of economic incentives they
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face tr grow crops and to find outside jobs -- and partly a function of the
distribution of assets and human skills with which to operate within that
environment. The options available for reducing rural poverty will be

significantly conditioned by the set of factors which are most pressing.

The circumstances under which farm households have access to land for
growing crops has many ramifications beyond the obvious insecurity and
coﬁmdnly weak bargaining position faced by tenants and renters. Land
ownership provides an asset base from which credit can be obtained for inputs
or investments in farm capital. It provides greater incentives to save from
household income. The conditions of tenure frequently condition the willing-
ness of landlords to invest in land improvements and tenants to use yleld-
raising inputs at socially efficient levels. Land tenure relations also
indicate who are the powerful and who are the weak in rural societies. The
changed attitudes that result from attempts at land reform are often the most

important aspects of the effort.

Traditional agriculture can subsist in a closed ecological system where
crop rotations, fallowing, and manuring permit stable but low yields over
extended periods. Modern agriculture and the capability to grow emough food
for an expanding population require a much more open and interdependent
farming system which relies heavily on the availability of inputs from the
industrial sector to raise yields and sustain them year after year. Agri-
culture is a seasonal and geographically dispersed ;ndustry. Delivering the
necessary inputs precisely when and where needed is a complicated logistical
undertaking that most third world governments have neglected or, in some

cases, have actually impeded.
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1 For farmers to adopt new technology, not only must the moderp inputs
be physically available, but farmers must be able to afford to use the inputs.
Credit programs designed to improve the accees of farmers, and egpecially
small farmers, to modern Iinputs are am essential component of the input pro-
grems themselves. In addition, some inputs are lumpy and cannot be used
efficiently on even average-sized farms in many parts of the world. Large-
scale tubewells and tractors might contribute significantly to higher pro-
ductivity even on small farms if institutional arrangements can be found to
separate the service flows that such inputs can provide from the ownership
of the assets themselves. Where the entrepreneurship exists and the economic
environment permits, rental arrangements and tractor-hire services frequently

emerge spontaneously.

Farmers use resources in agricultural production from a private profit-
ability perspective even though some of the resources-use decisions have
important spillover effects on their neighbors or society as a whole. One
important concern is the use of irrigation water in such a way that salinization
becomes a problem or the underground water table is lowered. Soil erosion and
the silting of rivers and irrigation facilities is another. If farming tech-
niques that are privately profitable lead to soll runoff that causes serious
soclal costs, government policy must search for interventions that maintain
the long-run viability of both the cropland and the irrigation systems. The
matter is frequently made more difficult because of the severe poverty of the
worst offenders, the poor households who push up hillsides to cultivate marginal
solls for their own subsistence or who strip vegetation from the catchment areas

of irrigation systems in search of firewood or fodder for sale.
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Rural dgvelopment strategies usually have an implicit goal of achieving
near self-gsufficiency in food production, and certainly one of the most
important roles of government is to ensure that the society's food supply is
nqs subject to the whims.of wea:her, international markets, or political
blackmaill. Providing for food security is an important food' policv objective,
but it is not the game thing as self-sufficiency. As a politicai slogan,
however, and even as a lever to pry loose budgetary allocations to increase
agricultural productivity, self-sufficiency is a potent concept. Channeling a
political drive for food crop self-sufficiency into a series of programs that
enhance both food security and the efficiency of food crop production is the
ideal response. Avoiding catastrophic and high-cost investments in grossly

inappropriate food production schemes is often the best that can be achieved.

Income generation and employment are important objectives of rural develop-
ment, but controversy has arisen over the role of cash and export crops. The
argument that producing food should be the first priority until hunger is
eliminated, after which diversification into cash crops can be permitted, has
an emotional appeal when strawberries are being exported while landless
peasants starve. The appropriate talance of crops, between cash crops and
food crops and between cereals and legumes, has several dimensions in add:ition
to the apparently simple question of whether all farm households are producing

their owvm food first.

Several important crops are needed as industrial inputs, and the potential
of increased cotton or jute output to create more and higher-paying jobs in

the industrial sector is a major factor in the social profitability of growing
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éhem. Farﬁers whose incomes are increased by growing cotton may be much wofse
off 1f forced to grow corn, and the greater home production of food may not

- nearly offset the worsened poverty. At the same time, pushing tenants off the
land on which they raised food for their families in order to grow export crops
with mechanized farﬁihg teéhniques may contribute to significant rural hunger.
The important connectioﬁ, however, is not the nature of the crop being grown
but the size of the income stream from growing the crop and the recipients of

‘ that income. Labor—intensive cultivation of tomatoes for export may improve

rural welfare; mechanized growing of wheat may harm it.

Creating productive jobs in the rural sector is an important concern of
rural development, but even when a development strategy seems to be succeeding,
rural to urban migration is to be expected. Rural workers with low-paying and
back-breaking jobs look enviously at industrial workers tending machines indoors
out of the rain and mud or dust and heat. Urban life usually looks attractive
and exerts a significant pull on rural youth despite the real probability of
ending up in the squalor of an urban slum. The harshness of rural life pushes
the mobile population out in gearch of the chance for a better life. Rural to
urban migration is a major phenomenon of the development process. This migra-
tion is a major factor influencing the formation of rural and urban wages.
Because poor people depend so heavily on wage income to provide their liveli-
hoods, understanding both the push and pull aspects of migration is important
'to understanding how poor people earn their incomes and how policy can
intervene to raise their standard of living, inclﬁding the quanity and quality

of their food intake;
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Rapid'érowth in anj'sector tends to induce dynamism in other sectors
as we;l.' The_stronggr the linkages among sectors, the faster and more
efficiently ié the growth process transmitted. Agriculture's links to othe?
sectors have alréady been noted. The importance of its sheer size means that
as a geﬁerator of growth to be transmitted to the urban sector, the rural
sector has the potentialAto play a leading role in the elimination of poverty.
Iﬁbthe context of rapid and efficient growth.agriculture can provide surplus
iabor, savings, foreign exchange, and household demand for urban products. In
the context of stagnation and urban exploitation of rural productivity, the
gréwth process in both sectors can be brought to a halé. Subtle and dynamic
linkageé coﬁnect economic performanceiih rural and urban areas. Either good or

bad policy at each end is eventually transmitted to the other.

ELEMENTS OF A STRATEGY FOR THE RURAL SECTOR

Production Strategies

Understanding how farm production systems work is essential to formulating
a strategy for &evelopment of the rural sector, but such a strategy must
include a number of issues beyond agricultural output. Consumption, marketing,
and trade policies will affect, and in turn be affected by, production
- strategies. Knowing what tradeoffs exist at the fg:m level and at the sec~-
. toral output level provides the necessary insight to place production issues

"in their important but proper perspective.

Four major lessons come out of a farm household decision-making per-
* gpective which are likely to influence most production strategiés, especlally

. when they are incorporated into a broader and consistent food strategy.
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These iessons include the desirability of broad-based programs for small farm
households, £he necegsity to use policy to foster appropriate price incen-
tives for increasing agricultural output and to generate rapid increases in
ru;al incomes, the importance of technical change for raising productivity
and keeping food prices to consumers within reasonable limits, and the
efficiency to be achieved by using int;rnational markets both as a source

of gains from trade and as a measure of opportunity costs in policy deliber-

ations when short-run trade is ruled out for other reasons.

Countries that have emphasized broad-based programs for small farmers
havé been more successful in achieving both their production and consumption
goals. Bimodal rurai systems with a few large, modern farms and many small
farms have sometimes achieved agricultural growth, but most have left or
even exacerbated widespread poverty in the counfryside. This poverty is
the major constraint on solving the problems of hunger and on using new
technology to incfease agricultural productivity in the long run. Nor have
state farming operations had widespread success in helping solve a country's
agricultural problems. Bfing;ng more decisions under direct state control
‘has been almost a sure route go ag;icultural stagnation in nearly all third

world countries.

In most instances, farming systems with a large number of relatively
small-scale farms have more gffectively generated rural income and achieved
a more equitable income distribution. Given the decentralized nature of
agriculture, the impact of prices, both received and paid by farmers, is a

crucial element in attempts to create a dynamic rural society. Even in the
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short run, price responsiveness can be important quantitatively. For the
longer run, a continuation of "cheap food" policies pursued by many less-
developed countries is likely to have severe negative production effects.
With an appropriate set of price incentives, a country can benefit from a
decentralized system of management, where many individual farm households
respond to changed economic conditions. Since farmers reap the rewards of
good management, income incentives are important in all agricultural systems,

both market-oriented and centrally-planned.

The profitability of food production is related to technology as well
as to prices. Outward shifts in the sypply curve arising from technical
change are more important to increasing agricultural p%oductivity than
movements along it. Increasing productivity is a primary mechanism for
sustaining longer-run profitability in agriculture without having to resort
to higher food prices for consumers. For farmers to adopt neﬁ technology in
response to price incentives, the improved technology must actually be
available and appropriate to the environment. Governments play an important
fole in developing new irrigation systems, fostefing research to develop
improved locally-adapte& seed varieties, and investing in rural infra-
structure and marketing to facilitate the flow of productive inputs and
output. In the absence of such technical improvements in farming systems
constrained by traditional technology, government policies can have only a

limited effect in raising agricultural productivity.

Interaction with international markets provides a standard of efficiency
for both domestic industry and agriculture. For poor societies, such

efficiency is critical to the mobilization of domestic resources to cope
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~ with poverty and hunger. Attempts by countries to become completely autarkic
and to insulate themselves from international prices have often led to

gsevere price distortions and disincentives within agriculture, resulting in
a stagnant rural economy. For every country that followed international
price signals too closely and experienced roller coaster instability, there
must be ten countries which have not read the signals closely enough and are
saddled with inefficient and stagnant rural sectors. Both types of countries
are likely to face significant problems of hunger in rural and urban areas,
and bbth need to seek the middle ground defined by a broader food policy

perspective.

This broader food policy perspective includes reading long-run inter-
national market trends and using the signals to measure the efficiency of
domestic price policy initiatives. It also includes careful Qttention'to
the domestic fodd marketing sector, which is the primary carrier of both
price signals and food commodities from producers to consumers. For many
commodities price formation itself takes place in domestic markets, and
these prices influence farmers, consumers, and the optibns available to policy
makers as they try to alter decisions made by both. Policy for farmers must
- fit within this broader marketing and macro context. At the same time,
however, farm productivity fundamentally conditions the range of options
available to policy makers across the spectrum of food policy objectives,

including the reduction of hunger.
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Strategies for Appropriate Technoiogy and Rural Development

The record of most rural development programs, even those ostensibly
conducted within an appropriate technology framework, has not been encouraging.
Example of failureg abound, of grossly inappropri#te technology for human
needs, with grim consequences. The few success stories are not well under-
stood functionally and seem of dubious transferability. The reasons for
fallure are deeply rooted in the political economic fabric of most socileties.
The reasons for success seem vague and fragile. This widespread difference
between the success stories and failures creates the asymmetry in the
disequilibrium path between appropriate and inappropriate technology choices
which make policy analysis in this area so subtle, policy changes so fraught
with real political risks arising from genuine welfare issues. The almost
inevitable tendency is to back away from the issues and the analysis
altogether and to seek an alternative intervention point. ‘Start with the
people. Start at the village. Work from below in a classical revolutionary
strategy and eventually build enough local momentum that the pressures blow
the 1id off the top. No complicated analysis is necessary, just the will to

begin with "right process."

There is much appeal in such a strategy as a personal commitment to the
welfare of the wrentched ¢f the earth. Indeed, duplicated widely over many
ccuntries and regions, a strategy of personal involvement at the village
level will be an important component of any country's ultimate success in
finding a technological path that leads to higher productivity and better
lives for all its people without destroying the natural environmental

resources on which it is based.



40

It is the essence of the technology choice problem, however, that such
local strategies are doomed to failure in the face of a hostile macro
environment. In the jargon of the movement, a "bottom up" strategy is just
as likely to fail in the face of a nonsupportive "top" enviromment as a
"top down" strategy is likely to fail in the face of a nonsupporting local
envifonment. Again there is an asymmetry in this apparently inverse

relationship.

Appropriate macro price policies and public enterprise investments can
have an/important energizing effect on the local environment, but no vice
versé. To do so, however, two questions must be addressed. What are the
appropriace policies? Are the macro decision-makers willing to have an
energizing effect on the local environment? Many national leaders see
local initiative, decentralizatibn, and development from below as causing
the center to lose pélitical control over the periphery. Whether this is a
good or bad thing is very ‘important but irrelevant to the point at hand,
which is that the concern from the perspective of the center over control of
the periphery is both real and legitimate. In the absence of political
revolution from below, from the periphery, ways of energizing rural areas
with policies from the center that do not imply lost control will be critical

for any significant movement toward strategies of appropriate technology.

This paper has been directed to the first issue. What does it mean to
"get the macro prices right"? Only analysis can say, analysis with a sensi-

tivity to the welfare objectives of appropriate technology in the context
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.of the society in question. It is terribly important that this point not
be misunderstood. It does not say that better enalysis of government pro-
jects will lead to appropriate technology (although it will help) or that
better analysis of the economy will permit planners and managers of public
projects and enterprises to take the economy to the promised land. The
analysis called for is to determine the range of choice the government has
with respect to its macro prices and to demonstrate the influence of prices
on the other primary decision-making arenas in the economy and in turn, the

i{nfluence of these areas on the macro prices themselves.

Such analysis is not the exclusive province of any one discipline. An
obvious but unstated thesis running throughout this paper is that economics
as an analytical body of thought has spent little time with these issues
although the tools and perspective of economics make it the natural

organizing discipline for the coordinating effort required.

The plea for analysis should also not be misread as a plea for the
construction of formal interactive planning models of sectoral or national
economies which permit quantitative answers to questions about macro price
variation. Such models are interesting analytical exerclses, but none
captures any of the essential linkages between micro, micro-macrv, and
macro levels that have made the structural equations of such models unstable
in the face of significant changes in the policy environment. What is called
for 1s sensitive research into the important micro relationships, a reasonably

simple macro model of the economy in terms of national income accounting
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aggregates, such as Lance Taylor has conmstructed for food and nutrition
policy issues, and an acquired sense of how the pleces fit together to
make the system work. The process probably cannot be quantitatively
systematic for a long while. Efforts to make it sc will almost certainly

lead to inappropriate results.

It is not premature to guess at the general dimensions of a macro price
gset conducive to promoting appropriate techniques directly and to energizing
the urban and rural poor into a dynamic process of direct participation and
{involvement which lead to more appropriate technologies in the broad sense.
The basic economic realities of poor societies place fairly narrow limits on
these dimensions, limits which if exceeded have demonstrable welfare costs
for the poor. Scarcity values define these limits, and scarcity values
are set by opportunity costs. At the same time, it is important not to take
a narrow, short-run, or mechanical view of opportunity costs. The first
tends to leave out environmental costs, the second is unduly influenced by
temporary fluctuations in highly leveraged international markets, and the
thirC implies that some formula will provide the aﬁswers. As a first order
of magnitude, macro priceé should be set to reflect these properly defined

opportunity costs.

All mucro prices carry with their allocative properties drawn from
scarcity values some important distributional properties drawn from their
role as direct or indirect factor payments. In the short run the owners of
capital benefit from scarcity prices for capital, the owners of land benefit

from high food prices, and laborer's incomes are determined by their wages
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(even in the short rum, the income distribution consequences of changing
foreign exchange prices can be very complicated). In the long run all
factors ought to benefit if the right macro price enviromment does energize
rapid and broadly participative ecpnomic development and a nonregressive

fiscal p&iicy is pursued.

The policy dilemma, however, is the short-run tradeoff between allo-
cative and distributional goals for significant parts of society. Although
some price environments are 80 bad that both allocative gnd distributional .
goals are served by change, such a happy relationship is ;ot likely to
persist forever. ‘Eventually hard choices must be faced. At this point the
potential for semnsitive hnd appropriate program design is needed to protect
the poor from the full brunt of the distributional consequences of an
allocatively efficient macro price set. The alternative, a program structure
designed éo.attenuate the allocative effects of a macro price set designed
primarily for distributional goals seems not to work because of the inability
of public enterprises and regulators to gather and process information in
a sufficiently rapid and sensitive fashion to avoid strangling the dynamics

of both public and private economic decison-making.

Implications for Thinking About Rural Development

There is no simple way to separate the technology choice issue into
discrete compartments, some dealing with micro issues and others with macro
issues, some dealing with urban issues and others dealing with rural issues,
and some dealing with public issues and other dealing with private issues.

The traditional analytical framework of economics which has private decision-
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makers in micro units (households and firms) react to an economic environment
‘set by public decision~makers at a macro level\uoea not provide an analytical
perspective for dealing with the spectrum of decision-makers who make

technology choices.

Neither does it cope with the two-way network of linkages between rural
and urban sectors and between micro and macro levels which cause the outcome
at one level to affect the environment and outcome at other levels, which
then feed back to influence the original decision-maker and the desirability
of the decision. No decision-making model exists that can accurately repre-
gsent the objectives, environment, and rules of choice which ultimately deter-
mine a society's technology. Intuitionm, experience, and sophisiticated
analytical perspective within a cohesive framework for integrating the various

pieces of the system are all that can be offered now to guide policy makers.

If the process of ''getting prices right" is not to have disastrous
short-run welfare consequences for the urban and rural poor in many third
world countries, a mew emphasis on targeted food subsidies will be essential.
The right macro pricés are essential on allocatiQe grounds. Alleviating the
distributional consequences is esgential on social, political, and human
grounds. The probelm is finding the right mix of private and public
decision-making and finding ways to rely on price signals rather than on
regulation and control to reach appropriate technological choices. In essence,
development policy must concentrate on efficient and equitable grs—th while
development projects and programs must pick up the short-run welfare burden. For

most countries this approach involves a 180-degree shift in orientation.
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Much of the rural development literature is caught in this policy-project
contradiction, partly because the categorization of policies and strategies
into bottom up or top down misses the essence of the problem. Neither
strategy can work in the absence of an appropriate setting at the other end.
Complex and strong linkages exist between micro and macro levels and between
urban and rural sectors. No single arena of choice can serve as the exclusive
or even dominant target of analysis aimed at improving technology choice and
rural welfare. A food policy perspective attempts to incorporate the entire
range by focusing on the food system from producer to consumer, wherever they

may be located and whatever the source of influence on their decisionms.

All of the policy choices that lead toward a more productive rural sector
through more appropriate choice of technology are likely to be politically
unpopular. Simultaneous design and implementation of programs to alleviate

.the worst of the impact on the poor will help somewhat, but surprisingly
1ittle when it is recognized that the poor have little political influence in
most countries. Broadening the programs to include enough of the urban
masses to ensure political support also substantially magnifies the fiscal
drag and the disincentive effects which are minimized when only the destitute
are included. At this point economic analysis can be a powerful ally of wise
policies by describing the long-run costs and benefits of various strategies
in an accurate way. However, the economic analyst can also be hopelessly
irrelevant by pointing out the efficiency of neutral fiscal transfers to
alleviate the short-run human suffering made necessary by the long-run develop-
ment strategies. Such advice encourages the formation of bad policies by
default because politicians know such jdeal solutions are impossible to imple-
mentf Designing short-run bridges across the fundamental problems is the real

golution and the role of the policy analyst.
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A SURVEY OF DEVELOPMENT THEORIES



‘ABSTRACT

In éﬁamining the evolution of development theories qnd the policy
prescriptioné associated with them, it is helpful to distinguish between
two paradigms --'the mainstream/orthodox and the political economy/
alternative paradigﬁs. Although the mainstream approach is dominant in the
~development literaturé, the political economy approach has many committed
adherants, especially in the third world, and is extremely important for
ﬁqderstanding non—capitalist development strategies. Within the former
there have been definite phases in the development of theory and policy
—— from the laissez faire emphasis on international trade to the call for

_plahned‘sfate investment for industrial development and the use of trade‘
barriers for import substitution. Recently, a new modification of the
orthodox approach has been put forward, the basic needs strategy. It
focuses on meeting'the needs of the pqorest people in the LDCs directly as

a means to promote growth with equity.

For the pblitical economy paradigm as a whole, the goal of development
ig the satisfaction of basic human physical and social needs. But political
économists generally reject the capitalist model of development, focusing on
alternative institutions and strategies. Within the political economy
paradigm the most iﬁportant debate of the post-war period has taken place
between dependency‘theorists, who blamé undefdevelopment on imperialist
; exploitation of the iDCs by the advanced countries, and their Marxist critics,
who find the causes of underdevelopment in the internal structure of the

LDCs.
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There are ceitain jessons we have learned from the development experience
of the past 30 years, and certain points cf agreement have emerged among
proponents of conflicting theories and policias. Development economists are
less optomistic than they once were. They realize they don't thoroughly
understand the process of development and can't make predictions of Sucéess
or failure. There are no éimplé formulas for development; many complex
factors contribute to the process. But development theorists and policy-makers
seem to be in agreement on a few points, including: the need to transform
the agricultural sector in the LDCs, the need to focus on human resource
development and meeting.basic needs, and the importanf role the market can

play in deVelopment.
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INTRODUCTION

Concern with economic development is certainly no new phenomenon. In

The Wealth of Nations, a book which celebrated its bicentennial along with

that of the United States, Adam Smith made it clear that his leading theme
was to be "economic development".1 That theme has continued to concern
theorists during most of the 200 years since. Therefore, in attempting to
survey the theories and strategies.of economic development, we have a
difficult and perhaps’lengthy task ahead of us. But we will try to be as

brief as poaeible.2

From the outset we should noﬁe that it %s useful to distinguish
between two broad views,‘or paradigms, of development. These are the main-
stream paradigm, or approach -- also referred to variously as the conventional,
traditional, orthodox, or neoclassical approach =—— and the political economy,
or radical, or alternative para&igm. Although the mainstream approach is
dominant in the development literature, the political economy apprbach has
many committed adherents, especially in the Third World, and is extremely

imporfant for understanding non-capitalist development strategies.
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We will discuss the mainstream paradigm and its theoretical underpinnings
first. Next we will outline the major policy proposals associated with that
paradigﬁ: the laissez-faire, planniﬁg,and growth with equity strategies.

Then we will take a look at the political economy paradigm, focusing on the
debate that surrounds dependency theory. And finally, we will offer some
concluding remarks on the lessons of the past thirty to forty years for

development theory and policy.

THE TRADITIONAL PARADIGM
Traditional economists assume that people are economically rational,
that is, they know what is in their own interest and act so as to maximize
their individual welfare. Welfare, or well-being, comes from maximum con-
sumption of individually marketable goods and services with as little effort

' Thereiore,

«nd use of resources as possible. Simply put, "more is better.'
the goal of development 1s to maximize the growth of output people want in
the most efficient manner possible —-= given the resources and technology

available.

In neoclassical economics a crucial determinant of output is the way
that inputs, or factors of production, are combined. Therefore, looking
back on the history of mainstream development economics, it is helpful to
trace the evolution of thinking on the role of the three bacic factors of

production: labor, capital, and land.

A. Labor
When Adam Smith looked at the question of economic development 200 years

ago in The Wealth of Nations, he found that labor was the key input. He
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argued that output is a function of the quantity and quality of the labor
férce. In addition, he put particular emphasis on the way labor is organized
through his famous example of the pin factory. He noted that in the factory,
one person cut the wire, another put the head on, another stuck them in the
paper, and so on. He found that the plant produced about 4,800 pins per
worker per day. But he arguéd that if each worker made the entire pin himself,
i.e., cut the wire, put the head on, stuck it in the paper, etc., he could
make only twenty pins per day. 5o Smith concluded that the key to increasing
output was specialization and division of labor. With specialized labor,

each person doing one small part of the task, far greater output is attainable.3

In thg early 18008 David Ricardo further elaborated on the benefits of
the division of labor, focusing on its jnternational manifestation, with his
famous principle of comparative advantage.a Arguing against the corn laws,
which restricted grain imports into England, Ricardo put forth a model that
showed how international specialization and trade could result in greater

total output and thus encourage growth.

Post-war thinking on the appropriate role of international trade has
gone through four basic stages: first, an outward-looking strategy emphasizing
exports of primary goods from the Third World; then import substitution;
followed by an inward-looking strategy focused on primary products; and,

finally, an export promotion model oriented toward manufactured products.

1
One of the major colonial legacies left to the Third World was

specialization of production in primary agricultural and mineral products

for export, with g.bstantial reliance on foreign investment. In the
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immediste post WWII period, that sort of outward-looking development, based

~ largely on the ideology and policy of laissez-faire, was regarded as the most
suitable for the LDCs. Foreign investment and increasing the division of
labor through internmational trade were seen as engines of growth for the

LDCs. Comparative advantage ensured that developing countries exported

raw materials and agricultural products. The foreign exchange they earmed
wovld supposedly allow them to import the capital goods they needed to develop

domestic industry.
2
However, in the late 1950s and '60s dissenting opinions were heard,

perhaps the most widely known being those originating in the UN Economic
Commission on Latin America. Raul Prebisch was the first to criticize
systematically the outward-looking, primary goods focused development

. strategy.5 He argued that the developing countries experienced deteriorating
terms of trade for their products over time and therefore constantly found
themselves in the position of having to pay for manufactured imports with

greater and greater quantities of primary exports.

Around the same time, Hans Singer argued that the LDCs should decrease
their dependence on foréign tnvestment, which he thought served to benefit
disproportionately the advanced countries to which profits were repatriated.6
These arguments bear close relation to those voiced by the dependency theorists

whom we will discuss in connection with the Political Economy paradigm.

The solution to the problem ilentified by writers such as Prebisch and
Singer was an inward-looking strategy oriented toward secondary products,

i.e., manufactures, a proiess of import substitution industrialization.
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,Impért substitution required that restrictions be placed on trade in tﬁe
form of protective tariffe and other barriers that would allow infant

manufacturing industries to develop in the LDCs.

Usually the policy of import substitution took the form of local manu-
facture of products that were previously imported for consumption of the
' well-to-do in the Third World. Because of the great inequalities
in income distribution, the primary source of market demand for prodﬁcts
other than necessities was limited to this rich minority. Therefore profit-
seeking firms found it most lucrative to produce for that market. One result .
of this pattern of consumption and production was a steady drain of foreign
exchange earnings. Factories, spare parts, intermediate inputs, and sometimes
even the raw materials had to be imported to produce modern consumer goods
for the rich. In addition, in order to ‘make capital imports cheaper, many
less developed countries tried to maintain overvalued currencies. This had

the effect of discouraging exports.

The import substitution phase often brought little transformation of the
economies of the periphery. No technological breakthrough took place in the
way most work was done. In most countries the lives of the majority of the
people were not much improved, if at all, as the result of the import sub-

stitution phase of development.

3
In response to import substitution's heavy emphasis on manufactures

and the food shortages of the early 1970s, inward-looking, primary commodity-

oriented models became popular. These focused not only on the necessity of
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directing more labor toward the production of agricultural products (especially
foodstuffs) for domestic consumption, but also on improving the quality of that
labor. In the work of such authors as Bruce Johnston and Peter Kilby, the
emphasis was placed on rural and égricultural development.7 Self-sufficiency
in food production was made an important goal, and the role of foreign trade

in development was downplayed.

4

Although the previous approaches have by no means disappeared, the
strategy of the 1970s and '80s has been export promotion, an outward-
looking scheme focusing on secondary (manufactured) producta.8 Despite the
fact that the Third World countries as a whole still depend on
primary products for over three-fourths of their total exports, the export
profiles of many LDCs have shifted markedly over the past 10-20 years.

This is partly due to government policies there, and also to the changing
orientation of foreign investment. Many development economists today see

this trend as one which Third World countries ought to foster actively.

Export promotion, especially of light manufactures, relies on the LDCs most
abundant input for labor-intensive production. At the same time, it provides
needed foreign exchange and can be carried out without recourse to such severe
protectionist measures as those required by import substitution. Countries
such as Taiwan, Korea, and Hong Kong, which have become virtual export plat-
forms for light, labor-intensive manufactures, are seen as the model for this

scheme.

However, with the current world-wide economic crisis worsening and
protectionism on the rise, the prospects for export-led growth in the LDCS

do not seem very promising at the moment . ?
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B. Capital

The second major factor of production is capital. Generally, for pro-
duction to take place, labor must work with capital goods (tools, machines,
factories, etc.), as wecll as raw materials. The Industrial Revolution was
essentially a revolution in the source of energy for production. Production
no longer.relied solely on animate energy provided by people, horses and
oxe;, but began to rely much more heavily on inanimate energy, i.e., water
power, steam, coal, petroleum, and now nuclear energy. But in ord?r to
contribute to output or be transformed into useful work, this energy must be
applied to machinery. Thus capital formation has come to occupy a central

place in orthodox theory.

To the traditional economist, physical capital consists of man-made
goods that are produced, but rather than being conspmed immediately, are
used to produce other goods. In order to produce capital goods on a larger
scale, there must be factories, so industrialization becomes the key.
Traditional economists will often go so far as to argue that development
equals industrialization, that the two processes are synonymous. Such a
claim is based on the observation that the rich countries in the world are

industrialized countries.

An emphasis on physical capital has characterized the work of a larger
number of post-war development economists. In different forms it is the
basic focus of Arthur Lewis, Paul Rosenstein-Rodan, Ragnar Nurkse, Harvey
Leiﬁenstein, Gustav Ranis, John Fei, and many others.lo They all emphasize

the key role of capital in production and argue that the problem of development
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is to build capital. Development involves using increased quantities of
capital per worker, so that the society can become more productive, and
increase output. Raising productivity relaxes the ever-present constraint

of scarcity.

1. Capital-intensive Industrialization

In the 19508 and '60s development efforts focused on capital-intensive
technology transfer for industrial development., Ragnar Nurkse and Paul
Rosenstein-Rodan argued that public investment should be aimed at acheiving
g@}gnced growth throughout the economy.11 If government undertakes invest-
meﬁt in a number of indqstries at the same'time, the growth of these industries
will proQide demand for éach other. One entrépreneur won't build a shoe
factory because the small market demand means he won't make a profit. But
if the éovernment plans investment so .that at the same time the country
builds a shoe factory, a transistor radio factory, and a bicycle factory,
there will be enough demand created so that: the firms' workers and owners can
buy each other's products. This program will allow an attack on the vicious

circle of underdevelopment.

In the late fifties Albert Herschman called for a strategy of unbalanced
growth, emphasizing that government should plan investments in those industries
having the most linkages, or connections, to other industries.12 For instance,

a shirt factory will provide demand for cotton cloth, and this will create a
demand tor raw cotton, etc. These are "packward" linkages. On the other side,
the shirt‘factory‘ﬁill create a need for retail outlets to sell shirts, a

forward linkage. If government can encourage investment in those industries with

the most linkages, investment rates will be accelerated and development will follow.
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However, any of these efforts demand large amounts of finaﬁcial capital
for the needed investments in physical capital. Funds can be generated by
injecting capital from outside in the form of foreign aid or private foreign'
investment. In addition to foreign sources, capital can come from within.
In a work that won him the Nobel Prize, W. Arthur Lewis showed how underdevelope:
countries could draw on various agricultural surpluses to get the resources

necessary tor investment.13

Lewis argued that if surplus agricultural labor is moved to the factories,
the people who are left behind can produce the same amount since the transferred
labor is essentially redundant in agriculture. In the factories, however, it
is more productive. In additiom, in the factories workers are paid a subsis-
tence wage, or a little bit above subsistence. But they will be able to pro-
duce output worth more than the subsistence wage. The surplus is kept by the
capitalists as profit. When profits are reinvested, more capital is create&,
which leads to more growth, and so the process of development is stimulated.

As development proceeds, the capitalist will invest and employ more workers,
and income will increase. It is assumed that in the process of growth, income
will eventually trickle down to all segments of society. This is a "grow now,

trickle later approach".

2. Labor-intensive Industrialization

During the period dominated by the approach to development «+hich focused
on capital intensive industrialization, per capita incomes in the LDCs rose
very rapidly. Overall growth rates were much higher than those estimated for

England during the Industrial Revolution -- many less developed countries
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doubled that rate during the 1950s and '60s, and some even tripled it. But
there were a number of other economic trends which were much less positive.
In the areas of ungmployment. income distribution and absolute poverty the
experience‘ofvgrowth apparently benefited the poor little, and there are

some indications that their situatio. eteriorated over the period.

As a resulf, it has been recognized that simple concentration on growth
and capital-intensive industry is not enough.'- Alternative strategies for
investment have been proposed which would direct fun&s to labor-intensive
industry and encourage the use of so-called intermediate, or "appropriate,"
technology. Employment generation has become a concern in itself. It is
no longer assumed that growth will automatically provide employment for the

growing populations of the less developed countries.

There has been widespread criticism of overvalued exchange rates in the
1LDC8, which created a bias toward more capital-intensive production by
making imported capital goods cheaper for LDC producers. This aggravated
the problgms of unemployment and underdevelopment. Therefore, the LDCs
are being urged to "get prices right" and allow the market to decide the

rate of exchange for their currencies.

And finally, the human capital approach to employment has been applied
to the underdeveloped countfies. It is argued that LDCs should spend more
on human resource 'development, in order to provide an adequate labor force

to support labor-intensive indﬂétrial development.
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C. - Land

Ever since the emergence of economics as a discipline, land has been
given great importance as a factor of production. In fact, the Physiocrats
believed' that only agricultural 1abor was productive and referred to classes

other than agricultural producers as sterile.l4

1

Treating land as a scarce factor of production, David Ricardo
developed a model of diminishing returns in agriculture that was a precursor
to modern marginalist analysis.15 Ricardo argued that as population grew
capitalist farmers would be forced to produce on less and less productive
lands, thus enabling the oﬁners of the more fertile properties to charge
higher and higher rents. He believed that eventually tbose high rents
would act as a barrier to further accumﬁiétion, and rconcmic growth would
reach a plateau. Ricardo used his model to justify the role of the capitalist
against that df the landlord. He foresaw that capiﬁalist development required
the repeal of laws (like the corn laws) that benefitted the landlords and
hurt the capitalist class. Even today in Third World countries development
of the agricultural sector is often held back by constraints imposed by the
iandlord class, which receives a large share of thz surplus and often uses

' 41t unproductively.

. 2
Until recently it was thought that agriculture had a less important

rolé to play in economic development than industry. A. K. Sen, for example,
argued that since agriculture was subject to diminishing returns (as Ricardo
"had shown) ,- thén development straFegies should concentrate on encouraging

the growth of industry.16 For Sen, agriculture was a residual sector.
Howe&er, lack of development in the agricultural sector proved to be a serious

" pottleneck for many developing countries.
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Since World War II the strategies for development of the agricultural
sector have been of for baéic types. The first and earliest concentrated on
e#panding agricultural output thzougnh intensive and extensive cultivation.
Thié transformation scheme called for the use of capital-intensive technology

on large land holdings.

The second approach, sometimes referred to as the focal point approach,
introduces agricultural improvements through those local farmers who appear
to be predisposed to accept them. Extension services work with the more
progressive farmers and teach them how to use new techniques which will then

"etrickle down," or be generalized, when their effectiveness has been demonstrated.

During the 1960s agricultural development was organized with the use of
new seeds, fertilizers, herbicides and irrigation -- the Green Revolution |
began. The results were a dramatic success; agricultural output in the LDCs
doubled during the period 1950-1975. But many economists argue that 1f ther:
is agricultural development only, as in the Green Revolution, the rich will
reap the benefits, for they can take advantage of the new technology and can
afford the new seeds and tertilizer. This simply widens the gap Between the

rich and the poor.

Tihe failure of the Green Revolution to bring about equitable development
"has given rise to the agricultural strategy advocated by Johnston and Kilby,
known aa‘the transformation strategy.17 It calls for the structural trans-
formation of the entire society with agriculture leading the way. This is
a reversal 6f ﬁhe traditional emphasis on industry as the leading sector.
The transformationists are balanced growth advocates -- calling for balance

between industry and agriculture.
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At present, productivity is very low in the agricultural sector of most
LDCs. Several reasons have been given for this:

1. Peasants are satisfied with their way of life and do not want
t. give up their independence

2. The LDC's IT?k productive technology and a method to extend it
to farmers *°

3. The problem is lack of security on the part of the peasants
and units of production that are not efficient, e.g. lati-
fundia or mini-fundia. The necessary pre-requisite is land
reform

4. Faillure to offer fair prices for agricultural products provides
farmers with little incentive to produce more

5. New technology is too expensive and too risky, and farmers
are risk-averse

6. Farmers lack various inputs, such as credit, seed, trans-
portation, fertilizer, water, tools, etc

7. Markets are either inaccessible or otherwise inadequate and
there is little to buy in rural areas, SO there is nothing
to spend extra money om
All of the above missing factors must be provided for successful transformation,
depending on the particular country and its most important problems. Special

emphasis is placed on new and significantly more productive technology of a

biological kind -- seeds, fertilizer, etc.

There are many benefits to be derived from the transformation of the
agricultural sector. It will cheapen the costs of food and fibers and thus
allow industrial wages to be low and keep profits up. It will generate goods
which can be exported inorder to earn foreign exchange for necessary imports
of energy, raw materials, capital goods, fertilizer, etc. Agricultural
transformation 1s required to soak up the excess workers in the rural sector,

stem the tide of migrants to cities, meet the basic needs of the poor quickly,
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bring about more equitab;e income distribution, and develop job skills among
.the‘rural éopulation that can be used in industry. Another result is an
increase in the size of the market for domes;ically produced industrial goods,
‘particularly labor-intensive goodé. And finally, it leads to a dispersed
development of many small towns and c;ties rather than concentrating dzvelop-
ment in "ne capital city. For all thése reasons agricultural transformation
is the key to a development policy aimed at achieving both economic growth

and equity.
' DEVELOPMENT STRATEGIES

A. Laissez-Faire

The development strategy advocated by Adam Smith, one of the oldest
development strategies, is also one of the newest. At the time of Adam
'Smith, and through his influence, the économic policy of government was
clearly specified: hands off; laissez-faire. Ronald Reagan echoed these
sentlments at Cancun, Mexico when he called on the LDCS to rely on the
"magic of the marketplace ," encourage the private sector, and minimize
government interference in their economies in order to stimulate growth

and development.

As we saw earlier, capital is considered the key factcr of production by
the mainstream economists. It is argued that in order to build capital, a
society has to save; it has to foregoconsumption today and invest in steel
mills, power plants, textile mills, etc. According to orthodox theory, these
necessary savings in poor countries should be provided by the local capitalists.
The capitalists will save, reinvest, and produce more capital; this will lead to

further industrialization, and to further transformation of energy into output.
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Until the late 1950s and '60s .the conventional wisdom held that in
order to encourage capitalists to invest, Third World governments had only to
p;ovidé a suitable business climate. That meant that the government should
be responsible for national defense, maintaining law and order (protecting
private property in particular) and providing a stable monetary and credit
system. If government does just these things and leaves businessmen/entre-
preneurs alone, the ingtitutions emphas#zed by Adam Smith will work. In
particular, the government should avoid taxing entrepreneurs too heavily,
for their savings might be discouraged. The entrepreneurs will bring resources
together in order to make profits, and developmenﬁ will take place as they
reinvest their profits and output expands. According to the mainstream
economists, England developed in this way, as did the United States. This is
the orthodox parable, the lesson which shodid be learned by the underdeveloped

countries.

B, Planning

The post-war period raised a challenge to this view. If development
occurs in this fashion, why haven't the underdeveloped countries developed?
This question stimulated a search for a strategy to overcome the obstacles
of missing factors, low level equilibrium, and low growth rates. By the mid
1950s, some development theorists began to have doubts. They began to wonder
if everything was going to turn out right just by letting time pass. Many
became pessimistic and lost confidence in laissez-faire, since it had

obviously not worked.
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Economists pointed to the low level equilibrium of underdevelopment,
instances of market failure in the LDCs (due to external economies that,
could not be captured by private enterpreneurs), and the lack of social
overhead capital in order to argue for the necessity of government inter-
vention. To overcome these problems, which were seen as the reason for the
failure of laissez-faire development, a new strategy was suggested: plannec
capitalism. If the market won't do it alonme, the government must golve

the problem.

The planning strategy was concerned almost exclusively with industrial
development. From the beginning it was linked to import substitution policy.
However, little attention was paid to the pattern of income distribution that
was fostered by rapid industrial development. Rather than worrying initially
about income distribution in a poor country where the only thing to distribute
is poverty, the strategy was to'plan and grow first. It was argued that the

gsociety could redistribute later if it didn't happen'naturally.

C. Growth with Equity

Despite all of its success in raising rates of growth of GNP, the planning
strategy of economic development has come under criticism for its failures:
continued unemployment, growth in income inequality within and across nations,
increases in absolute poverty, etc. Concern with these problems has stimulated

a new modification of erthodoxy, the growth with equity approach.

The genesis of the new approach is a reexamination of mainstream
views carried out by writers who had previously been strong exponents of
planning. Be; nning in the late 1960s with the work of James

Grant at the Overseas Development Council, Ted Owens at the U.S. Agency for
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International Development, the House Committee on International Relations,
etCey 8 catalogue of failures of thie accepted approach was begunj and in the

period since then we have seen a variety of other failings cited.

One common theme runs through the noted failures of the planning approach,
and this is that the distribution of benefifs in the process of development have
gsuch as to benefit the poor 1ittle, if at all. Such a result offends any sense 0O
justice, since it is the poor who face most directly the problem of basic
survival. As might be expected, however, the traditional approach has not
been abandoned, but a series of alternative strategies have recently been
developed to attack its failures. It should be noted that these new strategies

are emerging amidst continued criticism both from within and without.

All of the growth with equity approaches have certain aspects in common.
All spring from a conviction that the traditional reliance on growth of GNP
will not benefit the poor in today's less developed countries,or won't benefit
them quickly enough. Proponents are convinced that the LDCS can improve
standards of 1living and equity without social revolution, and they cite
Taiwan, Korea, Hong Kong, Israel, Japan, Singapore, Ivory Coast, Costa Rica,

and Sri Lanka as examplea of countries where this has happened.

Another common factor is their implicit assumption that most people in
the poor countries, including the peasants, will respond to economic opportuniti
and market incentives. And finally, these theorists all give considerable
emphasis to social and political variables in achieving growth and equity.
They argue that one of the crucial limitations of past approaches was their
narrow focus on simple economic factors -- land, labor and capital -- to the

exclusion of political, social and cultural factors.
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Writers such as Jim Grant, Paul Streeten, and Mahbub Ul Haq have called
for a direct attack on rural poverty that would immediately improve the quality
of 1ife in the LDCS by meeting basic human needs directiy.z1 Irma Adelman
proposed increased investment in human resource development. Recently such
an approach has again been given serious attention; the 1980 World Development
Report of the World Bank stresses the importance of human resource development
in the LDCs and indicated that expenditures on basic needs and so-called
"gocial" developme it can have long-term productive effects, not just immediate
consumption impacts.22 Such findings go against the grain of a thirty-year
legacy in development theory that directed governments to put money into
industrial investment and minimize the amount of money intended for recurrent

expenditures, like education.

Advocates of growth with equity strategies generally favor a labor-
intensive industrialization policy. They coatend that capital-intensive
technology created little employment, and then only for a local elite.
Income from production went to capital owners and thereby exacerbated the
unequal income distribution in those countries. E. F. Schumacher and his
Intermediate Technology group proposed that concerted efforts be made to
develop intermediate or appropriate technologies which could be incorporated
in the development efforts of all countriea.2$ Schumacher's case is a very
strong one in favor of a technology which improves labor productivity, uses
local resources, minimizes the use of non-renewable resouices, and produces
goods intended for local markets. It is in essence small-scale, self-help

development.
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The International Labor Organization (ILO) also designed an employment
generation scheme based on encouragement of production in the informal sector
of LDC economies.24 The informal sector is largely composed of petty traders,
retailers, artisans, etc., that actually have substantial entrepreneurail

ability but lack capital.

Along the same lines, Hollis Chenery has argued that public investment
should be oriented away from large-scale,centralized projects toward projects
that directly benefit the poor, such as education, credit access and publiic
facilities.2d Although this "trickle up" approach may further equity at the
expense of growth in the short run, Chenery believes it will expand employment
opportunities and in the long run the increased productivity and income it

gives the poor will help raise the incomes of all members of the socilety.

Land reform is also cited as a necessary pre~condition for equitable
growth -~ although it is an interim strategy.26 Ultimately, many people
will move to cities and large farms will absorb small farms. Along with
agricultural transformation, labor-intensive industry must develop also.
Otherwise, there would be inadequate demand for the increased agricultural
production. Also, agricultural transformation depends on inputs which can
be supplied by labor-intensive domestic industry. It is a symbilotic process,
and a long~term process. Taiwan and Korea are often cited as countries which
achieved such structural transformation. Both have had rapid growth accompanied

by a remarkable degree of income equality.

There 1is evidence that shows small farms to be more efficient in the use
of land and inputs than large farms. In addition, ownership of land determines

income distribution, and income distribution determines the pattern of demand.
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A‘éﬁnll farmers demand labor-intensive goods. Thus, land reform leads to a
more labor-intensive industrialization. Since small farms use more labor

than large farms, they help ‘to absorb the growth in the labor force that

cannot be handled by industry, particularly in early stages of development.

And finally, political stability is enhanced by widespread land ownership,
relatively equal income distribution, and meeting the basic needs of the masses
of people. Therefore, the growth with equity strategy has focused a great

deal of attention on agricultural and rural development strategies.27

THE POLITICAL ECONOMY PARADIGM

The second general paradigm in post-war development theory we will call
the political economy, or alternately radical or non-conventional paradigm.
This approach begins with Marx and includes Marxists such as Lenin, Mao, Paul
Baran and Samir Amin.28 It also includes the dependency school of writers
such as Andre Gunder Frank and the Latin Americans, Celso Furta&o, Osvaldo
Sunkel, and Teotonio Dos Santos.29 Finally, in this category, we also place
the liberationists such as Ivan Illich, Denis Goulet, and Paolo Freire whom

we only mention here for lack of space.3°

Even though we may ﬁot 1ike it here in the U.S., it is a fact that
Marxism is the most pervasive political, ideological, and philosophical
element of the post-war perfod. Almost all revolutionary movements of the
20th Century have been in some way related to Marxism. It has even sneaked
its way into development literature. Within the political economy paradigm
the most important debate of the post-war period has taken pl#ce between
Dependency Theorists (whether Marxist or not) and their Marxist critics,

such as Bill Harren.31 » Indeed, this debate has prompted Dudley Seers to
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assert that there 1s a certain congruence between Marxist and neoclassical
development atrategiesl32 We do not agree with this characterizationm, however,
and thﬁt is why we continue to categorize the development literature in terms

of mainstream and political economy paradigms.

A. Dependency Theory vs. Marxist Critics

An important component of the political economy approach is its focus
on the historical experience of the underdeveloped countriss, and in partic-
ular on the analysis of their relationship with the developed capitalist
countries in the context of imperialism. The dependengy theorists, or
dependentistas as they are also called, argue that imperialism prevented
successful capitalist development in the LDCs created dependence and under-
development, and that the international capitalist system continues to block

development of the underdeveluped countries today.

Dependency theorists agree that development in Brazil, for example, is
much like it was in Europe, in certain respects. In both, income inequality
increased with growth; in both, unemployment increased; in both, capitalists
controlled the social surplus; and in both cases there was no income re-

distribution during the initial process of industrialization.

But dependency theorists argue that there are crucial differences which
mean that capitalist development will not ultimately succeed today and that the
difficulties of those countries which are following the traditional approach
are not surprising. In the developing countries of today new goods are im-
ported, rather than being produced domestically; the technology is also

foreign, and its capital-labor ratio is inappropriate; production units in
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the poor countries are monopolies or ngqpolies, not ‘competitive firms aéh

in England, and this41eada t& ;iower'g¥qéthlgnd more coqcentration; unemploy-
ment today is much greater thaﬁ\it,;#s in ﬁﬁe Eu;péean case because of the
population explosion; moast of today's developed countries were never colonies,
and so were able to take advantage of the international econdmy rather than
being victimized by it; and finally, in the eighteenth and nineteenth centurié;
the developed countries didn't have a socialist alternative, while the

underdeveloped countries of today do.

The dependentistas, especially those of the Monthly Review School (such

as Andre Gunder Frank, Paul Baran, Harry Magdoff and Samir Aﬁin), argue that
the LDC's remain backward because a large portion of their surplus product

is siphoned off by foreign capital, rather than being reinvested as it would
be in the absence of foreign control over industry. The work of these writers
highlights the fact that the LDCs are dependent on foreign capital for
technology, management, markets for exports, financing, etc. This dependence
guarantees that the surplus produced in the LDCs will flow to the developed
countries in the form of license payments, royalties, repatriated profits,
interest, and terms of trade that are unfavorable to the LDCs leaving them

perpetually impoverished.

The Marxist critics of dependency theory, however, hold that imperialism
was a progressive force in the underdeveloped countries because it broke down
traditional soclieties and began the process of capitalist development. The
Marxist critique of dependency theory has several major aspects. First,
dependency theory is attacked on empirical grounds. It is argued that some

Third World countries are developing and becoming industrialized.
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These Marxists view dependency theory as superficial and circular.
They say that dependency theory presupposes what it seeks to explain.
;he Dependentistas simply start with developed and underdeveloped countries
and then argue that the presence of the former has made, and still makes

it impossible for the latter to develop.

The non-dependency Marxists argue that some underdeveloped countries are
experiencing successful capitalists development today and those that aren't
~are blocked by domestic factors, rather than by the international economy..n
\ﬁriters such as Bill Warren, John Weeks and Elizabeth Dore, and Geoffrey Kay
argue that the causes of underdevelopment are internal -- they are related to
.the stagnant nature of tne_pocial structure in the LDCS, especially in the
rural sector.33 This argument implies that in order for capitalist development
&to proceed in the LDCs, those count;ieé‘will have to pay the sape social cost .

‘most diveloped capitalist countries have paid. They will have experience a

- . N TN
" violent, wrenching social transformatioa of their agricultural sectors.

B. Policy Issues

For the political economy paradigm as a whole, the basic goal of development
is defined as the provision for basic needs and the satisfaction of social needs.
3‘Since the institutional strnctures and technology in the underdeveloped countries
hamper the attainment of thet goal, they must be changed. There 18 a wide
variety of approaches to such institutional change, ranging from eleccoral
politics (the oventhrow of Allende has virtually discredited this approach) to
violenc revolution. In addition, there are a variety of forms the fesultant
society might take: a highly decentralized socialist confederation, a grouping of

worker managed firms and enterprises, or a democratic state socialism. The exact

form must emerge from the experience and desires of given populations.
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Most political economists reject the institutions which the traditional
paradigm posits, seeing in them the result of a process of inderdevelopment
and a mechanism which blocks 1iberation. Many argue that capitalist develop-
ment in underdeveloped countries is problematical today, that LDCs cannot
follow the paths the United States.or the United Kingdom followed, and that
new institutions are needed instead. Thus, political economists generally
reject the capitaiist model of development. They would focus their attention
on alternative institutions and strategles. Alternatives thch impress many
political economists are the socialist models being developed in China, Cuba,

Vietnam, Tanzania, Mozambique, and Nicaragua.

Mb§t>political economy strategies call for a diminished role for markets
in allggaﬁibn of resources, determination of production levels, and distribution.
Central planning is needed to allocate the factors -of produgtion, i.e., to
allocate the land, labor, and capital, and to direct the social surplus into
productive investments which meet people's basic needs. This is not the
planning in a gemi-capitalist economy which many consider basically a front
for ruiiﬁg class desires. Rather, it 1s planning which will generate the
'b¢51c material goods to satisfy society's needs. China, for example, has
gombined central planning for the overall operation of the ecomomy with

dedehtralized and self-relient activity in many areas.34

CONCLUSIONS
In preparation for this paper, we reviewed the development literature
that was published during the pericd 1975-1982. We were struck L, how empty,
jgﬁ(#grivial, how insignificant the literature geemed. There was nothing to

>be§iﬁ'to rival the essays by Lewis, Nurkse, Hirschman, Prebisch, or Baran
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of thirty years ago. In fact, the most notable essays of this recent period
.were by two authors of the earlier period, Lewis and Hirschman, and these
articles reflected a growing sense of pessimism about development theory and

development policy.

Iﬁ an essay based on his Nobel Prize speech, Arthur Lewis argued that
the world economy is slowing down, following the unprecedented growth of the
vﬁeriod from 1950 to 1973.35 The implications for the less developed countries
are ominous, in Lewis's view. He believes that the long-term slowdown in the
grow;h of world trade will lead to a severe decline in growth of output in
the.less developed countries and this probably cannot ve compensated for by

trade with other LDCs. So, the outlook for continued LDv growth is grim indeed.

The other essay, a plece by Albert Hirschman, eatitled, 'rfhe Rise and
Decline of Development Economics", is, if possible, even more pessimistic.36
Hirschman exposes the naiveté of the 1950s and 19608 =-- the shared optimism
that the Marshall Plan experience in Europe could be repeated in the LDCs

All that was needed was a large enough injection of foreign capital (both
public and private) and national planning to rationalize LDC economies. It

was a positive-sum-game -~ DCs and LDCs would both benefit, and all classes

in the LDCs would benefit from development. Laissez-faire economists disagreed
ﬁith thase solutions but were equally optimistic that market forces and

international trade could be unleashed to bring about rapid transformation

of the LDCs economles,

The Marxist vision was also one of progress. In the preface to 'the first

German edition of Capital, Marx wrote, “the country that is morc developed

indusf:’rially only shows, to the less developed, the image of its own future",37
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Even dependency theorists, such as Andre Gunder Frank, who called:fﬁf socialist
revolution in the Third World as the only means to development, have been

disappointed.

That early optimism -- that naive optimism is gone. We have seen the
Khmer Rouge, quoting Marx and mouthing socialist rhetoric, exterminate millions
of their fellow human beings. We have learned that totalitarianism and fascism
are just as likely tc succeed capitalism as is socialism. The decline of the
British economy has challenged the dependency theorists' argument that the center
constantly expands at the expense of the periphery, and we now search for a
development theory that explains both the rise and decline of countries. So the
radicals are no longer quite so optimistic. Development is not a uni-linear,

unidirectional process.

The laissez-faire economists have seen their theory most successfuily
applied by a bloody dictatorship in Chile which came to power by overthrowing
the constitution, killing the elected president, denying basic civil rights
to thousands of people, and causing great human guffering. And the countries
planners point to with pride, such as Korea and Taiwan, are the same
countries Amnesty International accuses of being flagrant violators of human
rights. Théee early success stories, Pakistan and Iran, turned into economic,
political, and social disasters betore the planners' very eyes. Of course,
this_:ecounting leaves out the atrocities of events in such trouble spots as

Uganda, ‘the Central Africsn Empire, Lebanon, Argentina, and El Salvador.

Today, the world economy teeters on the brink of another Great Depression. All
the ingredients are @pere, but one. Avfiﬂangial panic may be all that is needed
to turn this decadé;lopé"éihgflation int6<§nother world-wide depression like

the one in the 19308,
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At the same time, nuclear war seems more likely than ever. The world
has become a global arsemal -~ bristling with missles and bombers. The U.sS.
and the U.S.S.R. both have need of Middle East oil and are now in a conflict
situation in which their fundamental national security is at stake for the
first time -~ unlike the conflicts in Berlin, Cuba, or Vietnam. The issue

is there, the weapons are poised, and we wait for the spark.

The ecological crisis and the world populatior explosion add to our
feelings of imminent doom. Paraphrasing Woody Allen, Mankind is at a cross-
roads. One road leads to despair and utter hopelessness. The other road

leads to total destruction. May we have the wisdom to make the right choice.

A. Lessons of the Post-War Period

Thus, development economists are more pessimistic and more humble than
they were 30 years ago. We now realize that we Jo not really understand the
process of development. We do not have one overall theory that explains why
some countries develop while others do not. In 1955, no one would have pre-
dicted that Korea would be a great economic success story twenty-five years
later, and no one would have predicted that the Iranian economy would be in
shambles today. We simply cannot predict when or where development is going

to take place.

The OPEC experience has taught us that transfers of foreign resources
do not necessarily bring about development, nor do they necessarily benefit
the poor. Many of the oil exporting countries are following the examples of
Spain and Portugal in the 16th century. The Iberian countries were the
original looters and plunderers of the Third World, and they brought home

great quantities of gold and silver. But they are now the least developed

38


http:choice.38

77

capitalist countries in Europe. They achieved great wealth and by virtue of
_this wealth, they were impoverished. So, although we need a new international
economic order (NIEO) -- because the present one is not working in‘the interest
of the poor and working people in either the developed or less developed
countries -- a transfer of resources to LDCs through NIEO would not necessarily

lead to development or improvements in 1living standards for the poor.

We have also learned that the expansion of trade is neither a necessary
nor sufficient stimulus to economic development, as the 16th century lessons
of Spain and Portugal should have taught us long ago. Expansion of the market
can stimulate development if the necessary institutions for capitalist
development are already in place. Capitalist development requires 2 labor force
that is divorced from the means of subsistence and must sell its ability to
work in ﬁhe labor market and buy its necessities in the coumodity mprket, and
a class of capitalists that owns and controls the means of production.
Trade expansion can rigidify feudal and other pre-capitalist relations of pro-

duction, as it seems to have done in parts of Latin America.

It seems that the international capitalist system requires a
hegemonic power —-- one country to make the rules and enforce them. When
Britain lost that capacity after WWI, the world was thrown into a crisis
that producad the Great Depression. The U.S. has now lost the capacity to
run the international capitalist system and we are in the midst of a new
period of crisis and decline. However, we cannot be entirely sure of the
direction of causation here. Perhaps it was the crises themselves that brought
on the decline of the UK and the US, or the two events may have occurred ésnf
currently, re-enforcing each other. In any event, the result in both cases was

a dramatic reversal of the rapid growth process previously underway.
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We have recently observed the crucial importance of religion. Iranm,
Pakistan, Brazil, Poland, and El Salvador are all striking examples of the
power of religion to shape political and economic struggles. Yet no economic
development text with which we are familiar deals with the role of religion
in development beyond a cursory mention of Weber's thesis on the relationship

between Protestantism and the rvise of capitalism in Europe.

The fact that we ignored religion was symptomatic of the hegemoney of
economists and economic ideas in shaping the thinking about developing in
the postwar period. All political and social values were subordinated to the
value of economic efficiency and economic growth. The LDCs were set out
like wind-up toys to march through the stages of development, if they only

saved and invested in the approved manner.39

B. Agreement on Development

Looking at the recent work in the field, it is possible to say that
development economists have arrived at four main points of agreement over
the last 30 years of successes and failures. First, the need to tiansform
the agricultural s-ctor as a pre-condition for successful development is
almost universally accepted. However, there is still appalling ignorance
about how to transform the agricultural sector. So despite a world-wide glut
of industrial output, the LDCs and international aid agencies continue to
concentrate on building industry. It would seem that agricultural transfor-
mation is beyond us. 0ddly enough both political economists and more tradition
econpmists now agree on the fundamental importance of the agricultural sector.
The old capital intensive, industrial-based development strategy has been con-
- siderably Qodified.by both camps. There is a widely recognized need for

gtructural transformation that includes both industry and agriculture.
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Second, fhefeAseems to be widespread agreement amongst most develop-
mentalists on the need for directing development programs toward meeting the
 basic needs of the poorest in the LDCs. Conservatives and revolutionaries
alike can agree that it is difficult to provide an able workforce when people

are undernourished and suffering from disease.

\ third major point of agreement centers on the importance of markets
and the need to use them along with development planning. The conservative's
dream is, of course, to turn everything over to the market, but even those
painstream development economists who had relied heavily on the planuing
strategy are now realizing that, in numerous cases, markets (an handle al-
location and distribution more efficiently than governments. A recent
World Bank study by Eliott Berg highlighted the many failures of development
schemes in Africa that resulted from government attempts to control all

economic variables without the use of markets.4°

And now, even socialist economists are advising LDCs to rely more on
markets, to speed their development by using a sort of NEP (New Economic
Program) model. China, Vietnam, and even Cuba are reversing former policies
and relying more on markets. Countries like Nicaragua, which has a soclalist
leadership, are committed to encouraging private investment and are nation-

alizing only a limited part of their economies.

Fourth, along similar lines, Marxists, and even some political economists
we would label dependentistas, are beginning to take a more "pragmatic" stance
with respect to the role of multinational corporation in fostering industrial
growth in the LDCs. They argue that the LDCS can bargain with MNCs in order

to improve the terms of foreign investment and can benefit by it. Of course,
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this has always been the position of most orthodox economists. And Marxists
like Bill Warren have argued all along that the MNCs are the primary force
for the development of capitalist social relations in the LDCs. Where
socialist revolutions have taken place recentiy, it is now common to hear
leftists call for nationalization only of the "commanding heights" of the
economy and to 2ncourage private investment by both domestic and foreign

capital.

Whether these new points of agreement among development economists will
prove useful to the LDCs remains to be seen. We can only hope that the lessons
of the past thirty years will be assimilated. Maybe then the people of the
world, confronted by that choice between despair and total destruction, will

have the wisdom to make the right choice.
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POLICY OPTIONS FOR RURAL DEVELOPMENT



ABSTRACT

Rural Development policies stressing technological change are often
sources of conflict. The objective of this paper is to review a number of

such policies.

In spite of éast efforts and progress, the agricultural sectors of
less developed countries continue to present challenges which, to be met,
will require new ideas, the revision of old ones and above :Al, the concerted
efforts of national and international agencies and disciplines. Among the
reasons for unfulfilled expectations are unrealistic goals, and conflicting
policies and objectives. Such conflicts have been identified at the sector

level, at the national level, and over time.

To set an appropriate stage for policy review, it is assumed that
development objectives can be ranked at the national level, and ghpt:they
are compatible with priorities of individual decision makers at the f;rm
level. Policy options for rural development are then discussed underf

technological change, and institutional and infrastructural support.

Such important issues as the divisibility of technology and the factors
affecting technology adoption are reviewed. Caution is suggested regarding
attenpts to substitute governmental institutions for mar..et mechanisms, or
stifle private initiative with unwieldy bureacracy. Subsequently, policy
problems are attacked at the sector level (for example, land reform) and
at the national level (for exampie, fiscal and mohetary policies) Finally,
before presenting a research strategy for rural development, social and
economic infrastructure issues are incorporated, implicitly acknowledging

the need for an integrated approach to development.
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G. Joachim Elterich and Harry E. Brautigam
Department of Agricultural and Food Economics
University of Delaware, Newark, Delaware

INTRODUCTION

The less developed countries are facing increasing challenges and.barriers
to their efforts at development. To traditional constraints must now be added
those derived from variables and uncertainties appearing during the last decade
or so, noncyclical in nature. Increased energy costs, unstable international
commodity prices and increased cost of- capital are only some of the external
factors partly responsible for aggravating the problems of developing countries
(DC). Internally, many poorer countries continue to be subject to structural
problems and vexing policy inadequacies particularly affecting agriculture,
but touching other sectors as well. Emperical studies have concluded that
"the agricultural sector in developing countries is often heavily taxed,

consequently production is discouraged while consumption is subsidized ...l

Recent World Bank datas show that the GNP average annual growth rate for
all developing nations decreased from 3.5 to 2.7 percent between 1960~70 and

1970—79.2 The annual rate of growth of the value of agricultural output

lErnest Lutz and Pasquale L. Scandizzo. "price Distortions in
. Developing Countries: A Bias Against Agriculture," The World Bank.

2upccelerated Development of Sub-Saharan Africa: An Agenda for Action.”
The World Bank, p. 3.
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(constaat 1970 dollars) in poorer countries decreased from 2.5 to 2.0 percent,
and in more advanced, less developed countries from 3.6 to 3.0 percent.
Moreover, it is significant that agriculture's share of the GDP in poorer DC
declined from 51 percent im 1960 to 34 percent in 1979; while the agricultural

labor force only declined from 76 percent to 71 percent during the same period.3

These few figures indicate the megnitude of the problem, particularly
when we remember that over 2.3 billion people now populate the poorer e,
and that over 70 percent depend directly and indirectly on agriculture for

their 1ivelihood (World Bank, Table 20).

Development would be gelf-defeating if separated from its ultimate
beneficiaries. Therefore, present conditions and challenges warrant revising
DC internal policies, strategies and probably new approaches to development,
in order to improve the lot of rural people and foster economic growth. The
choice of a development strategy is critical. Policy makers should be aware
that in certain circumstances greater economic and social advantages could
result from a rural-led employment-oriented strategy (Mellor, pp. 269-294)
than from an urban capital-oriented one. Most countries seem to have opted

for the latter over the last two decades.

This paper will review problems of agricultural policy in DC, stress
technological progress, institutional, infrastructural and demographic settings,
and finally explore avenues of research. In attempting to present some
policy options and their implications for rural development, generalizations
have been made that might not apply in specific circumstances. However, the
objective was not to survey all policy options and implications, but to

review those that impact an agricultural technical change.

3The World Bank 1981 Development Indicators, Tables 2, 3, and 19.
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POLICY BASIS

Before surveying policy options and instruments, several basic questions

must be addressed by policy makers.

It is generally accepted that agricultural transformation benefits society
in geveral ways. Technological change makes relatively cheap food possible and
allows industrial wages to remain low. Profits from increased exports help pay
for imports. Mbré rural residents are employed, not just in farming but also
in emerging prosperous smull industries. This, it is hored, retards
miération to urban centers, and improves income distribution and size of
domestic markets. However, to accomplish orderly agricultural transformation,

some or all of the policies discussed should be in place.

Experiences from the field (in this case Subsaharan Africa, although many .
other examples can be cited) indicate that governmental policies are usually
urban and industry biased.4 This generally results in iow food prices and
few incentives for producers and traders of agricultural staples; in unstable
markets partially due to a deficient infrastructure and institutions; in a
shortage of administrative, extension, teaching and research capacities; and
in a lack of coordination among institutions, agencles and the private and
public sectors. Because of blas or lack of uvlear agricultural policies, it
is not unusual for private and public sector agencies to distrust each other,

and for conflict to exist even vithin public sector institutions.

There are obvious advantages when each political unit can establish
objectives and rank priorities, regardless of whether the economy is: market

oriented or centrally planned. While options are different under capitalistic

4Elterich and Daves (1978), Daves and Elterich (1978), Elterich and
Nicolson (1978).
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and socialistic regimes, traac-=£Z Jdecisions——among sectors, time periods,
population segments or regions--still must be made. In societies with skewed
resource ownerghip, redistribution might be desirable. However, under
immediate pressures of solving equity consideration, short run and loag run

policies often clash. This should be avoided.

Disparities among sectors, regions and population segments, as well as

structural problems, can only be ameliorated in the long rum and require the

concerted effort of disciplines (social and hard sciences) and institutions.
Convincing evidence suggests that integrated efforts are seldom made to

achieve a set of stated objectives among disciplines, institutions and

donors. Technological changes may necessitate institutional changes and

vice versa, but may not always occur in the right form or place at the right
time. Agricultural policy for DC should recognize farms as decision-making
units, in which production~consumption-investment (savings), family size and
labor allocation (on and off the farm) are closely interrelated (cif. Beausoleil
Robbins, this volume). Therefore, an interdisciplinary approach to the househol
farm operation is warranted. Policy makers should also recognize that they
intend to benefit, not homogenous, but highly heterogenous production units.

The specific characteristics of these units must be known, and policies

formulated to achieve positive results.

Similarly, it is worth remembering that effective policies require
individual decision makers to perceive national objectives as compatible
with their own. Experience has shown that discrepancies or incompatible

objectives lead to unfulfilled goals, waste and frustration. Equally
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important is the need to identify the tecimique and level'of technology
necessary to achieve an objective. Within different technological levels,
more capital- or labor-intensive techniques may be appropriate and available.
Thus, an objective .of increasing rural employment would be best met by

labor-intensive rather than capital-intensive means.

Policy Options

What follows is intended to show that the rate of technological change
in agriculture zan be affected by a broad range of policies. Macro-economic
policies can impact positively or negatively, as can more specific policies,
such as those involving credit or pricing. The issue, therefore, is that
policy makers muet be mére aware of existing interrelationships among policies.
In some instances, whethev policies are contradictory or complementary can be

determined only in-situ, thus the responsibility of researchers.

Technological Change

Technological change and evolving farming systems must fit agroclimatic
as well as socloeconomic conditions. This implies that research in these
fields should be coordinated and integrated before any widespread diffusion
efforts are made. Recommended techniques will more likely be effective if
the new technology indeed uses relatively abundant resources and saves
relatively scarce ones. Land~augmenting technologies (hybrids, water control,
fertilization and chemicals) can require labor,even when combined with
gelective mechanization (Yudelman, et al., pp. 90-100). Complete or large-
scale mechanization is inappropriate for economies with a surplus of labor
and a shortage of capital, because it depresses employment and consumes

capital. (Yudelman, et at., pp. 79, 89). Therefore,adoption should not be
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perceived as an all or nothing proposition. Instead, cumulative, sequential
progress should be facilitated so that poorer small-holders will be convinced
of the benefits of a change-over. Required production factors should only be
imported if their use is justified. But, agriculturalists must consider the
divigibility of new technology and the action of inputs which may or may not
be required for success. Politicians should be sensitive to the potentially
conflicting outcomes of technologies applied to differing ecqnomic, social,

institutional and cultural environs.

A growing number of agricultural economists believe that the adoption of
new technologies ié often largely tied to the institutional framework within
which farmers operate. New technologies developed for large farms should be
adapted so that they are within the reach of small subsistence farmers. To
pacify groups presently better off, while assisting the disadvantaged, may

require compromises.

Latin American studies have shown that in the adoption process, it is
important to minimize risks to farmers. This can be accomplished with policies
stabilizing output and input prices as well as assuring accessibility to
active markets (credit, seeds, fertilizer, products), especially for the
target population. How farmers feel about cropping patterns, -prices, yilelds
and incomes resulting from new technologies must be understood, since vield
variations are usually overestimated. Farmers' perceptions are often biased,
and how they make decisions is often inadequately understood, particularly
in view of the objective which the farm-household unit holds (Arcia, Johnson
and Sanders, No. 5). Farmers and scientists have different perceptions of
yields and prices. Methods need to be developed to understend the sociologica

factors involved and reconcile the discrepancies.
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Early adopters (pioneg;s) benefit most and are often in a better position
to sustain a potential setback. However, often successful adoption is made
first by the larger landholders. This leads to increased product supplies in
the markets, resulting in lower prices for smallholders or late adopters, thereby
aggravating their situation even more. In such instances, special attention to
smallholder adoption is justified, especially when increased employment is a
goal. Cooperative buying-selling of goods and services by smallholders would

enable them to compete with large producers.

Emperical studies have shown that farm size alone is not always a
factor in adopting certain types of technological improvements. In some
countries adoption has been found to be even higher among smaller farms than
larger ones when high-yielding varieties are involved. However, farm size
is usually positively related to wealth or negatively to land quality and
access to markets. This is believed to account for variations in technology
adoption. Owners of land are more likely to adopt HYV than tenants; however,
this could be due to the lack of credit available to tenant farmers (Schutjer,

et, al., p. 16).

Institutions

Since DC governments usually have tight budgets and perhaps even
tighter constraints on their scientific, administrative and educational

resources, it is important to avoid duplication of effort.

It wovld seem prudent for governments to concentrate on supporting
the "invisible hand," assist working institutions, and avoid taking over

every marketing function with an unwieldy bureaucracy (Schwartz and Eckhart,
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this volume). Policy should be formulated to deal with excesses or give
temporary support to the disadvantaged. Under no circumstances should
policy stifle private initiative and interfere with efficient resource
allocation; rather it should support them. The guiding principle for
optimizing returns in the long run for soclety should be allocation by
opportunity cosés for factors, products and expeﬁditures. There is little
disagreement that some state planning should be directed at correcting
disequilibria and constraints, but operational planning and implementation
should be largely decentralized, tailored to local needs, and elicit grass-

roots commitment.

Judicious trade-offs are required to achieve what is desirable as
well as economically and politically feasible. Hence, the potential effects
of policy changes, so-called "impact analyses," should be researched when
alternatives are considered, as part of a comprehensive analysis of the

impacts on the total system.

While institutional changes designed to deal with the objective
function and constraint set are possible, they may be economically or
politically infeasible. For example, consider land reform. An alternative
approach concentrating on institutional mechanisms to affect product prices
(floor or marketing board) and the perception of yield levels (extension
and demonstration plots) may accomplish the same thing with less governmment
expenditure and "111 will." Thus, policies to stabilize prices and create
predictable markets (government purchases, sales and storage) will go a long
way toward giving farmers the incentive to adopt income and yield increasing

technologies for the commodities in question.
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Research is needed to determine the economic, political or sociological
implications when consumers pay the market price for food, and when taxes
subsidize domestic producers so their incomes become competitive and high
enough to keep them produqing. Finally, monetary and fiscal policies that
affect agriculture and technological change cannot be neglected. Monetary
(including capital markets) and fiscal policies (taxation and subsidies)
direzcetly and indirectly affect availability and brices of agricultural

products and inputs.

Also vital are policies linking domestic and international economics,
especially import and export levies and the rate of exchange. Export levies
generally hurt producers and benefit the government, which uses the proceeds
to further the interests of another sector, not r~cessarily benefiting those
who suffer under the levy. Such relationships and c. .;equences should be
researched in a manner which is case-specific, but may draw on similar studies
elsewhere. Import levies may benefit a domestic producer if the products
imported compete with his, but may hurt him if fixed (ceiling) prices are in
effect, when the goods are factors of production and squeeze the domestic
producer's return. Floor prices may not have the same effect. Another policy
approach, taken by a number of countries at different times, may promote

substitution of domestic products for imports, instead of export subsidies.

Exchange rates and money market rates can be free or distorted. If
fixed too high, they reduce export potential and/or flood domestic markets

with cheap imports, which may ruin domestic producers. If exchange rates
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are set too low, tha country and its producers are robbed of foreign exchange
earnings, making it unprofitable for importers to obtain needed goods not

r~oduced domestically.

In recent years, flexible exchange rates and the growing integration
of international capital markets have again brought comparative advantage

‘ predominately into play.

Monetary policies affect agriculture and the flow of resources,
including labor. A tight-fisted central bank tends to increase the value
of domestic currency to the detriment of exports, while the opposite holds
for a central bank with few constraining policies. Therefore, the trading
sectors bear the initial adjustments to changes in monetary policies. Thus,
floating exchange rates tend to destabilize foreign demand in the short run,
while making trade a more important issue to the agricultural sector. 'In
the long run, predictions are difficult since, aside from governmental

policies, relative prices and quantities matter greatly.

It is increasingly evident that, for some countries, the cost of
energy deters development. Thus, there is a need to generate or adopt
suitable technologies (water, sum, geothermal or biogas) as opposed to
inporting energy, to save scarce foreign exchange. The trade-offs need to

be studied.
Infrastructure

When a dualistic farming sector is present--one commercial, the other

subsistence (partially market oriented) and dependent, depending on off-farm
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employment--small rural industries, infrastructural projects and cottage
industries may be subsidized initially to keep more of the population
productive and in rural areas. This may also require measures to help poor
rural farmers rent or buy land (via initially subsidized credit), grainful
off-farm employment, or organize co-ops (buying, selling, irrigation) in
order to offset large farm advantages at least partially. Selective
mechanization can keep farm labor employed. Institutional and other barriers
to' technological advances shc.ld be broken down and risks minimized through

improved performance in the factor and product markets.

Agrarian reforms - mainly of institutions - should be a continuing
dynamic process not 1imited to land reform,which may help achieve equity by
sacrificing some efficiency. If the land tenure system and political reality
make outright land distribution to the landless or poor infeasible, perhaps
studies should be initiated to document costs and benefits, and whether
subsidizing the poor and taxing the rich would accomplish the same objective
of a more equal land distribution. Other alternatives to land expropriation
are selective price policies, and imposing ownership ceilings and strict )
regulation of tenancy, with longer term leasing encouraged, thus protecting
tenants to a greater extent. In any event, communication, transportation,
and water control networks, as well as chemicals, fertilizers, seed (HYV),

credit and appropriate technologies including mechanization, should be

available through stronger delivery institutions.

Orderly, open and stable markets and structural improvements help
solve developmental problems, but market stability is one of the most

important issues in developed as well as in developing nations. A national
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price policy for staples is needed in conjunction with production incentives.
Efficient public institutions should complement, but not replace the private
sector. Technologies and farming systems need to be perfected, and the
diffusion process integrated with functioning market facilities for inputs
and outputs. Several options are available:
(1) widely disseminated, speedy and regular market informationm,
acquisition and distribution create tramsparency in markets.
This option requires forecasting of yields and harvested
areas, and may be facilitated by aerial or remote sensing technology.
(2) Price floors (or ceilings) or guarantees, to be announced
before planting time, and private and public sector sharing

in buying/selling and storing of grains.

(3) Contracts, preferably consummated between private parties,
but sanctioned by courts.

(4) Vertical integration.
(5) Insurance schemes.
(6) Effective storage, which may be most essential for stable
prices, can be strategically placed in production and
consumption centers to minimize post-harvest losses.
To protect farmers and consumars alike, governmental storage functions
or income insurance schemes should be examined for their distributional impact.

Such measures can help remove some of the perceived risk and uncertainty when

small farmers adopt new technology.
Social Infrastructuxe

Health care and educational policies should go hand in hand with economic
policy, since they have a positive impact on productivity. Schultz has long
advocated investing in human capital to forge progress. Obviously, that can

take many different forms: educating children and/or adults, maintaining an
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effective extension service, giving free demonstrations (plots) at crucial
locations where farmers congregate (e.g. at regional market locations).
Another form may be disseminating information by radio (perhaps even V).
However, even in education, trade-offs between unemployment and output exist.
In the Philippines, agricultural extension expenditures increased the demand
for variable farm inputs, especially labor, but aisc for fertilizer and
equipment, while.their effect on output appears to have been insignificant

(Quizon, pp. 13if).

Generally, agricultural research and development expenditures tend to
increase output due to increased fertilizer and equipment demand, while possibly
decreasing labor demand. Analysis has established that additiona. agricultural
research expenditures increase profits at the farm level. This, in turn,
implies that combinations of state budget allocations for Eesearch, extension
and water projects can simultaneously restructure current demand for
agricultural factors and increase supply. Resources in R and D and extension,
while they have increased, are still insufficient in many DC, and large

returns from expenditures can be expected, especially in the intermediate run.

Demography

Demographic changes must also be considered in the dynamics of rural
development. An urban bias in developmental programs usually contributes to
rural-urban migration, with associated problems in metropolitan areas
(unemployment, congestion, lack of shelter and sanitation, perhaps =sven lack
of food). Policies need to be devised and their impact studied to counteract

the "Landflucht". A very negative byproduct of migration is that the
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productivity of the small farms suffers, not only because there are fewer
workérs but also because of potentially reduced access to extension, advanced
technology, and credit. This not only leads to less money available on the
farm for other purchases, but also to less food available for rural and urban
consumption, hence lowering nutritional and health standards (see Nash, this
volume). It is very important to quantify these direct and indirect side

effects of migration.
PROGRAM STRATEGY

A three-stage procedure is suggested. The first stage should attempt to
form a clear picture of resources and restrictions, and collect and evaluate
relevant studies concerning data bases in an area. One way to achieve this
goal is to start with a comprehensive resource inventory and evaluate the
country's options given its objectives and hirarchies. Obviously this is very
expensive and time consuming. A less expensive approach could focus on sector
models with feedback from the remainder of the economy, or simulations based on
secondary data, using to the fullest extent possible, knowledge gained from other
detailed studies. Synthesized models can facilitate wise decision making before
‘costlier research projects are attempted. A system simulation is very flexible
with respect to completeness, methods (econometric systems of equations, LP or
input-output etc.) and rigor. Additions can be made in building block fashion
over time. Another approach is to list regions to be developed and undertake a
comprehensive study of each. (See AID's Country Development Strategy Statements.)
In many cases, without an input-output gsocial-cultural farming system study, and/o
similar survey of the target population, researchers will not fully understand
the interactions and the bottlenecks. This assumes that farmers possess skills

that can be exploited to increase productivity and household income.



101

In the second stage, actual costs and benefits of various policy options
are researched according to the special circumstances of the area. Target
gro&ps and variables are clearly specified, policy instruments identified, and
the likely relationships among the behavioral and normative sphere studied.
Direct and indirect distributional aspects of factor returns need to be analyzed.
The models developed should be flexible enough to incorporate additional vari-
ables or policy options as their importance is revealed. While general
equilibrium models are desirable, often data and other limitations (;ime and
funds) will not allow or justify thelr use. Under these circumstances, partial
analysis will provide sufficient information to make intelligent choices among

options.

Policy models should deliver realistic and plausible results and believable
(to users) predictions ebout alternative outcomes. -The results and their.
implications should be readily understood by nonscientists. Results of
similar studies can serve as first approximations or preselection of policy
altérnatives. Short and long run private and social costs, benefits, and
noneconomic impacts should be known for alternatives considered. At this

stage, a dialogue between decision makers and researchers should commence.

During the third stage, researchers and politicians (including repre-
sentatives of the target group) should finalize the actions to be taken and
work together on effective implementation. This should be followed by
periodic evaluation of progress, 80 that feedback may improve the direction
and desired impact of the program. Periodic monitoring will ensure that

development is coupled with equity, and that the dynamic process continues.
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The following additional aspects of research should be considered:

(1) Physical ress rch (yleld) needs to be augmented by a review of
economic asp...s at the outset, detailing price distributions
resulting from new technologies.

(2) Biological and physical management of the environment is
stiil in its infancy. Decertification, deforestation and
erosion, with their far reaching consequences, are important
factors.

In summary, it is not only important to assess the potential micro-level
socioeconomic impact of technological changes, but also to include dynamic
factors and feedback when considering the macroeconomic frame viz. markets.
within and outside the agricultural sector. In the final analysis, likely

welfare effects need to be studied a priori of technological change or

application of (institutivnal) policy investments.

SUMMARY AND CONCLUSIONS

Increased attention should be given to agriculture in developing countries

as a way to reduce the gap between rich and poor nations.

In attempting to accelerate rural development, there should be a greater
awareness of conflicts arising between objectives and policies, as a first
step toward minimizing social costs. There is ample evidence of conflicts at tt
national level, between national and sectoral or regional objectives, and
even between national and individual objectives. Conflicts have also
existed between temporal objectives and the means of achieving them. The
aim of this review has been to underline areas bel.:.ved to require additional

research, in order to optimize resource use and minimize policy conflicts.
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The farm unit should be considered a producing and consuming unit
enmeshed in a socioeconomic, cultural and physical environment. Appropriate
~ technologies must take into account the resource base, specifically the labor

.and capiial available.

Institutional and governmental units should be considered dynamic (not
fixed) elements in the development process, and clearly gauge the.short-vs.‘
long run trade-offs as well as the private vs. social benefits of policy
ex ante. Fiscal and monetary instruments, as well as import-export policies
shape the social and economic infrastructure, and affect the stability cf

markets appreciably.

Technical change and industrialization of rural areas interact intimately,
not only with the measure base and environment, but also with the demographic
dynamics of those regions. It is suggested to pursue policy resgarch and
strétegies, allowing different levels of scope and methodology in order to be

efficient and effective in generating optimal policies for (rural) development.
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ABSTRACT

YFSR is a multidisciplinary approach to research that involves a holistic
understanding of the farm, the family unit, the relationship between crops
and livestock, /. well as community values and norms. FSR has four stages:
(a) diagnostic, (b) technology, (c) farmer field testing, and (d) evaluation

and dissemination.

During the diagnostic stage, the researchers attempt to learn the farmer,
his existing system and to identify problems. The design stage includes the
jdentification and/or development of technology suitable for the farmer. In
the farmer testing stage, on site testing of the techmology occurs under
farmer's actual conditions. The evaluation and dissemination stage determines
how successful the technology will be by focusing on its adoption by the

target populatioﬁ.

FSR offers several advantages including (1) savings on time and funds
by focusing on all the factors that affect adoption, (2) continuous feedback
to make the technology more appropriate, (3) testing under 'real world"
conditions, (4) focusing on problems of concern to the target population,

and (5) identify policies that affect adoption rates.
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INTRODUCTION

Food production in many of the developing countries has not kept pace
with the growth in population. In fact, in many countries, per capita food
crop production has fallen in recent years. Food crop production has grown
in volume in most countries, but population has grown faster (Table l1). Many
reasons have been advanced for the relatively poor performance of the agri-
cultural sector. These include, (a) failure of farmers to adopt appFopriate
technology, (b) drought and natural disasters especially in East Africa and the
Sahel, (e¢) ;nstitutional weakness in credit, education, research and extension,
(d) disruptions because of civil disorder and war, (e) unfavorable shifts in
the terms of inte 1ational trade, (f) policies and incentives that work against

food producers /.ece Elterich and Brautigam, this volume) and (35 failure to

consider the unique needs of the limited resource farmers.

In an attempt to increase food production, more attention is now being
given to small farmers as a potential source of increased production. Many
small farmers remain reluctant to adopt technology, and others have limited

access to purchased inputs. It has become apparent for many development

1
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experts that bettar understanding of small farm pr#ctices, problems, and
constraints is essential to improving productivity. For these reasons, and
others, farming systems research and development have evolved as a means of

reaching the small farmer.

The primary purpose of this article is to review the stages of farming
systems research and present advantage over "traditional" research approaches.
In addition, examples will be given where farming systems research could have

been applied, or where it was applied.



Table 1 World Indicies of Food Production by Region and selected Ccuntries

1980 1975 1970 1965
Actual Per-Capita Actual Per-Capita Actual Per-Capita Actual Per-Capita
South America . 143 110 120 105 102 102 85 97
Costa Rica 136 106 136 120
Panawma 122 92 116 101
Peru 99 99 114 97
Bolivia 128 73 128 113
East Asia 141 113 123 110 101 101 84 94
South Asia 120 927 113 101 102 102 80 90
Mid East-West Asia 144 110 125 109 100 100 86 98
Bangladesh 129 99 114 100
India 120 97 113 102
Indonesia 144 116 120 107
Thailand 162 127 136 118
Africa 113 85 108 94 99 99 87 100
Tanzania 141 109 135 116
Zambia 112 86 140 119
Nigeria 115 85 108 92
Senegal 82 64 137 119
Angolia 81 66 94 87
Cameroons 117 95 102 92

Source: Word Indices of Agricultural and Food Production USDA, ERS, Statistical Bulletin No. 669

€11
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DEFINING FARMING SYSTEMS RESEARCH

AL A I e e e e

There appears to be a great deal of difficulty in precisely defining
Farming Systems Research (FSR). To some, FSR means looking at the existing
cropping patterns and their systems, hence cropping systems research
(1, 5, 7). Others tend to look at one crop and how it fits into the system;
gsome include livestock, others ignore ‘them (6, 7). For many, FSR excludes
non-farm activities. Despite the difficulties in defining farming systems
research, there appears to be some agreement on certain components. FSR
is an approach to research that involves an understanding of the entire or
whole farm system, the resource base, and its interacting elements. All
factors that affect the production and consumption of the farmer and his
fousehold enters into the process. For the purpose of this paper, FSR is
defined in its broadest sense, the holistic approach to understanding the
decision-making process of the farm unit, the relationship between crops,
the role of livestock, as weil as non-farmer activities, and including
societal customs as norms. As a result, F3R demands a multidisciplinary

approach.

The research teams ara composed of geveral disciplines from the agri-
cultural and social sciences. Usually a team is composed of an agronomist,
an extensionist, a social scientist, and one or two other technical experts,

dependent upon the specific needs of the research objective.

FSR involves full farmer participation throughout the research process.
When FSR includes testing new technology, the farmer participates in the

design and testing of the technology. He assists by giving feedback to the
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researcher, feedback on the constrsints he faces and the suitability of the
proposed technology. The researcher attempts to fully understand the basis
on which the farmer makes his decisions, how the decisions fit into the

household objectives.

Some have stated that farming systems research is not new, that it is
farm management work that was in vogue in the United States several decades
ago (7). ﬁﬁt there are differences in the farm management studies and FSR.
First, farm management did not attempt to alter the system, but, given the
resources of the farmer, to get maximum profit from various enterprises.
There were few attempts to develop technology to overcome problems faced by
the farmer. Farm management has focused on selection of the most profitable
combination of enterprises (farm) given existing technology. FSR seeks to
bring innovations into the farm system - innovations that are appropriate to

the farmer as well as accessible.

As a result of farmer participation, new phrases have originated to
describe the research process. FSR has been described as "bottom-up" or
"qownstream" research. '"Bottom-up" refers to farmer participation in
identifying technologies appropriate to himself or similar farmers.
"pDownstream” refers to adoption of agricuitural technologies to improve
target group production in a specific location for the short run .
Research that is discipline-oriented is said to be topdown, i.e., the
researcher working in isolation develops new technology and disseminates
it for adoption. He decides if his research will assist in solving farm
problems. Hopefully conventional research results will be picked by
extension specialist who will try to get it adopted by the farmer. As can

be seen, this procedure is different from what FSR does.
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FSR STAGES

FSR has four distinct stages. The first stage is the diagnostic stage
or survey stage. The second stage is the technology design stage. Farmer
field testing occurs in the third stage. Finally, in the fourth stage, the

evaluation and dissemination of technology takes place.

1. Diagnostic and Survey Stage

During the diagnostic and survey stage, the researcher attempts to
learn as much as possible about the farmer and his system, and to identify
problems faced by the farmer. Ideally, the FSR team obtains data from
secondary sources and makes a brief survey of the research site. Secondary
data can be used to make preliminary analysis of the socio-economic condi-
tions within the region, and make preliminary decisions of what is needed in
the regi;n. However, secondary data a?e often inadequate. Thus, rapid
surveys need to be done to supplement secondary sources. These studies are
fairly short and often informal. The idea is to identify needs without
spending years pouring over large quantities of date that may be obsalete
before it is analyzed.1 Secondary data, the diagnostic survey, and other
data obtained over the first year of the FSR program can serve as a baseline

against which some evaluation can be made later.

lin practice, the survey stage may go beyond the short-term period. However,
preliminary results need to be presented early in the research cycle.

Longer term analysis can assist in making adjustments and modifications
throughout the cycle, and provide a more accurate baseline for evaluation.
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2. Design Stage

During the design stage, it is expected that those technologies that
are suitable for a particular site should be considered. There are two
approaches to making this determination. One FSR ;roups advocates identifying
those constraints that are found in the diagnostic stage and developing
technology to overcome these constraints (7, 8). Other groups advocate
identifying technolocy that is transferable from other communities and
research stations and, then using them in the on-farm testing stage (7; 8).
In any case, the technology must be compatible with all of the needs of the
farner, including the community norms, beliefs, cultural values as well as
with the agronomic relationships that exist on the farm and the consumption
relationships that exist in the household. Both approaches require on-farm

testing of the selected or created technology.

3. Testing Stage

During the on-farm field test, several approaches to management of the
research are used. They are either farmer managed or researcher managed or
a combination of farmer-researcher managed tests. The researcher-managed
tests assures the researcher that all of the cultural practices and inputs
follow recommendations that are wanted. He can suggest when to plant, weed,
and harvest; how much fertilizer, insecticides, etc., to use. At the same
time, the researcher can better evaluate the applicability of his technology
to actual farmer's conditions. One danger, however, is that the experiment
can be controlled too much by the researcher, that it merely becomes research
on the farmer's field. In an attempt to get the best possible results, the

needs of the farmer may be overlooked by the researcher (4, 8, 9).
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The farmer-managed tests glves the researcher the opportunity to see
the farmérs' reaction to the new technology. The FSR team serves as an
advisor, furnish the test'items (seed, fertilizer, etc.), and observes the
result. Although explanations are made on cultural procedures, the farmers
run the experiment independently. The advantage of this approach is that
deviatioas and adjustments can be made. In this case, test results are more
1ikely to duplicate results that would have been obtained had the technology
been disseminated. Some scientists frown on these results because they are

not controlled experimentation (3, 8, 9).

The combined researcher-farmer-managed trials are useful for testing
technology under a range of conditionms. The trials are often limited to a
single factor (8). Researchers are able to oBtain impact of various factors
‘(e.g. labor) on the technology, and what adjustment could be made. The
three types of trials may be viewed as a continum. Early in the research,
the trials may be researcher-managed, then more farmer participation is

sought, until finally the farmer alone manages the tests.

4. Evaluation and Dissemination Stage

The last stage is sometimes separated into evaluation and extension
rather than treating them jointly. Indeed, attempts to evaluate and ad;ust
technology occurs throughout the research process. However, continual
adjustment is more appropriately a part of feedback and monitoring in the
- testing stage. Indeed ICTA feels FSR generated technology is not success=
ful unless and until it is adopted on a large scale by the target farmers (5).
Thus, evaluation has’to center on the rate of adoption of technology, 1i.e.,

how successful the technology will be, how well it meets the needs of the
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farmers, and thus is adoptgd. The evaluation is tied to ali steps in the
‘research proc:ss and 1s constantly repeated. From data collection and
analysis along with information from constantly monitoring the research, a
baseline against which comparisons of improvements in the system can be
established. Generally, most FSR research does not use the entire farm to
carry out the experiment. Only a portion is set aside. This portion can
become an evaluation plot as well as demonstration plot for dissemination.
The farmer uses the new technology in the test plot, and yield is compared
to the rest of his land. The farmer immediately knows the difference in

yields and can recommend to neighboring farmers the practices.

The dissemination of technology can occur through the farmer as well as
tke extension service. The farmer test sites, if successful, could provide
a demonstration for all farmers in the region. Other farmers may observe the
one in the test to determine whether or not to adopt the technology. Thus the
selection of the participating farmer could be important to the dissemination
of the technology. He should be a leader, an innovator, and one that has

the respect of the community. If he is successful, others will follow.

Folldwing Hildebrand's (5) recommendation that the final evaluation
should be based on the acceptability of the technology, dissemination is
extremely important. Although little has been said about extension up to
now, that should not be taken to mean that extensién should enter only at
this point. With the traditional experiment station research, extension
would be resﬁonsible for dissemination‘only.> FSR 1is believed to have an

advantage here in that the extension service has been involved as an integral
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part throughout the project. Extension workers should have a knowledge of
the FSR process aud be actively involved in éite selection, supervision of
tests, and:provide feedback to the researcher. The traditionally exten-
sionist's role of a disseminator of information, will continue in FSR. The
agent can organize field days for other farmers tosee the test results. He
can assist in developing packages to "market" the new technology to other
farmers in the region. By the agents knowledge and understanding the farmers,
their limitations, values, community norms, they can prepare a package suitable
to a particular community. In other words, the extension agent's role is
supportive during the early activities (5) takes on major responsibilities
during multilocational terting and pilot production, and is widespread

- during diffusion. The importance of extension is highlighted by realizing
that research's ultimate payoff is broad farmer acceptance of the new

technologieé it produces (8).

. There are two approaches to using extension in FSR: (1) building
extension as a part of the FSR program; (2) using the existing extension
gervice. In both approaches, exﬁension agents must be trained as part of
the preéaration for ingroducing FSR. Regardless of approach, extension
plays a vital role in disseminating the FSR technology to the target

pdpulation.

FSR AND TRADITIONAL RESEARCH

The primary purposes of FSR are to increase the productivity of small
farmers and to develop new technologiles that are acceptable to the farmer

famili and compatible with the farmer's system given his constraints and
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reséurces. FSR can complement traditional rgsearch in the development and
testing of such techmology. It is not designed to replace the traditional
experiment station researéh. There is still a great need to develop new
crop varieties, to improve livestock breeds, to perfecf fertilizer and
insecticides, and to develop appropriate machinery for the agricultural
gsector. What the FSR process can do is to transfer these ideas to the
farmers prior to completion of the station research. Thus feedback can begin
early, and the station researcher may know whether it is an acceptable

technology, and is suitable for the environment for which it is designed.

The FSR approach may be viewed as "applied research" while traditional
experiment station research may be viewed as "basic research”. While there
are no definite differences, this distinction may generally hold. The
development of new varieties and improved varieties can be better controlled
in the research stations rather than on farmer fields where, e.g., cross-
fertilization can occur. The selection of strains, development of hybrids,
and cross breeding of varieties to other species require close control of
fertilization. The-development of traits and characteristics that the plant
breeder is looking for may not be readily controlled in the farmer fields.
The experiment station; therefore, plays and will continue to play anAimportant
role in the development of technology. Breeding crops and livestock even-
tually involves a narrowing of the genetic base as improvements are made and
genetic factors are jgolated. Thus the experiment station researcher will
continue in their efforts to improve yields, increase disease resistance,
and to reduce pests. rurther, as technology is transferred from other parts
of the world, initial testing could be done at the experiment station before

dissemination for fa;mer.testing.



122

Some practitioners advocate joint efforts of research programs (4).
The basic developmental work could be carried out in the developed countries
(U,s., Western Europe, etc.) or the international research centers. The
applied research could be conducted by the LDC research organizations. This
dual effort is said to be cost efficient since national programs can develop
site specific models of the technology developed elsewhere. This procedure
presumes that the technology needs of the country specific programs are

being'developed in alternative locations.

ADVANTAGES OF FARMING SYSTEMS RESEARCH

The advantages of FSR are several (1). First, it can avoid the wasted
.expenditure of several years of time and effort at the experiment station
and can increase the probability of succeqsful adoption and results before
invoiving farmers. An example of this can be seen from a Nigerian experi-
ment (6). In the northern region, cotton is planted after food crops. An
improved cotton package was developed at Ahmadu Bello University. However,
it required earlier planting in sole stands, fertilizer and six applications
of insecticides each with 225 liters of water per hectare. The returns from
the improved cotton package were considerably higher. However,'the labor
inputs were also higher. Further, because of earlier planting dates of the
improved cotton, a conflict resulted, farmers were forced to make the choice,
planting cotton or planting food crops. Since most small farmers are sub-
sistence farmers, they choose to plant food crops, rejecting the improved
cotton package. The labor requirement for transporting water, plus the
conflicting labor demands between cotton and food crops lead to the failure

to adopt the new technology.
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In another example from the Central Zone of Tanzania, largely a semi~
arid zone, averaging less chan 500 mm of water per year where although
maize is grown, millets and sorghums are widespread.2 A new millet variety
with potential to increase yields substantially was developed at the Kilosa
Research Station. After some early successes with adoption, the number of
farmers using.the new variety declined significantly. Further investigation
found that the new variety had poor storage qualities. It was much more
susceptible to pest damage during storage than traditional varieties.
Nearly all of the crop was lost during storage, and shortages of food occurred

before the new planting season.

In both examples, a FSR approach may have identified problems that
could have been overcome prior to the general release of the improved
variety. Years spent in developing the variety were lost and additional
time had to be spent developing varieties that were compatible with the_

farmers' needs.

Experiment station research is conducted under ideal conditions. In
many cases, the station is located on the most fertile soil, with adequate
fertilizers, chemicals and other supplies. These ideal conditions often do
not approach the realitiesvthat exist in the farmer fields. Predictions and
estimates of yields are Bﬁéed upég station results, and farwers are dis-
appointed at much lower actdal yields. Farmer-testing until realistic condi-
tions are likely; give better estimates of potential benefits to farmer while

at the same time demonstrating farmer capability to handle the technology.

2This example was based on personal discussion of the millet project with
researchers at the Kilosa Station.
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Another advantage of farmer testing is the continuous feedback enabling
the practitioners to modify the research design as needed. They can bring
in new techniques as needed instead of waiting until later. An example here
comes from the CIMMYT program (2). Researchers in one country observed that
farmers regularly strip the lower leaves from the maize stalk for broading
animals. They recommended against the practice because they found that leaf
stripping tended to lower yields significantly. They were also working on
new varieties of maize with shorter stalks and fewer leaves. However, with
the new variety, leaf stripping leads to significantly lower yields in the
station tests. Conducting experiments using farmers' timing and method of
leaf-stripping, they found little effect on yields indigenous of varieties.
Realizing the value of leaves for use on livestock feed, and the potential
yield-loss of stripping, ¥esearchers now knew how much the improved - varieties
must increase }iel&xbef;re farmers adopt the‘vdrieties that have limited
tolerance of stripping. Clearly, better undérstanding of the farmers'
technique and of how the maize plant fits into the entire farm system assisted

in developing a variety more suitable to adoption.

Another advantage of FSR is that the research can focus on problems that
are important to the farmer and not just on problems that satisfy the
researcher's intellectual curiosity. A good relationship can be established
with the farmer that will help in future research and testing, If a farmer
feels that he is being helped and that problems affecting him are being

studied, he may be more willing to cooperate in the research process.
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A final advantage of FSR is to identify possible policies that affect
the adoption of new technology. If prices are not sufficiently high to pay
for the new technology and yield some profits, the farmer may not adopt
the technology, regardless of how appropriate (see Elterich and Brautigam,
this volume). Other limitations faced by the farmer can also be determined,
e.g., does the infrastructure exist to support the new technology? Are
these problems in distribution of inputs? The actual field-testing of
technology can help identify problems that the farmer in a given location

will face as dissemination occurs.

FSR_AND INFRASTRUCTURE

A brief comment is needed about infrastructure in the LDCs. One of the
characteristics of the farming system approach is to fully understand all
constraints facing the farmer and to develop appropriate technology designed
to overcome those constraints. It is very easy to overlook an important
part of the system - namely marketing. Normally, the problems of infra-
structure's impact are consideved to be less severe in FSR approach than in
traditional research. The reason is that FSR accounts for these constraints
in the development of the technology. The chief reason for adoption of
technology is to improve productivity and to increase yields. Most small
farmers are subsistence farmers, consuming as much as 80 percent or more of
what they produce. If the new technology is successful, and yields do
increase substantially, much of the surplus may not reach the market, for
distribution to the cities and to aveas where deficits occur. Furthermore,
the lack of roads, trucks, and gasoline needed to distribute inputs during

planting season may lead to low technology adoption rates. The FSR
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practitioner must consider infrastructure for both provisions and the handling
of surplus production. There 1s a need for storage, for assembly points, and
for trucking of goods to market. Even though the basic concept of FSR is to
improve the productivity and level of living for small farmers, much of the
efforte may go for naught if in fact inputs are not provided and/or production
is increased, and the surplus cénnot get to market. The FSR practitioner
cannot work in isolation from other sectors. At the time the FSR practitiomer
is working to improve yields, some attempt to improve infrastructure will

have to be made.
CONCLUSIONS

Farming systems research has an important role to play in the development
and diffusion of appropriate technology. It seeks to fully understand the
farmer's system and community values, and to plan technology appropriate to
that system. It is not a panacea; it should not work totally in isolation
of experiment stations and of other.development activities in the community.
FSR, however, is an approach to reach the small farmer who may be outside
the traditional system and was reluctant to adopt technelogy in the past. A
better undersianding of the small farmer, the farmer's problems, the farme:r's

constraints will lead to the development of appropriate technology.

Many questions stiil have to answered. Among them are:

(1) 1s FSR workable in all 1DC's? Are there some that do
not have a base on which to build a FSR system?

(2) How expensive is FSR? FSR is site-specific. It requires
a multidisciplinary team working with small farmers.
What are the relative costs and benefits of using the
FSR approach?
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(3) How should PSR be organized? Should it be made up of
existing institutions or stand on its own? What should
be the links between FSR and other agricultural devel~
opment programs?

(4) Are FSR results trausferable? Can the lessons and
approaches learned in one country be of benefit to
another country?
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- WHEN THE YOUNG MEM LEAVE AND THE OLD RETURN:
DEVELOPMENT POLICY IN AN AREA OF INTENSE OUTMIGRATION,
THE UPPER SENEGAL RIVER VALLEY



ABSTRACT

This paper explores the impact of intense male outmigration from the
Senegal River Basin on attempts to develop the economy of the river valley.
It traces the depth and persistance of outmigration despite efforts to
control or reverse it by both sending countries (Senegal, Mali, and Mauritania)
and the main receiving country, France. Prospects for reversing the flow
through development of the homeland are poor, although over 51 billion in
investments is scheduled for dams and irrigation. In spite of the problems
created for families, communities, and development planners by absences, the
balance sheet on outmigration has a positive side. Returned migrants are
conﬁributing initiative, capital, and organizational skills to irrigation
and related new economic activities. The presence of migrants from the
basin in distant national capitals also creates social and political ties
to ﬁétional governments, giving impetus to development plans for their home

territory.
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WHEN THE YOUNG MEN LEAVE AND THE OLD RETURN:

DEVELOPMENT POLICY IN AN AREA OF INTENSE OUTMIGRATION,

THE UPPER SENEGAL RIVER VALLEY

Lucie Gallistel Colvin
University of Maryland

Can the economic development of the Senegal River Basin, long a neglected
border area of Semegal, Mauritania and Mali, reverse its high rates of out-
migration? Can economic development even take place once this pattern is
established, and a majority of the most dynamic members of the community are
absent? These are familiar questions in developing countries, where most
rural areas experience outmigration,* and development policies and projects
typically list as one of their goals a reduction of the rural exodus. The
Soninke area of the upper Senegal is an extreme case in a number of ways --
the distance and time involved in emigration, the scale of the opportunity
gap between homeland and destination, cultural contrast between Soninke and
French society, and perhaps most intergstingly, the magnitude of the Senegal

River Basin development effort recently focused on the homeland.

Among the Soninke of the upper Senegal River Valley a man proves himself
by making his way to France in his early twenties and working until he has
saved enough to take a wife, on average seven years for a first stint. After
a year or two of married life and starting a family, he returns to France,

now into a cycle of work and home visits likely to last most of his working

-*Qutmigration and inmigration are used here for departures and arrivals in
general, including citizens moving from one department to another within
one country, as well as international migrants. Immigration and emigration
refer specifically to those moving beyond natural boundaries.

131



132

years. Those who never make it to France linger in Dakar or Nouakchott,

Nou;dhibou or Bamako, working at whatever petty trade or service they can

find, ashamed to return home emty handed. Tukulor men from neighboring

ﬁillages also leave to look for jobs. but France is an option for only a
i :

small proportion, the majority preferring to "try their luck"#* nearer by

in Dakar or the secondary cities of the region.

Because the Senegal River Basin is an extreme case, the answers this
area is beginning to suggest as to the relationship between outmigration
and development are appearing earlier and more clearly than in meny other
areas of Africa. They suggest a negative answer to the hope of reversing
the rural exodus through rural development in the next few decades. Yet
a positive one to the possibility of economic change and growth in the
homeland, drawing on the positive aspects of migrant experiences and coping

with the problems of continued outmigration.

In looking at the prospects for development in an arca of outmigrationm,
this paper will also suggest a new approach to planning and eva.iation in
such areas. Less feliance will be put on statistical volume of outmigration
as an index of either development potential or project success, and more
attention suggested to the historical phases of the migration process and
the dynamics of communities that have institutionalized migration in different
ways. Mature streams of outmigration, those that have continued for more
than one generation, show new patterns of adaptation, mitigating the most
severe problems experienced in the first phase by both migrants and the home

community. The choices made and patterns emerging at that point become

. *Irying one's luck is the universal colloquial phrase for the migration
. experience. It connotes both the hesitancy with which a young man leaves
his family and village for a harsher reality, and an almost Odyssean
sense of quest for one's personal destiny.
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.cruclal to the prospects for development in the homeland. For instance
remittances, the money typically sent home by the first generation may
dwindle as later migrants spend more on themselves and bring éamilies to
join them. Or money may continue to be repatriated, and be oriented less
tr 'ard prestigious consqmption and more toward3 productive lnvestments.

The few migraﬁts who return may look on their situation as retirement or
unemployment, and encourage a disdain for manual labor in their home
community. Or they may start new projects at home, introducing the work
discipline learned punching a time card and technological and organizational
sophistication gained abroad. In the long term, another important factor

is the extent to which political energles are expended in distant centers
(either work-place or nationél capital) as opposed to focusing on development

of the homeland.

Migrant labor has been one of the outstanding characteristics of the
transition to capitalist economies, beginning with the British enclosures
movement and in the 20th century extending increasingly to a movement from
underdeveloped countries to developed. Studies of the process of migration
and or the consequences for the areas of in and outmigration have therefore
a long history. The analysis of causes of outmigration typically focus
on "push" factors, the economic stagnation or decline of the area of originm,
and "pull" factors, the higher incomes, more jobs, and better amenities in
poles of attractiun (urban areas, cash crop zones and developed countries).
Labor migration always reflects unequal geographic patterns of development.
In Africa there is a more specific pattern in which capital cities have been
the.maior poles of attfaction, and these are in turn surrounded by cash crop

‘zones which also attract migrants and develop a falrly dense population.
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‘The outlying areas have become a neglected hinterland, and'zone of outmigration.
 This pattern within nationms also extends beyond national boundaries; There

are actually four major poles of attraction in West Africa today in descending
order of importance: Ivory Coast, Nigeria, Senegal and Siefra Leone. Land-
locked na;ions (Upper Volta, Mali and Niger) and those in economic disarray

(Ghana, Guinea) have become substantial net exporters of wanpower.

In a recent collaborative study the author and a team of Senegalese
scholars traced ﬁhe historic and geographic evolution of this pattern in the
Senegal and Gambia River basin areas.l This allows us to see the outmigration
of the Soninke as a pattern of exodus from border areas in general. Young
men from all ethnic groups in the Senegal River Valley migrate out of the
area.2 The Soninke are unique only in that they typically go to France, where
they constitute 7 of every 10 African immigrants and their Tukulor neighbors
are another l/lOt:h.3 The majority of Tukulor, Wolof, and Moor emigrants from

the Basin make their way to Dakar, or one of the smaller cities of the region.4

Discussion of the consequences of migration have focused on the problems
it causes for individuals, families, and both sending and receiving communities.
Despite negative political and social reactions to immigrants, the economic
consequeﬁces of migration arez generally assessed as positive foft;he area of
inmig;étion. It benefits from cheap stable (not unionized) labor, willing
" to work at jobs disdained by local citizens, and having fewer dependents.

Even the extent to which migrants compete with local workers for jobs hasi

been seriously challenged by economic anélysis.5

In contrast, economic analysis of the impact of outmigration on sending
dreas is universally gloomy. Jonathan Power after surveying the recent labor

migration to Europe and the United States concludes that areas of outmigration
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have bleak economic prospects over the long term, and cites the Irish
experience as an example.6 He notes that even thodgh sending countries
énd communities often encourage migrants in anticipation of the money they
will return, the remittances are rarely spent on productive investments
and even that they contribute little to balance of payments deficits since

they are spent largely on imported consumer goods.

Looking more specifically at West Africa, Jacques Bugnicourt reaches
‘similarly negative conclusions as to the impact on zones of outmigration.7
He notes that sending areas tend to lose their most dynamic workers and in
gome cases more than half of their active~aged (15-64) male population.
Remittances, he writes, tend to accelerate the penetration of the monetary
economy, facilitate the collection of taxes, promote the consumption of
imported goods, encourage the monetization of human relationships including
wage labor, and inflate the local prices of bride wealth, housing and land.
He claims that the apparent increase in economic activity that remittances
stimulate translates too often into an increase in commerce, which is largely
in foreign hands, and into non-productive savings. He explores the psychological
impact of migrants s:g;ies and behavior upon their return, remarking a
dissociation between work apd income and the impression in the local community
that luck is more significant for success. Bugnicourt argues that the work
experience overseas rarély transiers usefully back to the home area. Many
emigrants work in factories (of which there are none in the Upper Senegal
River Basin), or as cooks, which is a woman's role at home. Even for those
few who work in agriculture, the French agricultural experiences are ill-
adapted to local conditions. He observes overall a severe loss of social
dynamism, and frequently the emergence of regionalist political consciousness

or even separatism arising out of migration related frustrationms.



136

Such a picture would not bode well for the multi-million dollar Senegal
River Basin development scheme currently being launched by the Governments
of Senegal, Mauritania and Mali and a consortium of international donors.
Indeed a decade ago when Soninke and Tukulor societies fit this portrait to
the last detail, the appropriateness and feasibility of investment on a
‘large scale in irrigated agricultural development would have been questionable.
But in the last five years.irrigation projects have been launched in over
three hundred villages in the Middle Valley (Dagana/Rosso to Matam/Kaedi) and
Upper River (Bakel/Gourayes-Kayes-Bafoulabe). This paper looks at the role
of returned migrants and migration-related capital in bringing about the
technological and organizational changes this development entails, as well as

- the problems associated with continuing outmigration.

Outmigration in the Senegal River Basin began dramatically with the
colonial conquest, these wars lasted in the river basin from 1855 tarough
1890, and pitted the Islamic holy warrior al-Hajj Umar Tall against the French
intruders. Until that time the river basin had been a zone of inmigration
for centuries. People were attracted to it by the variety of resources and
opportunities it offered in comparison to the dry surrounding plains:
water supply, two cropping seasons, fish, flood recession pasture lands,

game, and an avenue for long distance trade.

The Tukulor are believed to be among the earliest inhabitants of the
river basin, having moved in from the north as the Sahara desert expanded
and built the empire of Tekrur which flourished in the ninth through eleventh
centuries. The Soninke were also among the peoples attracted to the River

Basin. They moved down as colonists from their famous empire of Wagadu to
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the northwest (better known as Ghana) as part of a trade diaspora in the 10th
through 13th centuries when the empire was at its peak. They continued to |
trade and colonize trade routes all over the Senegal and Gambia river basin
areas in subsequent centuries, even after their empire had been eclipsed Ey
the more powerful Mali and Songhai. Both they and their Tukulor neighbofs
became pilots and crewmen in the flotilla of French trading boats which
mounted the river to the Bakel area every year during the flood season

(August - November).

The =olonial conquest set off two typ2s of outmigration one immediate
and massive and the other slower and long term. The first wave were Tukulor
soldiers recruited into the army of al-Hajj Umar from the 1850s on. While
statistical estimates are difficult if not impossible, contemporary accounts
suggest that the emigration.to join al-Hajj Umar affected more than half thé
adult male population of Futa Toro (the Tukulor homeland), and was devastating

in its consequences both for those who left and for those left behind.

In the last years of the colonial conquest, from 1885-87 the Soninke
experienced their own Islamic revolution, under the leadership of al-Hajj -
Mamadu Lamin Drame, a former disciple of al-Hajj Umar. ' Overthrowing both
Tukulor overlordship and French domination, Mamadu Lamin led the Soninke in
their moment of glory in 1885 and 1886. Put the following year he was forced

to retreat to the Gambia and killed.

Once colonial administrations were installed the long slow process of
individual outmigration began. The Senegal River was suddenly a border
instead of the main trade route, and Bordeaux commercial firms drove Soninke
and Tukulor merchants out of their traditional roles. The Upper River basin

was divided among three separate French administrative territories: the
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Protectorate of Senegal, the military territory of Mauritania, and the French
Soudan (now Mali). And the administrations resolved to force people into the
cash economy as rapidly as possible, through the imposition of a cash head

tax. This obliged every family to either grow a cash crop (in Senegal peanuts),
sell some major capital item (cattle or jewelry), earn cash trading in the

dry season, or work for the Europeans. To do any of these except sell family
capital one had to leave the river basin. Forced laéor also started some

on the path to migrant labor. River villages had to provide porters, boat-

men, haulers, and construction workers for public works and the railroad.

Colonial rule also transformed the patterns of labor and occupational
distribution in Senegambian societies, particularly in the centr-‘ized and
highly stratified Tukulor and Soninke societies. The top and bottom were
most immediately and radically ‘affected. The ruling elite were eliminated
by the conquest itself, as most of their jobs ceased to exist and they were
destituted, or, at best, made junior adminigtrators in a colonial hierarchy.
Village labor organization was further disrupted by the 1905 announcement of
the end of slavery. Over half the population of the river basin was of slave
status. Soninke and Tukulor families responded to outlawing of slavery by
transforming the system into a sharecropping arrangement. But many former
~'slaves left in order to make their freedom real. Often they went to work as
gseasonal client farmers (naweténes) in the peanut growing zone, located along

the Dakar-Saint Louis and Dakar-Bamako rail lines. Frequently they found the

sons of nobles working alongside, sent to earn the family's tax payment.

The railroad was the s¢ al of doom in the Senegal river basin. It became
the central trade route, and traders abandoned the river. The port of Dakar

supplanted the port of Saint Louis. Cash cropping (peanuts and cotton) had
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flourished here in the ninetee-th century, but the upper river basin was now
too distant from the developiné markets of the Dakar area to compete with

areas along the rail line.

A small but histowically important number of Soninke and Tukulor make
the transition from Senegal river boatmen to service in the French navy in
World War I and II and in the French merchant Marines. After participating
in the liberation of France in 1945 a few settled and found work in the post-
war economy, mainly around Marseilles. As the economy began to recover in
the 19508 the demand for migrant labor grew rapidly.. The majority of the
migrant workers in France were North African and Portuguese, followed

numerically by Spanish, Italians, Yugosiavé and Turks.

Black Africans were a tiny minority until the Algerian War (1952-58).
Employers and North African migrants developed tensions, and a recruitment
of Soninke began in the mid-1950s. Village level data from three recent
studies agree in dating the latest upsurge in emigration to this recruitment
campaign of 1957 to 1963.8 The first wave of migrants were in their twenties
_ and thirties, a few in their forties. As the pattern of migration became
established in the 1960s and 1970s the median age of first departure has
moved to 20 years; now about 90% of the first departures take place in the

15-24 age grou.p.9

Tukulor outmigration from the river valley began to accelerate at exactly
the same time. However, whereas more than 80% of Soninke have France as their
destination, the fukulor preference has been for Dakar and the peanut basin.
Today more than 1 in 3 Tukulor live in Dakar and more than 2 out of 3 live

somewhere outside of the river basin homeland.10
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Outmigration affects a similar proportion of Soninke, with.an overall
average uf 30% of active age males absent at any given time, over 80%
emigrating at one point during their lifetime, and more than half of the
15-25 year olds absent at present.11 Geographer Andre Lericollais developed
maps showing: 1) substantial variation in absentee rates from different
villages of the Soninke area; and 2) the distribution of emigration to France

along the river valley and its concentration among the Soninke. (see fn. 2)

Another substantiai difference between the two types of migrations is
in marital arrangements. While the vast majority of the emigrants to both
France and other areas of Senegal. are married (80% of the total and virtually
all men over the age of 30), only 5Z of the Soninke bring their wives to live
with them in France, while the majority of Tukulor outmigrants eventually send
for their wives and children.12 Thus the Tukulor children grow up in Dakar
or elsewhere, while the Soninke children stay home until they are old. enough
to leave on their own. Part of the reason for this is that the government
of France has subjected African emigration to increasingly tight legal control

and made it difficult for wives to join their husbands. An additional reason

is the determination to save, which is hard to do with a family in France.

Statistics from all Soninke areas studied show that the increasing legal
obstacles to immigration in France have not slowed outmigratiom. The number
of departures has continued to accelerate. Those who are arrested as illegal
emigrants and sent back to Dakar merely await their next opportunity to
return. And some are finding new destinations in Libya, the Middie East, or
other African countivies. Moreover, the stop and search policy of the Giscardian
regime provoked embarrassed outcry at home (and Senegalese reprisal against
expatriates in Senegal). The Socialists recently announced that identity

checks would stop.
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The typical pattern for emigration historically is to begin as seasonal
departure, change to a temparaty emigration for a period of a few years, and
gradually become long term or definitive. There are important variations in
this between the Tukulor and the Soninke based primarily on the difference
in destination. Only a small proportion of Soninke are retired, married, or
otherwise definitively established in France, whereas the majority of Tukulor
outemigrants tend gradually to resettle. Figure 1 showing proportions of
former migrants and of current migrants by age group, prepared by Weigel and
reproduced here, shows that Soninke men are tending to stay away until retire-
ment age (at age 55-60 40% of the total male.cohort [half of those that ever
emigrated] are stil). overseas, and 20% of those aged 60-65 are still absent.)
The figure also shows a substantial proporation of returned migrants among
the resident population. It is these migrants who as agents of change interest

us in this paper.

The wave of outmigration in the late 1950s coincides exactly with a major
socio-economic study of the river basin.l3 The portrait that it paints of
the river valley allows us to understand the conditions in which outmigration
swelled. Independence was approaching, and p;ople wanted their economic
position to improve. Yet the river valley was still far from the zones in
which cash circulated regularly. The money that went into the river valley
was like an ink drop surrounded by wide areas with no market economy. Remit-
tances went into construction of hcusing and mosques, the purchase of jewelry,
and the building of a herd of cattle. There was no point in investing it in
agriculture, since there were inadequate men to work the land and no facilities
for marketing any surplus that might be produced. On the contrary, part of

the money was generally used to purchase food, or hire labor to grow it, for

the family left behind.
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Figure 1. Proportions of Migrants and Returned Migrants by Age Group.

100 A

PROPORTIONS

3op

20p

R W \\.\\\‘\\ \
10} / f\\ \ ‘.-i_‘;‘{\“‘-‘- “\‘}‘\} \;.\ \‘\\ \‘\ \‘\\\}

CLASSES DAGE

-ﬁ

Current migrants
Former migrants (1),

(1) igrants who have returned for good.

Source: Wiegel, p. 42.



143

During that time, and in fact until the late 19708 the valley was almost
inaccessible. Camel caravans were the.main overland contact except during
four months in the late dry season whéq trucks and jeeps could take the tracks
running along either bank of the river. Piroques from Saint Louis could reach
Bakel and Kayes during the flood, but the annual arrival of trading fleets had
stopped in the 19208 when the railroad was completed. During the rest of the
year canoes could circulate only short distances. What consumer goods were
in evidence generally had been purchased in Dakar or even France; and oppor-
tunities for local purchases were minimal. The diet was limited to millet,
sorgum, niebe beans, beréf, okra, corn, peanuts, milk, fish, very rarely
meat, wild leaves and local fruit. Gasoline was available only at deports
so far apart that trips had to be planned around them, and repairs were

difficult or impossible, so that vehicles occasionally had to be abandoned.

The drought of 1968-73 struck at a time when frustration over this
situation was running high among emigrants, who had watched governments'
investments during the first decade of independence go largely into their
respective capital city areas. The difficulty that all three national
governments gxperienced in delivering relief food supplies to the Upper River
became an embarrassment and a source of reproach. Both locals and emigrants
protested energetically. In the space of five years half of the large livestock
ir the area died, the rainfed fields and pastures along the river bank turned
to desert in the middle valley (but not the Upper River), a large proportion
of the flood plain lands became useless because the flood was so meager,
families rationed themselves to one meal or less per day, and starving refugees
flocked to the towns. Pastoralists began staying out of the River Valley,

since their flood plain pastures had disappeared.
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The rainfall and ecology of the river valley have not returned to normal
since the drought, but people have made substantial progress in adopting new

strategiles. Ifrigation is the key element in the change.

Irrigation had already been tried in the Senegal river basin, mainly

in the Delta from the 19508 on, and had not been notably successful. It had
been introduced by outside firms, either private or state sponsored, on large
projects constructed and tilled by machinery. Farmers on these schemes became
little more than integérs in the production process. The land had been appro-
priated without compensation to the owners, and many of those to whom it was
distributed were recruited from outside the area. Farmers were presented with
a complete package of inputs and a marketing monopoly at fixed prices. They
had no say in the decision making processes. They came to see themselves as
subsistence farmers, and ylelds were low. The great majority of farmers soon
became chronically indebted to the state development corporations (SAED* in

Senegal and SONADER* in Mauritania).

Aﬁ the height of the drought two pilot perimeters were started in villages
near Matam using a totally different approach. Villages, with former emigrants
in the lead, organized their own cooperatives and by hand did the canals and
levelling necessary for small irrigated plots near the village. With the
guidance of the French technicians and the initial capital input necessary
for the first pump provided by the French, they were still able to keep
control of essential decisions, including where and how and when to build,
what crops to plant, and how to organize the marketing. Their first season

was in 197Z just as the drought reached lts worst, and news of their success

%Société pour 1'Aménagement et 1'Exploitation des terres du Delta (SAED);
Société National du Dévelopment Rural (SONADER). Mali's equivalent, the
Operation de la vallée du Sénégal, Terekolé - Magui (OVSTM), was not
organized until 1980.
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spread instantly up and down the river. In 1973 a few new villages in the
area initiated projects and by 1974 and 1975 the phenomenon was spreading

rapidly through the river valley.

The initiative in almost every case came from outmigrants. Sometimes
they organized a cooperative while still overseas. More often returned
migrants enlisted fellow villagers. They realized that they had the necessary
capital for some of the components of projects in their own savings. They
also had access to farm equipment sales outlets, and téchnical assistance
agencies of which their country cousins had never heard. They knew how to
work in disciplined teams, to tige their work and emphasize efficiency and
productivity. And migration had been going on for so long by the time
irrigation caught on, that most village chiefs were themselves returned
. migrants., While the migrant experiences had not eliminated the prefogatives
of birth, it has paved the way for more egalitarian approaches at home through

familiarity with proletarian ideological tenets in Europe.

Cooperatives and villages all along the river bank have similar rules
of organization. There is an initial wembership fee as well as an obligation
to provide work on the initial comstruction of canals, fencing or dikes, and
the levelling of fields. Those who are not able to work must provide someone
to work for them or an equivalené in cash (750-1000 CFA or 200 UM, about
$3.00 per day). Later arrivals who ask to join after the initial work is
finished can come in only by taking over the plot of é family member who
cedes it, or by paying the equivalent of both the membership fee and the work

obligation in cash.

As many plots in the project are laid out as there are members of the
cooperative, they are distributed by lottery. In some places the owning

families who have provided the land are given first choice of plots, larger
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plots of some other special consideration, butkinfgeneral this is quite
1imited. While farmers from landowning families usually lead the cooperatives,
the membership comes disproportionately'from the land-poor families of caste

and slave origin.

Initially plots have been quite small, 8-25 ares (8-25/100 of a hectare).
This allows ail interested families to participate, and recognizes the capital
‘and work inﬁensive nature of irrigated farming. These plots are large enough
.ﬁo provide drought secufify to the families involved, who can earn extra caéh
in the dry season if their rainy season food crops are good, or switch to food
crops on irrigated plots if their rainy season harvest was poor. The small
size of the plots also reflects the fact that irrigated farming is but one
small ingredient in the total economic strategies of river basin farmers,
particularly of land owning families. It tends to be a larger part in the
economic strategy of land poor families, and in a number of areas groups of
hard working farmers of low social status have asked to expand to new and

larger fields.

About 20Z of the farmers in the river basin currently participate in
‘irrigation in some form. They produce whatever crops allow them an appro-
priate mixture of food security and cash income. In the Middle Valley they
generally plant rice in the rainy season followed by tomatoes, corn, and
mixed crops in the dry season. In the Upper River area corn is generally
grown in the rainy season, if any irrigation is done at thét time (in years
of good rainfall rain-fed agriculture is more cost effective in this zone),

and corn and fresh vegetables in the dry season.

All along the river valley there are experiment stations testing out
improved varieties of fruits, wheat and other grain crops, legumes, and forage

crops. But none of these is yet being extensively cultivated. 1In the delta
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sugar cane is grown commercially by a French-Lebanese corporation called the

Compagnie sucriére sénégalaise, a subsidary of the MIMRAN conglomerate.

Migrants and returned migrants are involvad in irrigation coéperatives
all slong the river valley, but those cooperatives run exclusively by and
for migfaﬁts (e.g. Sobokou, Samankidi, Danfagabougou, Bafoulabe) have some
uniqﬁe aspects. It is a phenomenon only of migrants to France, hence,
predominantly Soninke and in the Upper River. These cooperatives are more
tightly disciplined and have higher initial capita® input and cash flow;
The cooperative at Danfagabougou forvexample was not able to admit any local
résidents because villagers were unable to come up with the initial membérship
fee at the scéle set by the migrants. The cooperative at Sobokou set 1 fine
for 5 minutes' lateness on days of cooperative work obligation at 750 francs,
the same rate as was charged for a full days absence in most other cooperatives.

In other villages 5 minutes lateness would not even be noticed.

Exclusively migrant cooperétives also tend to have a slightly higher
level of mechanization, investing for example in small motorized tractors as
soon as the pump maintenance and depreciation fund has been established.

They also tend to be among the few that are able to stay free from debt.

' They tend to prefer to get their technical assistance directly from expatriate
advisors rather than through state development corporations. The leaders of
such ‘cooperatives have explained their versions to government agencies in
terms of a desire to maintaiﬁ control over the development process themselves

and to stay free from indebtedness.

In the rush to respond to the drought, there has been conflict over roles
between natives of the area, governments, and the international donor community.

The crisis served as a catalyst for the decision of the governments in 1972 to
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form the three-nation Senegal River Basin Development Organization Organisation

pour la mise en valeur de la vallee du Senegal (OMVS), committed to build dams

to provide year round water flow and control flooding. The coincidence of

the drought and the rapid growth of petrodollars in the mid 1970s allowed

tﬁe project (which had been mooted for more than 20 years), to move rapidly
into the committed funding and planning stage. As of March, 1982 there are
full funding commitments for a high &am at Manantali providing flood control,
year found flow and hydro-electric power as well as a 1% meter high salt-
intrusion .dam at Diama in the Delta 40 kilometers from the mouth of the river.
The estimated $764 million in construction and related costs have been pledged
by Arab and Western donors shown in Table 1. Another $383 million has been

‘committed for downstream development, as shown in Table 2.

On the domestic front the governments expanded the mandates of their
resﬁective regional development agencies to the entire river valley, and at
the same time reorganized the agencies internally. The extension of SAED and
SONADER into the Middle and Upper valleys received a largely negative reaction
from villagers and private voluntary organizations already wcrking at small
village irrigation projécts in the area. As government agents arrived to
explain that they were cuming to provide training and assistance, they were
greeted by village 1eaders who asserted that their approach was ﬁoo authori-

" tarian. Residents claimed that the fixed package of inputs and marketing
offered by SAED and SONADER simply resulted in taking all cou.crol of projects
out of villagers hands andileaving them in chronic‘debt. Furthermore many
village leaders criticized SAED for trying to make villagers grow rice when
in fact the staple in their own diet was millet. The clash was most éxtreme
at Khoungani,‘near Bakgl, where the céoperative refused to have anything to do

with SAED in the spring of 1975, and accused it of coopting the technicians
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Table 1. QJL!_§

Diama and Manantali Dams
Current Status of financial commitments

by donors
'$ (000)

Saudi Arabia 150,000
Kuwait 100,000
Abu Dhabi 40,000
Irak 40,000
Islamic Development Bank - 20,000
Federal Republic of Germany 89,333

( Caisse Centrale de Coopération - ~46,786 )
Franceg Economique . - ; 69,972

( Fonds d'Aide et de Coopération 23,186 )
Italy 35,000
European Development Fund 92,700
African Development Bgnk -33,406_; 61,480
African Development Fund 28,080 )
Canada (25,106 Can. $)' . 21,158
United Nations Development Programme 10,000
Iran ' : 4,000
TOTAL 763,643

Source: U.S. Agency for International Development, River Basin
Development Office, Dakar, Senegal, March 1983.
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chat the village had already recruited, forcing them to work for SAED instead
of the villagers.14 In the standoff which ensued, the villagers formed a
confederation of villages generally referred to as the Soninke Federation
enlisting more than talf of the villages in the Bakel zonme. A similar
confederation of predominantly Yukulor villages, called the Tukulor Federationm,
has since also been organized. The government has refused to recognize either,
which deprives them of legal identity and bars them from signing contracts.
While officials have been very circumspect in stating their reasons, they

have let it be known that they suspect ethnic particularism in the motivations
of the founders. For their part the Federations disclaim all political
character and note that their memberships are open to all ethnic groups and
devoted exclusively to economic development. In this situation the private
voluntary organizations originally financing the projects, CIDR, OXFAM, and
War on Want, gradﬁélly withdrew from the Bakel area one by one, and USAID
began providing technical assistance and financing in the region through a

contract with SAED.

Having won the battle, SAED conceded most of the villagers' points in
subsequent negotiations. It agreed that the village perimeters could organize
according to a collective work mode if they chose, rather than in cooperatives
along the SAED model, that they could grow crops of their choice, and market
theh locally. Villagers on both banks are in thecry prohibited from selling
their cereal crops across national boundaries, but in fact most of the produce
seems to be finding its way into the Kayes region of Mali at present. Until
1981, farmers in Bakel were not allowed to transport their produce across
DeparfienEEI?Boundgries for sale, which cut them off from their closest

r,"'! ,.' .

_ domestic market at Taﬁbaéoundq. The USAID-funded technical assistant at Bakel
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for the last five years hLa3z operated quite independently of SAED. He is,
however, an expert in rice cultivation and has been criticized by the Soninke
federation leadership for focusing exclusively on rice at the Bakel project.
He has defended his focus, noting that the Bakel project has been financially
feasible for participants, and that this year they are opening a new larger
project. He notes that now that the government has raised the farm--gate price
of rice from 41 frangs CFA per kilo to 55 francs CFA per kilo many small

village perimeters have begun to take an interest in rice production.

Another government initiative, the paving of roads, along the river bank
and improvement of the railroad, has received an uncritical welcome from all
concerned. Most villages are still cut off periodically during the rainy
geason when theilr access roads flood, but the new road on the Senegalese side
had greatly facilitated the repair of pumps and supply of fuel that used to
cause frequent crop casualities. Without a road infrastructure, marketiné'
of anything but imperishable cereals was handicapped. Since vegetable and
fruit crops are by far the most profitable dry season irrigated produce for
farmers, an improved tranonrtation gystem 1s essential. The governments
6f Mali and Mauritania unfortunately ar: still far from being able to envisage
mobilizing the funds necessary for paved roads on their sides of the Upper
River area. Both are counting on the year-round navigability hoped for from
the Manantali dam to stimulate river traffic. Mali also anticipates substantial
upgrading of the Dakar-Bamako railroad in connection with the construction
of the Manantali dam. If, as some observers expect, the railroad proved
inadequate for the construction firms building the dam and the latter decide
to ﬁﬁgrade the road access to the damsite, these road links will go a long

way to eliminating the historic isolation of the region.
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The already improved transportation network facilitates the functioning
of the independent non~-governmental initiatives in the area, whether they be
village cooperatives, private voluntary organizations, or local merchants.
Migrants and return migrants ﬁave already within the last few years put
substantial investments into transportation enterprises, both river barges,

which are rented out, and transport vehicles.

Earlier the question was raised as to the effect of continued outmigration
on labor supply for irrigated perimetérs. Irrigated farming takes substantially
more intense labor than traditional rain-fed or flood-recession crops, as
well as stretching labor far into the dry season when people traditionally
travelled, traded, and earned cash from craft and construction. Yet we have
noted that the rate of departure of young men has accelerated rather than
diminished during the period in which irrigation has caught on. Not
surprisingly in these circumstances, a close look at the labor situation
on the existing perimeters shows that a significant portion of it is provided
by other than family members. The rule is in effect in all three countries
the recipients of plots should farm them directly. Nevertheless, new forms
of client and wage labor seem to be expanding on the irrigation schemes.

For example, at the USAID sponsored scheme in Bakel, it was found that some

30% of the plots were being farmed by someone other than the person mentioned.l5
At the Gorgol scheme in Kaedi, Mauritania, it was found that 41% of the
registered plot holders were salaried workers, officials, or merchants.

Twelve were‘marabOuts (Muslim religious leaders), and only 457% were primarily
agriculturalists. The marabouts send their young disciples to work in the
field; sometimes they are supervised sometimes not. Salaried workers and

other monied groups may work their own fields some of the time, but will
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supplement with wage labor and other family members help in peak seasonms.

Even among the 45% who were primarily agriculturalists traditional labor
oBligations were drawn upon. A similar pattern emerged for women's groupments
where the vast majority of the women members used paid labor in additiom to

their own.

Who are the paid laborers? There has been no systematic study, but
questioning of those working in the fields and employing people indicates
that most ﬁre referred to as nawetan, and originate generally ir Mali or
Mauritania, not far from the area in which they are working. Some are from
villages set back from the river which have no possibility of developing
irrigation, some are haratin from Mauritania seeking to escape the traditional
50% sharecropping system, some are herders destituted by the drought, and

some are local school children.

There are also cases of multiple plots assigned to single families.
These include not only former landowners, who are thus compensated for the
loss of their land, but also large and unusually enterprising families of
low origin who acquire more land because of their greater interest in farming.
In most villages migrants away in France or in African cities are allowed to
be allocated a plot provided they send a regular cash contribution to the
cooperative. This allows their families to survive and ensures the migrants

of holdings once they return.

Many who are participating or sponsoring the irrigated development of
the Senegal River valley wish to believe that this development will slow or
stop outmigration from the area. The assumption seems to be that reversing

a pattern of neglect will reverse its consequences. Now that it is not
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being neglected and capital is being invested in it, people will stop leaving.
At the risk of being simplistic one could reduce this to an invalid logical
syllogism. P (neglect) implies Q (outmigration) therefore not P implies not Q.
The reasons that this logic will not hold in the case of the upper Senegal
river basin are multiple. Most important from the migrants' point of view is
that wage scales in France are so far above incomes in Senegal. The average
migrant income in France in a 1972 study was estimated at 870 French Francs
per month, of which 40% was repatriated to Senegal, for a total savings of
200,000 Francs CFA (1972 U.S. $816) per year.16 A 1978 study found earnings
ranging from 100,000 to 180,000 CFA per month of which 20-43% was saved and
repatriated. Of the repatriated sum, only 44% was sent back during\ﬁhe migrant .
absence, by either postal mandate or personal correspondence, and 56% was
brought back by the migrant himself.17 The average wage corresponded to
132,500 CFA per month and the average savings to 36% of that or the equivalent
of 576,000 CFA (1978 U.S. $2,900). The typical jobs held included manual
laborer (35%), semi-skilled worker (57%) and sailor in the merchant marine
(35%2). One third of them were working in the Marseilles area, another 1/3

in the Paris region, 1/6 in the Lille area and another 1/6 at Grenoble.

In contrast, net earnings from irrigation currently range from negative
(cost of fuel, seed, fertilizer and pump amortization exceed income) to
ca. 200,000 CFA for the entire season (1982 U.S. $670). When one factors in
on the positive side the education and maturity that a man gains by migrating,
as well as on the negative side the hardship that he and the family left
behind endure, the balance stills comes out in favor of emigration for most
men and their families. The educational opportunities, improved health care,

rural electrification and other amenities that may over the long term come
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into the area as a result of the (MVS developments, as well as improved incomes
due to better efficiency of farmers and development agencies will certainly
" reduce the disparities. However, for the foreseeable future it cannot cloue

the gap.

Yet one cannot properly speak of the labor shortage in the river basin,
despite the sparse population and high rate of outmigration. The area under

'irrigation and total prodﬁction could expand many times using the existing
labor force more efficiently. But problems of organization, reliability and
indeﬁtgdness have to be resolved as the perimeters expand gradually. The
current projects enlist only part of the energies of part of the villagers.

As projects are gradually impfoving their rate of return and their reliability,

that proportion can be expected to grow.

Another constraint on expansion is that a legal framework allowing secure
tenure gf irrigated land ha2s yet to be developed. Land rights are currently
vested in the cooperatives in the villages of the Middle and Upper Valley, and
in SAED in the Senegales: Delta. SONADER's title is less clear. It controls
1/3 to 1/2 of the land in the large perimeters it has developed, but the legal
tenure to that land is still being challenged and has not been decided by the
government. The genmeral rule in both large and small perimeters is that
plots cannot be transferred except within families, and that abandoned plots
revert to the cooperative with no compensation to the person who levelled
and/or otherwise developed the land. So long as villagers are not allowed to
déiélop an economic interest in the land, there is little incentive for
investing all of one's time and energies in irrigationm. Canal maintenance and
goil conservation measures tend to be neglected. While these other constraints

continue to mandate gradual rather than sudden expansion, one cannot speak of
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an absolute labor shortage. The population is growing at a rate of about 3z
in recent decades, corresponding to-a doubling every 21 years. The combination
of growth and local mobility allows considerable flexibility in the local labor

situation.

The age structure of the returned migrant population in Figure 1, shows
that the highest proportion of them are relatively old. The proportion of
returned migrants begins to be significant only in the 45-50 age group and
increases sharply only in the 60-65 age group. Men of this age in traditional
society tend to do more organizing and supervising and less direct manual labor.
The migration experience also predisposes men to managerial roles, for returned
migrants are among the wealthiest residents of the villages due to their overseas
earnings. Certainly one cannot say that the arduous working and living
conditions that they endure in France prepare them for a role of leisure at
home. On the contrary, many are willing to come back and work more intensely
than those who never left. Nevertheless the continuing departure of yovzyg uien
and return of old men and the available supply of nawetan from still more
disadvantaged areas and families suggest that patron client labor will be an

ongoing feature of irrigated development.

In conclusion, it appears that outmigration has been institutionalized
in the Upper Senegal River Basin in a way that allows it to be a positive
factor in the spread of new technologies and the economic growth of the home
communities. It gives the migrants a receptivity to technological change,
and the capital and purchasing knowledge necessary to make it effective.
Although only a small number of Soninke return before they are iu the older

age groups, at that time in their 40s and 50s they have acquired managerial
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and organizational abiliti¢ that are very useful in the adaptation of new
technologies in the hom~ community. They have a politicgl and économic
sophistication that allows them to negotiate much more vigorously with
development agencies over the terms under which development will take place,
and ultimately gives them a larger role in the process. Returned migrants
predominate among leaﬁership of the new cooperatives that are being formed,
and even in the roles of village chief. Enough of them have worked in
mechanical jobs also to have brought a new mechanical maintenance capability
into the area that was not present a decade ago. The Soninke experience in
France as a marginal and temporary proletariat also tends to introduce more
egalitarian ideology into the region, and prepare the way for reception of

land-poor farmers of caste and slave origin into the irrigation developments.

Some of the same factors are at work in the Tukulor areas of the Middle
and Upper Valley. Migrants have taken the initiative in forming cooperativeb'
and mubilizing capital assistance for thelr home villages. However, from
Dakar they are not able to generate as much capital as from Paris or Marseilles,-
nor are they as likely to return to participate in the project personally.
Their home communities are more directly aependent upon SAED and SONADER
assistance. The tendency for Tukulor outmigration to become definitive and
for remittances to dwindle as family members go along makes outmigration a
greater consgraint at present for those communities than for the Soniake.
Over the long $erm, however, they have the advantage that the Tukulor comunities
in Dakar and Nouakchott have become major forces in national politics and
culture. Thus the two ethnic groups have institutionalized outmigration at
similar rates, but with very different results. Oné maximizes the prospects

of immediate capital accumulation in France and local devgiopment at home,



159

while the other is tending toward long term urbanization in the capitcais,

‘participation in national politics, and léss dynamic development in the original

homeland.
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ABSTRACT

In order to be most effective, fechnology transfer must contribute posi-
tively toward the development of a country. Contributions must includ:
training and possible institution building, for the end objective should be
to enable developing countries to develop on their own ahd increase their

gross national product using their own trained personnel.

One example of successful technology transfer‘that meets these criteria
is in remote sensing. Interpretation of Landsat and meteorological satellite
imagery is a useful tool to help resource managers learn where and how
extensive their resources are. The United Nations and many of the developed
countries have supported the establishment of remote sensing training centres
around the world, where resource managers can learn to interpret satellite
imagery and aircraft photographs to- help manage their natural resources. In
addition to these centres, both the U.N. and the USAID have sponsore& projects
using remote sensing. Some of these projects are described in this paper, along

with other projects which are still in the proposal stage.
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REMOTE SENSING TECHNOLOGY TRANSFER TO DEVELOPING COUNTRIES*

C.F. Withington
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In India there is a discussion going on now about installing automatic
coal loading facilities for the railroad. This would be considered a noble
idea until it is remembered that thousands of women, who now load coal, would
be jobless. Tnus technological change that relieves back-breaking labour is

not good if it doesn't create new jobs.

It is important to recognize that development must be undertaken by the
.people themselves. Therefore; all technology transfer should begin with
training. The training should be geared to the capabilities and needs of the

people.

Most of the policy-makers in developing countries recognize the need for
new technologies for their countries, for during the past several yéars, the
world economy has deteriorated due to the recent rise in oil nxices and the
following general world-wide recession. These financial crises have led policy-
makers to look for methods of increasing their gross natiomal product (GNP)
through increasing their agricultural and forestry output and developing their
petroleum and mineral resources. Unfortunately, in many cases, the decision-

maker £. ds it difficult to begin collecting data, because, although the

*The views expressed in this article are written in the author's personal
 capacity and do not necessarily reflect those of the United Natioms.
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resource data may be available, they have not been collected or displayed in é
manner that can be used. In other cases, base maps at a usable scale are
lacking, and thus the resource manager has no means of analyzing his data.
Finally, many resource managers and decision-makers have no detailed information
on the extent ard location of their resources and do not know where to begin

acquiring such data.

In this situation, many are turning to remote sensing techniques. Remote
sensing is, broadly, the identification of natural resources from satellite
imagery.and aerial photography. The current emphasis on remote sensing started
in 1972 with the launch of ERTS 1 (Earth Resources Technology Satellite which
is now called Landsat). The first satellite lasted 5 years and was followed
by 2 more. A fourth was launched in July, 1982. In addition, the French will

launch SPOT, an Earth Resource Satellite in 1984,

The first three remarkable Landsat satellites each have the ability to
take images of almost the entire world (the polar areas excepted) every 18 days
at approximately the same time of day for each area. The images are taken in
four bands of the electromagnetic spectrum; one each in the green and red parts
of the visible and 2 in the near infrared, just above the visible. When these
black and white images are combined photographically through the proper filters,
false colour composite pictures are produced. Interpretation of these images
makes an excellent tool for helping countries locate, gather and display infor-
mation on resources. Techniques have been developed, for instance, whereby

Landsat imagery may be inexpensively mosaicked to make geographically correct
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up-to-date maps of a country at scales as large as 1:250,000. Through photogeology
and other photo-interpretation techniques, along with correlation of existing
data, reasonable planimetric maps, base mape of mineral resources, water resources,

forest and range conditions and extent, and types of agriculture can be produced.

Althcugh most decision-makers in developing countries are aware of remote
sensing, they are not in a position to capitalize on its benefits. In order to
help the governments on the uses of remote sensing, therefore, a "Critical
world-wide nucleus" of natural resource specialists is being trained in remote
sensing techniques. The basic training can be done in oﬁe of the several
regional training centres that have been established around the world. Further
training can be carried on in their home country in remote sensing centres

established on a national level.

It is important that resource managers are trained in the analysis of
their own natural resources. If the task were done for them by experts from
the developed world, the reports would probably end up on a shelf. In addition,
few countries like outsiders analyzing their resource data without the policy-

makers knowing what has been found.

The great advantage of the Landsat imagery is that it is available to
anyone who wishes it. The United Nations early recognized the advantage of the
satellite imagery to the developing countries, and of the need to train the
resource managers in the interpretation of the imagery. As a consequence, the
U.N. along with many developed countries has supported training centres around
the world. Some of these centres are regional; the one in Upper Volta which is

supported in part by the Economic Commission for Africa, France, Canada, U.S.A.,
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and the West African governments, is designed to train resource managers for
the West African countries. In Kenya a similar centre has been established
with U.S., U.N. and African support to train East Africans. A third regional
centre is being established through the auspices of the Economic and Social
Commission for Asia and the Pacific (ESCAP) in Thialand to train south-east
Asians. Numerous national centres have also been set up, with UNDP's support.
The newest one is in China. In some cases, the governments established the

centres themselves, such as the one in Equador.

In addition to the remote sensing centres there have been numerous projects
undertaken by various organizations in which remote sensing has played an

important part. The following are some examples.

1. A river blindness eradication project in West Africa was designed to
use remote sc1sing to locate the breeding grounds of the fly that causes the
disease. The project resulted in showing conditions where river blindness
thrives, and in developing techniques to eradicate the fly that causes it.

By clearing up large areas of river blindness the governments are able to
provide areas where those displaced by the Sahelian drought could settle

safely (Tippetts, et al.).

2, The area framesampling project is designed to help developing coun~
tries determine their crop yields using remote sensing techniques (Wigton).
The project is being carried out by the U.S. Department of Agriculture under
AID auspices, in 14 different countries in Africa, Asia an‘' Latin America,
and is proving a most useful tool in helping countries determine their crop

yleld almost as soon as the harvest comes in. To do this an area is chosen
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of perhaps 100 sq km, and the crops measured throughout the growing season.
Satellite imagery is used to compare the reflectance of the known crops
with the unexamined areas, using the theory that if wheat, for instance,
has a given reflectance, then everything that reflects like wheat must be
wheat. Acreages of areas of wheat can then be calculated and when the
harvest is begun in the test area, ylelds per acre are known and can then

be projected for the entire country.

3. The U.N.'s Food and Agriculture Organization (FAO) in Rome has a locust
control project. This project is using both Landesat and meterological satellite
data to try to discover meteorological conditions that cause locusts to
"pbloom". It takes a combination of rainfall and vegetation to bring about
hatching of locusts. At the present time the only way to anticipate the
proper conditions is to drive around the deserts looking for possible areas
where oﬁtbreaks-might occur; this technique is not effective and a waste
of valuable energy resources. With the locust control project, the locust
control teams can be sent directly to suspected areas where extermination
can be undertaken. The interpretation is based on observing the rain shadows
from meteorological satellites, and observing vegetation on Landsat. These

techniques are nearly operational (Hielkema).

4. FAO also has a project to anticipate drought conditions in the Sahel,
using meteorological gatellite data. Wheather patterns are traced across
the Sahel and amounts of rain are estimated. These data are correlated with
the rain gauge information at the FAO. With this technique, it is hoped
that any future drought can be anticipated in time to get the necessary food

supplies to the needy.
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5. Natural resources studies using satellite information have been
carried on in a number of countries. Satellite data is being used to
determine the extent of these resources. In Syria, for instance, a natural
resource atlas will be produced by the Syrian Remote Sensing Centre. The
Syrians feel they are so far behind in learning where their natural resources
are and how best to develop them, that they are counting cu remote sensing
to bring them up to date. Already they have a good start on their soils
mapping, and will soon start on geology, water resources, and agricul:ure
monitoring. Senegal and Mali have resource studies underway for soils and
ground water supplies. In Mauritania, considerable work has been done on
trying to understand the advancing aesert, and develop ways of dune stabili-

zation. Remote sensing played a role in these studies.

For the future, a number of projects are being proposed to the various
developing countries. Water resources development is important since it is
vital that countries have a knowledge of their water resources. Water-borne
diseases, for instance, are by far the major killers of children. It is
a U.N. goal to develop safe ground water sources to help prevent these
diseases. Water is also important for agriculture, and satellite data can
be used to determine areas where ground water might be found, based on
analysis of geology and structure that can be interpreted. These data indica

areas where drilling might have the best chanre of finding water.

Monitoring coastal zone processes is one of the areas in which remote
sensing has not been tried to any great extent as yet, and one which gives

promise of contributing greatly to the understanding of changes that take
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place along the coast, especially in arggs_uhere rigers are to be dammed.

It is wise to try‘to antiéipa@e what changes will take place in an estuary
if the supply of“fre;ﬁ';éférsi;‘cut off. TFor example, if it had been
recognized what changes would occdf.in the Nile Delta with the completion

of the high dam at Aswan, it might have created more concern. The cutting
off of the annual fresh water influx with all the nutrients that- were
carried into the eastern MEditefranean Sea has all but wiped out the fishing
industry almost overnight. In addition the éea is gnawing at the coasgal
areas of the delta, eroding it, and salt water is intruding up the ﬁile,-‘
causing a loss of irrigation water in the delta area. All this must be
balanced with the benefits that the dam has b?éught, of course, but if the
disadvantages had been recognized some compromigse in dam construction

might have been made. Therefore, satellite is an excellent tool to find

out what conditions existed before a dam is built, and to monitor the
changes that take place after the dam 1s completed. Several new areas shoulg.
be examined for this now since in at least three area dams on river basins
are being developed which could extensively alter the estuaries and coastal
areas of the Gambia and Senegal Rivers in West Africa and Mahaweli River in

Sri Lanka.

In mineral exploration, remote sensing can make an important contribution.
As an example, the type of project in which remote sensing can play a major

role, might be for the exploration of gold in Upper Volta.
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Upper Volta is underlain by metamorphic and igneous rocks that contain
minerals in concentrations that could have economic value if they were
closer to markets. Unfortunately, Upper Volta, being land-locked, is placed
at a disadvantage as far as developing the known deposits of manganese,
marble and aluminum, all high bulk, low cost minerals that cannot compete
in the world market. Upper Volta, however, has the potential fbr deposits
of other minerals of high value, low bulk, which could compete, such as gold
and diamonds. The problem with these mineral deposits, however, is that
they have not only to be outlined but developed, their development will
undoubtedly be done initially by foreign capital managed by the Uppeerolta

Government to ensure that the best return accrues to it.

Upper Volta is-an area of few roads and few maps of a scale that can be
useful in prospectinglm,Thié'bas hindered mineral development. With the
growth of remote sensing techniques, a tool 1if available that can speed up
the exploration process.’ f& exploring for gold, a study of Landsat images
by Jan Kutina prepared for the U.N. several years\ago, showed that there

was a definite relation between the gdld-bearing rocks and the lipear

features that could be identified on Landsat imagéry.

The Voltaic géologists would be trained at the Remote Sensing Centre in
Ouagadougou to interpret the satellite imagery and determing places where gold
might quite likely be found, and to prospect in those areas. In addition, the

local farmers might be trained to look for certain types of rocks which they
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could bring to the geologists in return for a small sum of money. (Involving -
the locals is an excellent way to get an area prospected.. This method was
used successfully in the United States in prospecting for uranium in tﬁe
19508.) When deposits are found, foreign capital can be attracted to help’

debelop the deposits.

As with mineral exploration, remote sensing techniques can be used in
prospecting for areas where petroleum might be found. One area that came to
my attention is about 30 miles up the Gambia River from Banjul. Landsat
imagery shows that the course of a small river, the Minimum Beolson may be
caused by an uplift that may indicate the presence of petroleum (see Fig. 1).
The course of this river flows eastward, then southward before it joins the
" Gambia River. The Gambia itself séems also to have been affected by this
uplift: It is known that the area of the Landsat image is underlain by

gedimentary rbcks, and that petroleum has been found offshore.

In this paper I have tried briefly to show how remote sensing can help
solve problems in many diverse fields. Remote Sensing is, of course, not
the panacea to solve all the problems of the developing countries, but it
is one of the better tools that can contribute toward the managemeni of
natural resources by their own personnel through a method .at can be easily

and inexpensively transferred from developed countries.
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Pzrt of The Gambia and adjacent Senegal, showing extent of possible oil-bearing
structure. (Base after Remote Sensing Institute, 1980, Compte-Rendus du '
‘Seminaire de Teledetection, p. 486, Brookings, South Dakota. Landsat image
1213 10580)




BIOMASS.ENERGY TECHNOLOGIES IN RURAL DEVELOPMENT



ABSTRACT

Firewood, crcv residues and animal waste are among the most important
souvces of energy in the rural areas of the developing nations, being used
primarily as fuels for cooking. While energy requirements are likely to
grow in response to population growth, to raise productivity and to improve
standards of living, reliance on these sources of emergy will prohably
continue for the foreseeable future. This paper examines the potential of
selected biomass energy technologies to substitute for traditional forms of
biomass energy use over the next two decades. Anaerobic digestion, and
 pyrolytic conversion of biomass to prodvce higher grade liquid, solid and
gaseous fuels are examined. These fuels can be used more efficiently than
traditional forms, and can substitute for future requirements of petroleum

fuels.

The current supply of biomass resources and patterns of end-use
consumption in sic illustrative countries are projected to the year 2,000
to examine the potential of biomass technologies in meeting rural energy
needs. With one exception, the findings suggest a very significant role
for blomass technologies in the selected countries. These technologies
may be capable of supplying all anticipated rural energy needs under
certain assumed conditions. This potential can be realized, however, only
if a number of critical barrier.; to the diffusion of these technologies are

overcome through policies to encourage their spread.

178



BIOMASS ENERGY TECHNOLOGIES I RURAL DEVELOPMENT#*

Romir Chatterjee
United Nations Development Programme

and

Jechn Lee
Brookhaven National Laboratory

and
e
Vinod Mubayi
Brookhaven National Laboratory

INTRODUCTION
Firewood, dried crop residues and animal dung are the most extensively
used rural fuels.in most countries of the developing world. These bioméss
fuels provide energy for the principal energy-using activities in rural

areas, of which domestic energy needs for cooking are dominant.

Much of the ewergy presently used in the rural areas is for essential
human needs through the direct combustion of fuels at character#stically low
efficiencies, or, through metabolic energy inputs to provide mechanical power
for agricultural production. The current use of biomass fuels generally
takes place outside the market-piace (hence the term "noncommercial fuels"
has gained usage), and often, occurs in the conte#t of multiple uses for the
resources in question. Crop residues, for example, are applied to both energy
and non-energy uses, being used as fuel, fertilizer, building materials and

animal feed. Similarly, dung is both a fuel and a fertilizer.

*The empirical information in this paper is drawn from virlier work by the
author, reported in V. Mubayi, J. Lee, and R. Chatterjee, "The Potential of
Biomass Conversion in Meeting the Energy Needs of the Rural Populations of
Developing Countries - An Overview," American Chemical Society Symposium
Series, No. 130, Washington, D.C., 1980.
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Historically, modernization in the world's rural areas has bzen accoﬁpa—
nied by an aggregate increase in energy requirements and also by changes in
the pattern of fuels consumed. A shift from biomass fuels to petroleum prod-
ucts to provide emergy for a variety of on-farm and off-farm uses has been
the traditional energy 'transition' accompanying the development process in
the rural areas. Nowhere has this transition been more dramatic than in the
rural areas of the United States. An almost exclusive dependence on wood,
providing, one hundred years ago, ninety per cent of all rural energy needs,
has been replaced almost engirely by a reliance on rfossil fuels. While the
developing world today relies, as the United States once did, on biomass fuels.
in many regions there are signs of a similar transition under way. Kerosene
is widely used as an illuminant, and as a fuel for cooking. Dilesel oil and
gasoline are important fuels for irrigation pumps, farm equipment and trans-
portation. The indirect use of petroleum in the fofm of naptha for fertilizer
production has also become widespread. However, the world oil situation now
makes the "petroleum route" to development an increasingly difficult one for

many developing countries.

While it is widely accepted that modernization and development will con-
tinue to mean that energy use will expand in both aggregate and per capita
terms in most developing countries to raise agricultural productivity, to
provide off-farm employment and to provide essential amenities to improve
the quality of life (for lighting, potable water and sanitation), it is also
reccgnized that the reliance on biomass sources of energy will continue, at
least over the next twenty years. In this context, two concerns emerge in

'[evaluating the future pattern of consumption and supply of fuels and energy
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in the rural areas of the developing world. The first of these concerns is

to assess the over-all adequacy of biomass resources in relation to the likely
evolution of fuel requirements. The second concern focusses on i&entifying
potential conversion technologies to transform biomass resources into fuels
that can meet the expected pattern of end-use demands, and that can also be
used more cfficiently. The efficient use of biomass resources is particularly
relevant in countries where deforestation, soil erosion and associated
ecological impacts are clearly in evidence, and are associated, at least in
part, with the growth of fuelwood demands among rural populations. (Nepal and

the Sahel are some of the more dramatic recent examples of such regions.)

This paper presents a preliminary assessment of the potential contribution
of biomass conversion technologies to future rural energy needs in six selected
countries: India, Indonesia, Peru, Sudan, Tanzania, and Thailand.(l) While
the choice of countries for analysis was dictated in part by considerations of
available data, they also present a useful range of variation in resource
availability and consumption patterns. Taken as a group, they typify the
rural energy situation in a large number of developing countries in South, and
South-east Asia, Africa, and South America. Our overview assesses the potential
availability of biomass resources in each of the selected countries, and pre-
sents estimates of the current pattern of end-use rural energy demand. Current
consumption is projected to the year 2,000, based upon our estimates of future
subsistence needs (e.g. erergy for cooking), and of future energy needs
agsociated with increasing productivity and improved living standards. The
potential application of selected biomass conversion technologies is then

assessed in the context of these possible fﬂture requirements.
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The technologies selected for analysis are: anaerobic digestion of wet
biomass to produce methane, and the pyrolysis of dry biomass to produce char-
coal, 1liquid fuels, and low-Btu gases. Preliminary estimates are made of the
amounts of fuels that could be produced in each of the six countries, using a
combination of these technologies. It is our finding that biomass conversion
technologies, providing a variety of fuels which can be effiqiently used, will
be essential to meeting future subsistence and developmental energy needs in

these countries.

In five of the sirx eountries (the exception being India), the use of these
technologies can fully meet both subsistence and developmental energy needs of
their rural populations. The successful implementation of these technologies,
however, will rest on a much fuller analysis of institutional, economic and

social barriers to their widespread dissemination in each country.

CURRENT SOURCES OF BIOMASS SUPPLY

The principal sources of biomass used for energy purposes are wood, (gath-
ered from forests, orchards and farms), agricultural crop residues and animal
wastes. Human wastez can also be potentially consids 2d z5 an energy resource
for biomass conversion technologies such as anaerobic digestion if appropriate
sanitation systems and collection practices are employed (as, for example, in
many Chinese villages). We exclude from our purview organic matter which
could be potentially grown in "energy plantations" in agriculture, silviculture,
or aquaculture. This is not to suggest that such plantations are not potentiall
important sources of biomass energy in developing cougtries. However, an
evaluation of their contribution would require an analysis of alternative
land-use patterns which are gpecific~td'eaéh.countfy and falls outside the

scope of our assessment.
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Table I provides estimates of the biomass produced annually in each of
the s8ix countries. However, this biomass is not all available for energy
conversion. There are numerous uncertainties involved in attempting to
estimate the amounts of biomass that could be used as an energy source such
as the fraction of wood, crop residues, and animal wastes that can be collected
and the alternative non-energy uses that exist for the amounts that are
currently collected. Crop residues, for example, are commonly utilized for
animal feed and sometimes as building materials; animal dung is utilized as a
fertilizer, and so forth. We have nevertheless, attempted to obtain prelimi-
nary estimates of the biomass avallable for energy conversion in the six
countries based in part on existing data, and in part on thé use of reasonable
assumptions. Such crude estimates are adequate for the purposes of an overall
assessment of the impact of biomass conversion technology on rural energy mneeds,
and are reasonable approximations of the amounts of biomass that could be made
avallable for energy conversion. Assuming an average energy content of 14
billion joules/dry ton for crop residues, 15 billion joules/dry ton for animal
wastes and 16 billion joules/dry ton for fuelwood, the total potential for

energy from blomess can then be calculated based on these estimates (Table II).

In order to asseus the significance of these estimated energy potentials,
we have compiled the tust available data on the current rural biomass consump-
tion for energy in the six countries (Table III). It appears that for Sudan
the biomass energy potential, estimated at 650 x 1015 joules, 1is about ten

times its current biomass consumption. For Peru, the potential is estimated

>

at 1341 x 1015 joules, which is enough to supply all its rural biomass energy
{
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needs 7.5 times. The potential for other countries is about twice the rural
consumption for Indonesia, Thailand, and Tanzania, and 1.5 times for India.

To fully utilize this dotential, however, requires an understanding of a
disaggregated pattern of rural energy needs and the biomass conversion techno-

logies that can transform this potential into usahle fuels.

RURAL ENERGY SUPPLY-DEMAND PATTERN®

Table IV shows the estimated energy use by type and end use for the six
countries studied. It appears that the energy share of cooking and heating,
which is primarily from wood, ranges from a high of 98.5% (Tanzania) to a
low of 86.4% (India). Lighting (mainly supplied by kerosene) accounts for
about 3% or less of the total rural energy consumption. Although direct fuel
use in agriculture (irrigation, soil preparation and hLarvesting) is proportion-
ately small (from 0.3% in Tanzania to 9.7% in Sudan), the total energy require-
ments of this sector are in general much greater if energy embodied in
metabolic forms, such as human and animal power were to be included. Energy
use in rural transport, which depends on draft animal power, would be a
particularly large component, under these circumstances. In order to assess
the potential increase of fuel demand due to mechanization of agriculture and
transportation, we have estimated the amount of useful work contributed by
draft animals in the six LDCs based on the number and intensity of utilization
of these animals in each of these countries (5,11,16). The estimates show
that total animal energy demand varies widely, from a negligible amount in
Tanzania to about 94 x 1015 joules in India. Cottage industries which include
activities such asbrick-making, pottery and metal works mainly use energy to
provide process heat and their energy shure appears generally small except

in India (9.3%).
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TAALE IV (conme,)

Indonests (1972)

cror ALMAL  CONOMERCIAL g or
JURLVOOD ~  Resipues VASTES UL SURTOTAL TOTAL
RESIDENTIAL
Cooking/Mesting  800.0 200.0 - - 1000.0 96.4
Lighting - -~ - 30.0 0.0 2.8
ACRICULTUAZ - - - 4.0 4.0 0.4
Ierigetion
Sotl
Preparation,ete.
COTTACE INDUSTXY - - - 1.6 1.6 0.2
TRANSPORTATION - - - 1.7 1.7 0.2
TOTAL 800.0 200.0 — .3 103s.7 100.0

Istimated Animal work in sgriculture and transportation: 67 = lou Joulas
Source: (14).

Sudan (1974)

CRor ANIMAL COMNIACIAL X or
FURLWOOD RES1DLUES VASTES neL SUBTOTAL TOTAL
RESIDENTIAL
Cooking/Raating 150.0 2.4 -— - 232.4 9.0
Lighting - - - 3.0 3.0 1.1
ACRICULTURE
Ierigation -— -— - 3.0 3.0 1.3
Seil
Preparation,ete. - - - 4.0 4.0 1.5
COTTACL INDUSTXY - - -- 0.2 0.2 0.1
TRANSPORTATION - -— - 0.4 0.4 0.2
TOTAL 250.0 2.4 -— 9.6 263.0 100.0

Estimated Animal work in agriculture and transportation: 1.0 x 10'% Joules
Sources: (10) and (18).



Cror
SJUELVO0D  agstdues VASTYS

RESIDENTIAL®
Coohing/Heating 320.0 - -—
Lighting | em - -
AGRICLTURE - - -—
Irsigation
Soil
Preparation,ate.
COTTACE INDUSTXY - . -
TRANSPORTATION - - -

TOTAL 320.0 - -
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TABLE IV (cont.)

Tansania {1917)

ANTMAL  cOMMERCIAL
~ne

4.0
1.0

SU2TOTAL

jt0.0
4.0

315.0

Estinated Antmal work i agriculture and transportation; KNegligible

u.

Source:

Sources: (13) and (20).
India £1972)
cxor ANTHAL COMERCIAL
FURLWOOD RESIDURS VASTES JEL SUITOTAL
RESIDENTIAL
Cooking/ileating 1700.0 £60.0 760.0 50.0 292.0
Lighting -~ -— -— 7.0 %.0
- AGRICULTURR
Irrigation - -~ - 35.0 3.0
Soil
Preparatien,ate, . = -~ —~ 13.0 13.0
COTTACE INDUSTXY 200.0 12.0 100.0 4.0 316.0
TRANSPORTATION - - - 2.0 2.0
TOTAL 1900.0 472.0 860.0 198.0 3180.0
Lstinated Anisasl vork in agriculture an: transportai,o. 94 x lo" Joules

2 or

—fora

1.3
1.2

0.3

1o0r

TOTAL

86.4

2.2

1.6

0.4
9.
0.1

100.0
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TAME. IV

Pevu (1977)
I

. Cxor ANIMAL COMMIRCIAL g or
FULLVOQD RES1DURS UASTES FULL SUBTOTAL  _ YOJAL
RESIDENTIAL
Cooking/Heating 130.0 .- %.0 6.) 168.) 90.8
Lighting .- - -~ 3.6 3.6 3.0
ACAICULTURE - L1 . %93 9.3 3.7
lerigatien
sotld
Prapsration,etec.
COTTACE INULUSTRY - -~ .- 1.0 1.0 0.3
TRANSPORTATION e - - 1.0 1.0 0.5
TOTAL 138.0 L 26,0 23.4 183.4 100.0

Cstimdted Animal vork in agriculture and transportation: 7 x lo“ Joules
Source: (8).

Thafland (1978)

crop ANIHAL COMERCIAL g or
FUELVOOD RESIDUES WASTES FUEL SUBTOTAL TOTAL
RESIDENTIAL
Cooking/Heating  &40.0 6.7 - e 446.7 86.5
Lighting - - ' L) 13.4 13.4 2.6
ACRICULTURL - .- - £6.5 46.9 9.0
ferigation
Sotl
Prepsration,ete.
COTTACE INDUSTAY ~ 6.3 ‘- 1.7 8.0 1.5
TRANSPORTATION - - - 1.7 1.7 0.4
TOTAL &40.0 1).0 - 6.3 316.) 100.0

Estizated Anical vork in agriculture and transportatfon: 8 x lo“ Joules
Sources: (1) and (19).
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TECHNOLOGY OVERVIEW

Biomass conversion technologies can be classified into three main types:
Anaerobic digestion, pyrolysis and alcohol fermentation. In anaerobic digeé-
tion, organic materials are broken down by microorganisms in the absence of
oxygen to produce methane. Although this process has been used in urban
waste disposal for many decades, its utilization for producing energy at the
village or individual household levels is still relatively new. China and
India are two countries where the technology has, perhaps, been most extensive-
ly implemented in rural areas (4,21,22). Animal wastes 'are the most widely
used input materials in the digestors currently operating although crop resi-
dues or a mixture of crop residues and animal wastes can also be utilized.
One great advantage of anaerobic digestion is that the left-over slurry after
the digestion process generally preserves the nutrient values_of tﬁe input

feed and can be used as a good organic fertilizer.

Pyrolysis is an irreversible thermochemical change in which, biomass
materials are heated in an uxygen-free, or low-oxygen atmosphere, decomposing
into less complex organic compounds to producé‘a mixture of charcoal;
pyrolytical and low-Btu gas. These fuels can be used with higher energy
efficiency than the direct combustion of biomass materials. Although pyro-
lytic conversion of wood into charcoal by means of simple earth-covered kilns
has been widely used for many centuries in the rural areas of many LDCs, the
process is very inefficlent and does not permit the recovery of the liquid
and gaseous energy by-products. However, a number of promising pyrolytic

processes have been developed to produce charcoal and other high grade fuels:
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(a) continuous low-temperature pyrolysis of wood and crop residues with var-
ious retort designs (22), (b) small scale gasification of wood and crop
residues (24,25), (c) medium to large scale distillation of wood to produce

methanol (25,26).

Alcohol fermentation is a microbiological process to produce ethanol
from a variety of sugar containing materials. Various cellulosic forms of
biomass ﬁhich can be converted to glucose sugar through enzymatic or acid
hydrolysis are also being tested as substrates in tals process in many on-
going research projects (27). Because of gecgraphical, economical aud other
constraints on producing the fermentable sugar needed in this process on a
large scale, Brazil is the only country, at present, which has developed a

substantial program to produce ethanol for energy use.

Table V lists eight processes that appear as the most likely candidates
for processing organic materials into fuels. It should be noted that the
table is intended for descriptive purposes only and not for comparison of
these processes. In addition, the determination of the maintenance require-
ments was highly qualitative and the energy costs of each process were not
necessarily derived on the same basis or definitions. In the assessment
that follows, we have excluded alcohol fermentation because in its present
status of development, it requires grown organic materials such as sugarcane
‘as substrates. In planning a future biomass conversion development st.ategy,
however, the selection of technologies for a country is much more complicated
and the following criteria should be taken into consideration: (a) sustaina-
bility of substrate (b) maintenance and technology requirements (c¢) capital
costs (d) adaptability to a variety of different environments (e) ability to
supply the existing and projécted pattern3 of end use needs (f) acceptability

in the cultural and social structure.



Tablo V

Biomass Conversion Technologies

Estimated -

Status of Maintenance Sustainability ~Enecrgy Cost
Energy Product Substrate Process Technology Requirement of Subsatrate (SIIO9J)
Methane Crop residues Anacrobic Well developed Low liigh 2-4%
Animal wastes digestion ) _
Charcoal Wood Carbonizatfon Well developed Low Country Z-Gb
by kilns dependent
Charcoal, Wood Pyrolysis Available High High 1-3¢
pyrolytic oil Crop residues
Methanol Wood Pyrolysis/ Development High Country 8-10d
distillacion stage dependent ‘
Ethanol Sugarcane Batch Availabie High Country 18-20°
fermentation dependent . ‘
Ethanol Crcp residues DBatch Research Mediun High 30-50f .
fermentation stage
SNG Wood Casification Development High Country . 6-88
atage dependent

:nascd on als mjfday community size plant Does not include collection cost of wastes (28).
Lower limit based on retail pricc of charcoal (1977) in Thailand (2%) and upper limit based on retail priceo
cof charcoal (1977) in Ghama (23). '

Lower limit based on production cost of a pyrolytic converter with one ton/day capacity (7).

Upper limit based on production cost of a designed converter with six ton/day capacity in Ghana (23).
-%pascd on the economic feasibility of a plant of 100,000 gallon/day capacity at a fecedstock cost of $19/ton
edry wood (13).

Calculated selling price based on a feedstock cost of $13.6/ton in Brazil (30). :

Bascd on the cconomic feasibility of a plant of 75,800 gallon/day capacity at a feedstock cost of $i5/ton

dry wood (13).
83ased on the economic
dcy wood (13).

feasibility of a plant of 6.4 x 106 SCF/day capacity at a feedstock cost of $19/ton

161
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THE FUTURE POTENTIAL FOR BIOMASS TECHNOLOGIES

The information on current end-use patterns of energy conSumpﬁion and
information on emergy supplies in each of the six countries discussed earlier
‘. héve been used to construct integrated future scenarios of rural energy de-
mand and supply in the year 2,000 in which the potential for biomass conver-
sion technologies 1is displayed. The methodology used in this analysis is the
construction of a general network diagram of the rural energy sector, in
which detailed estimates are made of energy flows for each fuel conversion
system to each major emergy using activity. This approach is based on a sub~-
system -of the Less Developed Countries Energy System Simulator (LDC-ESNS)
developed at Brookhaven National Laboratory (32). Such a schematic Reference
Energy System (RE3) of the rural sector is shown in Figure 1. Once such a
current view of rural energy flows is constructed, simulations of alternative
futures can be constructed to make quantitative assessments of the impacts of
new technologies, using assumptions about the future pattern of end-use de-

mands, and about the possible range of fuels and conversion systems to be used.

A number of key assumptions in this analysis concern the future growth of
energy demand and the availability of biomass resources. It has been assumed
that energy for subsistence needs is likely to grow at the same rate as the
average rate of population growth in the six countries, a rate of 2.5 per cent
per year. Fuel requirements for productivity increases and other development
objectives are assumed to grow at an annual rate of 5per cent, Or roughly in
proportion with optimistic long-term projections of increases in real income.

In addition, it has been assumed that 20 per centof the current inputs of
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draft animal power in agriculture and transportation will be replaced through
mechenization. The net result of these agsumptions on the demand side are
projections of end-use energy demands that may be judged to be on the high side

(primarily due to assumptions concerning development-asisociated energy needs).

A further important assumption on the demand side concerns the efficiency
of conversion at end-use. In matching projected energy demands by end-use
with the future supply of fuels from biomass resources, the direct combustion
of biomass fuels at comparatively low end-use efficiuncy levels (primaril& for
cooking at efficiencies usually in the range of 10 to 20 per cent) is replaced
by fuels that can be utilized at much higher efficiencies (in the range of 30
to 50 per cent). We have assumed a middle estimate of tuture end-use efficien-
cy, using a conversion factor of 40'per cent to estimate end-use fuel require-
ments in the year 2,000.' The implication of this assumption is that relatively

smaller amounts of fuel will be required per unit of future end-use energy.

With respect to the future supply of biomass resources, it has been
agsumed that_biomass availability will remain constant at current levels, to
provide a "lower bound" estimate of the future biomass energy potential. In
fact, the future supply of biomass in the selected countries under review may
well be higher than we have assumed, if increases in agricultural productivity

occur, and if scientific management practices are applied to forest resources.

Our overall corclusions concerning the future potential for biomass
technologies may be judged as being conservative, since our assumptions about
the growth of demand are on the high side, while assumptions concerning the

supply of biomass fuels are conversely on the low side. Our results for the
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year 2000 are shown in Table VI. The amounts of energy that can be produced

by the technologies we have selected are matched against the end-use demand

for energy in the six countries for the yéar 2000. Indicated levels of

energy for subsistence are almost entirely made-up of domestic ‘household

demand for cooking and lighting. Evergy for development focusses on the energy
needs of agricultural production, rural industries, transportation and improving
living standar&a of the rural population (17,33). A very rough attempt has been
made to divide the developmental energy needs into the need for heat energy and
the need for motive power, which we assume will have to be met almost completely
by liquid fuels, and stationary mechanical power, which can be met by gaseous
fuels as well (e.g., biogas) or by conversion to electricity. This division,
however, is subject to a large number of uncertainties. It is provided here as
a purely normative estimate to serve as a quantitative bench mark against which

the impacts of biomass conversion technologies can be evaluated.

From this preliminary analysis, it is evident, that biomass conversion
technologies have the potential to meet the projected rural energy demands
for both subsistence and developmental needs in five out of the six countries.
Only in the case of India does there appear to be a significant shortfall and
much of that is in the category of liquid fuels. This shortage reflects the
fact that the technology we have chosen, methanol from wood, requires an input

which is in relatively short supply in India.

CONCLUSION
It has been shown, that from an overall technological and resource
standpoint, biomass technologies do appear to offer a significant possibility

for meeting the future energy needs of the rural areas of a number of developing



Country

Peru
Thailand

Indonesia
India
Sudan

Tanzania

Table VI

Projected Rural Energy Demand (2000) and Supply of Bioconverted Fuels

Subsistent Energy
Demand Supply .

130
330
960
2530
200

230

130
330
960
1940
200

230

15

41n forms of charcoal, biogas, and pyrolytic oil.

digestion and 662 for pyrolysis of crop residues and fue

6 units of charcoal and &4 units of pyrolytic oil).

bIn forms of charcoal, pyrolytic ofl, and pyrogas.
units of fecdstock produce 5.8 units of gas and 1.7 units of charcoal).

Assuaing 752 efficiency for gasification

€In form of Mcthanol. Assuming SOI efficiency for pytolyaisldlsttllailon of wood.

d. ~~rms of energy content of biomass wastes.

(10" “Joules)
_Developmental Developmental (Mech. Supply/Demand Biomass
Encrpy (lleat) Energy Power) (%) Surplus
k) 3 40 40 >100 1040
15 13 150 145 99 - 10
7 7 90 90 >100 500
505 210 370 -~ 63 -2250
1 1 27 27 >100 240
1 1 4 ) >100 213

Assuaing 55X conversion efficicncy for anaerobic
lwood (15 encrgy units of feedstock produce

(10 energy

961
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countries. In particular, biomass conversion technologies can potentially
provide the kind of high-grade energy, especially 1liquid fuels, necessary

for further development and which can serve as an alternative for scarce
petroleum fuels. Biomass resources are, in many cases, locally available and
renewable, if proper resource management, especially of forests, is practiced.
‘(An exception to this for the countries studied in this paper are the forest
resources of Indonesia and Peru which are remote from the main areas of rural
settlement.) From a system point of view, since rural energy demand arises
from a large number of dispersed and poorly connected uses, the availability of
local resources which can be transformed into useful energy products on a
decentralized level is a definite benefit. It avoids the necessity of investing
in an elaborate centralized enérgy distribution system which is susceptible to
a number of problems, as 1s jllustrated, for example, by the experience of

rural electrification programs in many developing countries.

However, the difficulties of implementation of biomass technologies in
the rural context should not be underestimated. Current biomass use practices
have evolved through many millenia of social and cultural adaptation and new
ways of dealing with the same resource will have to overcome a number of
institutional, cultural, and gsocial barriers. For example, a community size
anaerobic digester operating on the animal waste inputs from privately owned
cattle or other animals presupposes a certain degree of cooperative arrangements
among the owmers for effective management of a collection scheme. Wood that
was formerly gathered privately and used in individual households but now has
to be turned over to a processing plant for manufacture of higher-grade fuels

requires new social and institutional arrangements to ensure that benefits
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are properly distributed. Furthermore, even for technologies that are rela-
lively simple, some technical gkills are necessary for adequate maintenance
and operation. Such skills are usually in short supply in most rural areas.
This implies that training and extension nrograms will be needed if new energy
technologies are to be implemented on a large-scale. Also important is the
fact that rural areas are not 'closed' systems. Market forces could result in
the export of high-grade fuels to '‘better-off' urban areas, leaving the rural
areas short of energy as before. The Brazilian methanol program whose output

largely goes to fuel urban automobiles is an illustration of this problem.

Not least among the problems of implementation raised by biomass energy
technologies are their financial costs. By comparison with traditional fuel
supplies, the conversion processes ¢j.cussed in this paper must be judged as
being gapital-intensive. Low per capita incomes, and uneven income distri-
bution are characteristics of many rural regions in the developing countriés;
Capital costs, under these conditions, will pose a significant barrier to the
diffusion of these technologies, even though the collection costs of the basic
raw materials are likely to‘be low. Cost information based on operational
eiperience with biomass technologies in the developing countries is, at best,
fragmentary. But it is safe to assume that their application on a wide scale

will require a large commitment of financial resources.

One recent estimate of financial reqirements for support and pre-investment
activities related to renewable energy technologies in the developing countries,
made by a Joint Study Group of the World Bank and United Nations Development

Programme (UNDP), suggests that in the 1980s a conservative figure for such
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expenditures is $2.4 billions (34). The technologles included for study
included photovoltaics, solar thermal, wind, biomass, and ocean energy. The
potential for biomass technologies is implicitly recognized by the Study Group
in its estimate that these technologies will alone require $944 millions,

or 40 per cent of the total. There are few guarantees that such a large
commitment of resources for pre-investment activities will materialize.
Nonetheless, it is a fair assessment that in the absence of a very large effort
towards field-testing, research and development, training and detailed design
and engineering studies, it is unlikely that the ground will be adequately

prepared for the widespread dissemination of biomass technologies.
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RULE OF TECHNOLOGY IN REDUCING POST-HARVEST FOOD LOSSES



ABSTRACT

Efforts to improve the world food supply have tended to concentrate on
slowing population growth and increasing agricultural production. Reduction
in post-harvest loss as a means of increasing food supply has received far
less attention. The magnitude of food loss in developing countries varies
from 5-807% depending on various factors such as location, season, post-harvest
treatment, duration of storage and commodity. The Natiomal Research Council
has estimated that there is a minimum of 10% loss for cereal grains and 202
loss for non-grain staples and other perishables including fish. Existing
technologies are suggested in both sophisticated and simplified forms to
significantly reduce the post-harvest food losses. A concerted effort must
be made by respective governments and international development agencles to

improve the post-harvest food yields.
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ROLE OF TECHANOLOGY IN REDUCING POST-HARVEST FOOD LOSSES

Mir N. Islam
Department of Food Science and Human Nutrition
University of Delaware, Newark, DE 19711

INTRODUCSTION

World hunger not only persists in our time, it is on the increase.
FAO estimates put the number of chronically undernourished people in developing
countries at 420 million in 1976, up from 360 million in 1971 (Anonymous,
1981). The grossly underfed repre-ent 12.5% of the world's population, but
it is estimated that close to half of the world's population has a marginal
food intake (Kahn, 1981). As population increases, the number of undernourished
is also expected to increase. It is estimated that world foud demand in 1985
will be 44% greater than in 1970; approximately 70% of this estimate will be

required to feed thcse in the developing countries (Kahn, 1981).

Efforts to improve the world food supply situation have tended to
concentrate on slowing popuvlation growth and increasing agricultural production.
Another area of effort which goes hand in hand with these, but which has
received less attention, is the reduction of post-harvest food losses, or to
state it more positively, as recommended by Hulse (1977), the improvement of
post-harvest food yields. Much has been done to increase agricultural yields,
and while these.are essential activities which should continue, it must be
borne in mind that the real goal is to cee that more food reaches the mouths
of the hungry. The nature of food production--being a seasonal and localized
activity--creates a £1uctuation in the supply of food. From this arises the

need for food preservation, storage and transportation. The movement of food
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from producers to consumer can be illustrated as a food pipeline (Bourne,

1977; NRC, 1978).

| Figure 1 summarizes the various factors involved in food loss from
the point of harvest or production until it reaches the consumer. The majér
steps in transition.are jndicated as preprocessing, tramsport, storage,
processing and packaging, and finally marketing. Under each of these transitior

steps we see the most relevant factors that contribute to food loss.

The scientific principlesAgoverning food deterioration have been and
are being elucidated, and methods for controlling post-harvest food losses
are well known in developed countries. While scientific principles are
universally applicable, technologies are not necessarily so (Hulse, 1977).
The problem then, is to adapt and apply knowledge to the needs in a particular

situation.

MAGNITUDE OF FOOD LOSS

The magnitude of‘food loss in developing countries cannot be stated
with any degree of accuracy beﬁause losses are very specific by location,
season, post-harvest treatment, duration of storage, and commodity; and
reliable food loss data is lacking. The National Research Council Committee
on Post-harvest Food Losses in Developing Countries, in its 1978 report
(NRC, 1978), resisted extrapolating loss estimates from one situation to
another to arrive at general national or global estimates. However, the
need for indicati;e figures for use by policy planners and the like was
recognized by the panel and they therefore provided minimum overall loss

figures. - In developing countries, the assumption may be made that there is
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é pinimum of 10% loss for durables, i.e., cereal grains and grain iegumes;
and 20% loss for non-grain staples, i.e., yams, cassava, etc., and other

perishables including fish (Table 1).

Table 1.

Estiuates of Minimum Post-harvest Food Losses
in Developing Countries, 1976

Durables Perishables Fish

. '1976 food production

- (million tonnes) 420 255
E_stimated minimun loss % 10 20
Estimated minimum loss .
(million tonnes) 42 51 10
Estimated price/tonne ($US) 165 25 255
Estimated loss value
($US billions) 6.9 1.3 2.3

Source:' NRC, 1978.

The 42 million tonnes of grains and legumes estimated to have been lost
in 1976, using the conservative minimum loss of 10%, is equivalent to 60% of
the total annual cereal production of all of Africa, or 95% of Canada's total

ﬂannual cereal production. This quantity of grain, 42 million tonnes, could
;ﬁore than suffice to meet the caloric needs of 168 million people for 1 year

(NRC, 1978).

By region and commodity, there is great variation in reported loss
figures. Data from FAO, 1977, Analysis of an FAO Survey of Post-harvest
Crop Losses in Developing Countries (in NRC, 1978), show that losses of
cereal grains and grain legumes may be much greater than 10Z and loss of

perishables may be greater than 20% in many instances.
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Table 2 shows the loss of maize in several countries. On the right hand
side column we have the national production in thousand tonnes.® Brazil reported
15-40% loss which is rather high especially in view of ‘heir relatively large
production. Table 2 also demonstrates the wide range of total loss between

countries relative to their production.

Table 2.

Reported Losses of Maize within the Post-harvest System

. Reported
) National Production
Region & Country Total % Weight Loss (thousand tonnes)
Bra;il 15-40 17,929
Mexfco 10-25 8,945
India 6.5-7.5 - 6,500
Indonesia 4 2,532

Source: NRC, 1978.

Table 3 shows the reported loss of wheat in India, Pakistan and Brazil.
There is quite a large variation in the degree of reported losses £rom India.
The losses depended upon various factors guch as the location, available
faciiities, the degree of mechagization, and the post-harvest treatments.
The loss for Pakistan was reported to be 12X and that for Brazil 15-20%.

Table 3.

Reported Losses of Wheét Within the Post-harvest System

Repor ted
National Production
Region & Country Total % Weight Loss (thousand tonnes)
india 2-52 , 24,000
Pakistan 12 8,500
Brazil 15-20 206

Source: NRC,'1978.
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Table 4 shows tie relative percent losses of rice in India, Indonesia,
Bangladesh, Thailand, and Brazil. The trend for rice is somewhat lower than
the losses reported for mailze and wheat. This is perhaps because the paddy

is relatively more resistant to insect or microbial damage.

Table 4.

Reported Losses of Rice Within the Post-harvest System

Reported
National Production

Region & Country Total % Weight Loss _(thousand tonnes)
India 6 70,000
Indonesia 6-17 22,950
Bangladesh 7 18,500
Thailand 8-14 14,400
Brazil 1-30 9,560

Source: NRC, 1978.

Table 5 gives information on josses at various stages of rice processing.
On the right hand side in one column is grain input and in the other column
grain output. It appears that starting with 100 kg at the time of harvest
the final yield after milling was as low as 68 kg.
Table 5

Rice Loss Estimates for Southeast Asia

Stage Loss Percentage Grain In (kg) Grain Out (kg)
Harve§ting 1-3 100 97-99
Handling 2-7 97-99 90.21-27.02
Thr?shzng 2-6 90.21-97.02 84.80-95.08
Drying 1-5 84.80-95.08 80.56-94.13
S?orfng 2-6 80.56-94.13 75.73-92.25
Milling 2-10 75.73-92.25 68.16-90.41

Source: De Padua, D.B. 1974. Post-harvest Rice Technology in
Indonesia, Malaysia, the Philippines, Thailand: A State of the
Art Survey. International Development Research Centre, Ottawa,
Canada. Cited in NRC, 1978.


http:75.73-92.25
http:68.16-90.41
http:75.73-92.25
http:g0.56-94.13
http:84.80-95.08
http:80.56-94.13
http:90.21-97.02
http:84.80-95.08
http:90.21-27.02
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Tﬁe National Research Coun:il Committee on Post-harvest Food Lusses in
Developing Countries (1978), while calling for more reliable assessment of
losses, recognized that often it is uanecessary or i{mpossible to scientifically
assess the degree of lcss. The observations and assessment of the situation
by experienced individuals often are sufficient to warrant food conservation

measures.

So although the magnitude of the food loss problem in developing countries
defies quantification, it is known to be enormous. World-wide attention was
dravn to the problem in 1975 when the U.N. called for a goal of a 507 reduction
in overall food losses by 1985. Ia 1977, the FAO conference established an
Action Programme for the Prevention of Food Losses to be financed by a special
account based on voluntary contributions with a goal of $20 million. The
program is initially concentrating on the farm and village level and staple
crops. Of the 52 projects approved for financing by the end of 1979, 38
involved improvement of food storage facilities at the farﬁ, cooperative or

village level (FAO, 1979).

Food "loss" as the term is presently used by experts such as the NRC
Committee on Pest—hatvest Food Losses in Developing Countries, means a
quantitative loss of food. Bourne (1977) defines "loss" as "any change in
the availability, edibility, wholesomeness or quality of the food that prevents
it from being consumed by ; ople". Food loss as so defined may be direct-
-such as disappearance of food consumed by birds, rodents--or indirect--such
as the quality loss of che food reaches the point where it is rejecéed for
human consumption. The extent of quality loss at which food 1is rejected
depends upon the economic and cultural background of the consumer. The poor
often have no alternative but to consume a certain amount of damaged food

that the uwore affluent would reject.

ABSTRACT

Technology development and transfer have been among the major factors

responsible for the remarkable agricultural achievements of most developing

countries. Even so, these countries have only slightly increased their per

capita food consumption. Wholly inadequate nutrition levels still prevail
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Poor post-harvest treatment of foods may result in damage to the food
which may not suffice to cause rejection. Ingestion of such damaged food
may certainly involve costs to soclety. For example, foods may be contaminated
with mycotoxins, to#ic metabolites of molds, because of improper storage oOr
handling. An outbreak of human disease (hepatic cancer) from ingestion of
aflatoxin contaminated maize occurred in India in 1974-75 (Krishnamachari
et al., 1975). Over 100 deaths were reported in this outbreak which was traced

to improperly stored, rain-soaked maize.

Developing countries face problems in dealing with food preservation
which are absent in developed countries. These problems include (Bourne, 1977):
1. Lack of experienced and knowledgeable personnel.
2. Insufficient capital for séﬁrage equipment and other food protection
measures.
3. Accelerated rates of food spoilage and pest growth because of climate.

4. Cultural attitudes about the inevitability of large food losses.

CAUSES OF LOSS

1. Blological factors

A. Insects can cause significant weight loss of stored food products.
In cases of severe attack, cereal grains and beans may be reduced
to empty husks and dust. Even if the attack is not so severe, insect:
cause significant damage. Some are selective in what part of the
gseed they eat and consume the most nutritious and valuahble portion
of the seed, the seed embryo, which reduces nutritional value and
destroys the ability of the seed to germinate. Contamination of a
commodity with living and dead insects and their excreta may often

be sufficient to cause its rejection as unfit for human consumption.
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B. Microbiological. The low moisture content of cereal grains and

grain legumes generally protects them from spoilage by bacteria
or yeasts. However, fungal growth is a problem particularly in
inadeyuately dried grain. Molds may multiply to the point where
a commodity is completely destroyed, but more commonly, food loss
results from rejection of the food because of visible mold growth
or damage, or .rejection of the food because of mycotoxin
contamination.  The latter depends upon whether screening for
mycotoxin contamination is performed because contamination may be
.found in the absence of visible signs of mold growth. The point
of rejection for food depends upon local custom generally. In
perishables - fruits, vegetables, meats and fish - a large number
of bacteria and fungi cause losses.

r. Rodents. .Food loss may result from actnal ingestion of grain or
their befouling of the food with their excreta. Rodents also do
much damage by gnawing and destroying storage structures and
containers causing spillage of grain and increasing the likelihood
of fungal and insect damage by providing routes of entry and exposing
grain to the elements.

II. Chemical and biochemical causes of food loss refer to undesirable reactions

in the food, examples of which are the browning reaction and fat oxidation,
or to deliberate or accidental contamination with harmful substances,
such as pesticides.

III. Mechanical. Examples of mechanical sources of loss are threshing or
shelling methods for cereals and legumes which fail to separate the
grains or which cause excessive damage and breakage. Mechanical injury
to perishables is also a great problem because of their high moisture

content and resultant soft flesh. In addition to the damage caused by
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the injury, the damaged flesh also.provides a point of entry for
microorganisms.

IV. Physical. Loss may result from exposure of foo&s to excessive or
jnsufficient heat or cold. Increases in temperature increase the
reaction rates of spoilage processes such as browning reactions.
On the other hand, many tropical fruits are susceptible to chill

damage.

V. Physiological. This refers to the natural processes occurring in the

commodity (respiration and transpiration, e.g.) which often lead to

spoilage, especially of perishables.

_AVAILABLE METHODS FOR PRESERVING FOODS

Here we have a list of available methods of preserving foods and reducing

losses (Table 6).

Table 6.

Available Methods for Preserving Foods

1. Drying 7. Canning

2. Pack?gxng q Protective Storage 8. Irradiation

3. Refrigeration & Cooling 9. Freezing & Freeze-drying
4. Chemicals 10. Pasteurization

5. Fermentations 11. Sterile Filtration

6. Controlled Atmosphere Storage

Those that are particularly important methods for application in developing countries

will be discussed, beginning with drying.
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Drying

Drying could be considered the most important food preservation method
both because of its antiquity and its predominant application to preservation
of grains. As shown in Table 7, cereal grains and grain legumes account for:
more than half-of the world's food production. As staples in the diet, their
supply is critical to the survival of many populations. For this reason, much

of the effort to prevent food loss has been focused on conservation of grainms.

Drying prevents germination and fungal invasion of seed grains; it can
also have some deterrent effect on insect attack. Molsture content is usually
reduced to about 14% to effect preservation. Rice at harvest, for example,

may contain up to 30Z moisture.

Pre-harvest and harvest factors significgntly influence the process of
drying grain. Pre-harvest factors include such things as the typical moisture
content of a particular variety of grain at maturity. Weather conditions at
harvest time are another factor. Drying of grain during the dry season is
much simpler than during the rainy season. Introduction of new varieties or
improvement of yields through planting of fast maturing varieties and double

cropping are likely to necessitate changes in traditional drying methods.
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Table 7.

Major Food Crops in Developing Countries,
Ranked in Order of Estimated Production (FAO, 1977)

Crop

Paddy

Cassava

Wheat

Maize
Banana/Plantain
Coconuts
Sorghum

Yams, Taro. Etc.
Potatoes
(Pulses)
Citrus

Millet

Barley

Sweet Potatoes
Soybeans
Groundnuts
Tomatoes
Grapes
Mangoes
Watermelon
Dry Beans
Onions

Tonnes
(in thousands)

186,230
103,486
95,048
73,328
55,199
32,664
31,173
28,777
26,909
25,997
22,040
21,452
20,775
17,630
13,842
13,502
12,755
12,720
12,556
10,436
8,537
6,474

% of Total from Cereal Grains

& Graln Legumes

Percent

21.36
11.87
10.90
8.41
6.33
3.75
3.57
3.30
3.09
(2.98)
2.53
2.46
2.38
2.02
1.59
1.55

1.46
1.46
1.44
1.20
0.98
0.74

55.34

Source: NRC, 1978.
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Grains which mature during dry seasons are often adequately dried by
traditional methods which utilize sun and wind. Improved designs for utilizing
solar energy and natural ventilation have also been developed. Figure 2 shows
the design of a low-cost rice dryer (Excell and Kornsakoo, 1978) which based

on the materials used would cost less than US $50.00.
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‘ O

Built on a mound
of earth

Pt

Figure 2. A low cost solar rice dryer

source: Excell and Kornsakoo, 1972,

The greatest need for drying of grains occurs when grain is harvested in
wet, humid weather. Solar powered dryers are not very useful under such
conditions. Promising technologies for use under wet conditions include dryers
heated by burning crop by-products such as rice husks, rather than expensive
and scarce fossil fuels or wood. A aumber of such simple technology dryers

have been described by Linblad and Druben (1976).
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Drying is also an applicable preservation technique for perishables,

although the problems involved in drying high moisture items are, of course,

greater than in drying low olsture grains. Figure 3 shows designs for

blanching and drying of vegetables in Bangladesh (Clark, 1982). It has

been estimated that such a drying set-up would cost only about Us $30.00.
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Fig"ur'é"B. Design for blanching and solar arying of vegetables.

- Source: Clark, 1382,
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Fish is a particularly important‘perishable which is amenable to drying.
Figh accoun:s for about 20% of the animal protein in the human diet. An
estimated 6 million tonnes of fish are caught annually by éubsistence
fishermen (FAO, 19753). Improvements in fish preservation would make available
larger quantities of a valuable source of protein. Drying of fish, often
including salting and smoking, is a widely used technique in developing
countrieé. Improvements such as introduction of drying racks and improvement
of smoking ovens, and designing and implementing solar dryers could enhance
the quality and storage 1ife of dried fish products. Cost of such equipment

may range from US $100-$500 depending on the construction material used.

Storage

Storage technology can by broadly divided into three categories
according to the place at which it is applied: the famm where farmers
retain grain for thelir own use; the village or community, where facilities
are operated on & co-operative basis; and the city where as much as 30%
of the grain produced may be stored. There is a growing awareness that
there 1s a need to build adequate storage facilities in all three categorles
within developing countries and that whatever techniques are used, they
should be compatible with existing infrastructural facilities and should be’
particularly related to marketing and distribution arrangements. (UNIDO,
1979)

The importance of on-farm storage of food grains is illustrated by some
Indian statistics. Food grains in India are grown on about 75% of the gross
crop production area. Production reached 125 million tonnes in 1977-78;
projected production figures are 164 million tonnes by 1985 and 230 million
tonnes by the year 2000. 0f this total production, 60-70% is retained on the

farm for human consumption, seed and feed (Aggarwal et al., 1979).
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There is wide variety in traditional storage structures for grains, many
of which are well suited to the environments in which they are used. Improvements
;in the design and construction of traditional storage facilities are often
sufficieﬁt to effect as much conservation as more radical methods. It has
been reported (NRC, 1978) that improved maize cribs designed to use natural
ventilation more effectively, coupled with external insecticide application,

reduce losses from insects and fungl to 2% after 4 months of storage.

Storage of dried products is a particularly critical problem in the
hot, humid regions, wherein the developing countries generally lie, because
of the tendency of the product to aksorb molsture from the atmosphere. Much
more work‘in the area of packaging and practical storage methods for such

conditions needs to be done (Bourne, 1977).

Refrigeration and Cooling

The cost ofArefrigeration prohibits its widespread use for food preservation
in developing countries. However, there are simple measures which can be
taken to keep foods cool--or at least to keep them from excessive heat.
Temperatures around 40°C can cause‘metabolic damage to fruit and vegetable
tissue which leads to deterioration and makes fungal invasion possible. It
has been shown that the exposure of perishable produce to direct sunlight
can result in considerable elevation of internal temperature: a 10-12 degree
C difference between air temperature (when air temperature was approximately
34°C) and produce temperature was found in darkly colored vegetables such as
eggplants, tomatoes and potatoes (Rickard and Coursey, 1979). Shading of
produce from the sun can suffice to make an improvement in the storage life

of the pfoduce.
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phemicals

Bourne (1977) judged that chemicél preservatives come close'to being
jdeal for preservation of foods in developing countries because they are cheap,
effentive, easy to apply and generally requirellittle in the way of equipment.
The use of fumigants, insecticides and rodenticides has been well worked out
for grain storage systems. The use of chemicals to inhibit spoilage of foods,
hoﬁever, while a widely applied method in developed countries, is underutilized
in the developing countries. One chemical preservative that is widely used
there is salt. However, preservatives such as proplonic acid or propionates,
benzolc acid, sorbic acid, etc., which are permitted as food additives in

the U.S., should be studied for applications to problems in developing countries.

The chemical propionic acid is extensively used in the United
Kingdom and Europe to preserve moist grain intended for cattle feed.
Propionic acid is not used on grain intended for human consumption
because of its unpleasant flavor but the sodium and calcium salts of
propionic acid are permitted to be added without limitation to bread
in the United States as mold inhibitors. It is quite possible that
a dose of propionic acid applied to moist paddy rice would prevent
mold growth for several months and that most of the acid would be
removed when the rice was dehulled, thus eliminating the flavor
problem. The potential additional weeks that moist paddy rice could
be stored would ease the problem of overloading the capacity of rice
dryers during the harvest season and might even hold the moist paddy
until the end of the wet season thus allowing it to be dried in the
sun. Another positive feature with propionic acid is that it inhibits
the growth of Aspergillus flavus, the mold that produces aflatoxin.
"(Bourne, 1977)

Now I would like to share with you some chemical preservation work
which we carried out in Panama last year. Our work was on papaya. An
appropriate technology for papaya preservation for use by rural farmers who
gell their fruit in local markets was developed. Coating the fruit with hot
paraffin into which sorbic acid had been incorporated extended papaya shelf

1ife at ambient temperature and humidity from 4 days to greater than 9 days
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(Islan et al., 1981). The paraffin coating effected a type of modified
atmosphere storage by preventing exchange of gases and protected the fruit
from microbial contamination. The heat of the hot wax also killed
microorganisms. Such a treatment, if applied manually, would cost only about

3-4 cents (US) per papaya.
Conclusion

During the last 10-15 years we have seen a great deal of accomplishment
in the overall food production in the world. There have been major
breakthroughs in agriculture and aquaculture. We have seen the development
of high yielding rice and'wheat varieties, high-lysine corn and even
_hydroponics. But we have yet to find any major invention in the area of
food preservation. There have been some importunt developments in recent
years, such as flexible cans, COz—packaging, but by no means would these be

applicable for the rural farmers in the developing world.

While some technology already exlsts in both sophisticated and simplified
forms, new technology:can and should be developed to optimize the benefits
from high-yielding crops. How much is produced in the field is certainly
important, but how much of that actually reaches the mouths of the hungry

is far more important.
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ABSTRACT

Technology development and tranefer have been among the maﬁor factors
responsible for the remarkable agricultural achievements of most developing
countries. Even so, these countries have only slightly increased their per
capita food consumption. Wholly inadequate nutrition levels still prevail

and the lot of most of the poor has not improved.

The U. S. Agency for International Development is utilizing three major
mechanisms to help nations increase their food production. First, we are
helping them evolve public policies which will give incentives for the
development and utilization of improved technologies. Second, we are
encouraging in-country regearch focused on solving national problems and
helping them develop institutions through which the research can be carried
out. Lastly, we are giving emphasis to the role of private enterprise in
the development process. Our efforts will all be oriented toward stimulating

goclal change on behalf of the world's impoverished people.
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TECHNOLOGY, INSTITUTIONAL DEVELOPMENT AND SOCIAL CHANGE

Nyle C. Brady
Senior Assistant Administrator
...for-Seience and Technology
U.S. Agency for International Development

INTRODUCTION

I am deliéhted to contribute to this conference on a subject which I
believe to be as important as-it has been misunderstood in recent years.
In the fifties, Western-style technology was expected to transform the
developing nations, accelerating their economic growth to the "take-of £
point and generating benefits that would eventually "trickle down" to the
base of the social pyramid. When, for a wealth of reasons, these hopes
‘failed to materialize, many critics frequently blamed what they perqe;ved
as misguided technological optimism and a corresponding insensitivity to

the social, cultural and political dimensions of development.

Overcompensating for the naivete of the past, some development speclalists
and donor agencies began to question whether technological progress was part
of the problem or part of the solution, at least as far as "the poorest of
the poor" were concerned. In other words, these second thoughts regarding
technology's contribution to development were usually voiced in the name of
equity. Critics observed, sometimes with justification, that Western tech-
nology easily backfired in Third World settings--displacing farm workers,

for example, or serving merely to enrich the already-affluent classes.
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However, others countered by saying that efforts to preserve jobs and

to protect traditional ways by preventing any technological progress would

gerve merely to perpetuate poverty. The social effects of technological
change are not determined by technology alone, they argued, but rather by

the appropriateness of particular technologies for local conditions, the
extent to which the new technologies alleviate specific production bottlenecks
or economic constraints, their usefullness and acceasibility to small-scale
farmers and entrepreneurs, and, perhaps more importantly, public policies

which encourage the use of the new technologies.

Today, I believe we have a more realistic awareness of both the possi-~
bilities and the pitfalls of techmnological change. We know that technology
is far from a panacea that can overcome all the problems of underdevelopment,
especially ancient patterns of social injustice. At the same time, there is
widespread recognition that improved technology not only can facilitate
beneficial social change but in many cases is a prerequisite for that change.
Technologies provide political leaders, extension agents, teachers and most
importantly farmers, with tools for raising overall living standards and
specifically those of the poor majority. In this view, and it is one that I
personally share, technology is a necessary but not sufficient prerequisite
for equitable development. I would like now to explore some of the areas in
which new technology can spur progressive social change and to give you a
brief overview of what the Agency for International Development, which I

represent, is doing toward this end.
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TECHNOLOGY AND AGRICULTURAL PRODUCTION
The most important feature of the world food situation today is the
unprecedented and accelerating growth in demand for food, thanks to
continuing population pressures, rapid growth in per capita incomes in
many nations, and the rise in food imports by the centrally-planned economias.
Given this surge in demand, world food prices will rise beyond the reach of
poor nations and poor people within all nations, unless food production

continues to increase substantially in the developing nations.

As you know, a great deal has already been accomplished in this regard,
thanks to the development of the high-yielding wheat and rice seeds. The
Green Revolution is a good example of the ways in which technology can
advance the welfare of the poorest members of society -- gsometimes, if only
by averting the problems that would have occurred had the new technology not
been intro&uced. Thanks to the new seeds, millions of poor families, espe-
cially in Asia, are able to buy staple foods at prices w afford,

despite a simultaneous increaae,1a=d¢uxﬂﬂ';;E'::::::::; in per capita arable

land due to population growth.

The agricultural accomplishments of the developing countries during
the past 25 years are most encouraging. Since 1955 food production in those
countries has doubled. Even more rapid increases have taken place in selected
countries. Wheat production in India, for example, increased from 11.4 million
metric tons annually in 1967 to more tham 34.7 million metric tons in 1979.
Likewise rice - oduction in Indonesia moved from 12 million tons in 1968 to

over 20 million tons in 1980. These rates of increase are much higher than
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those achieved by more developed'countrias in comparable periods of time.
Even the United States with its remarkably efficient agricultural production
system, underpinned by the world's most exten;ive infrastructure support
mechanisms has never had percentage rates of increase which would match

those of some developing countries during the past two decades.

What have these remarkable feats meant to the developing countries and
specifically to the poorest of the poor in those countries? In the absence
of the new technologies associated with the Green Revolution and with
enlightened policies which permitted these technologies to functiom, it
would require 6 to 8 billion dollars worth of wheat and rice annually to
provide the populations of these countries with their current rate of con-
sumption. Even if such quantities of food could be made available at con-
cessional rates by the U.S. and other developed countriés, the cereal pficeé.
in the developing countries would undoubtedl& be much higher than at present
and the poorest of the poor would suffer the most. Families which even now
are spending 80 percent and more of their income for food would be even more
destitute. It is easy to see how the poor majority of the developing countries

have benefited most from the Green Revolution of the past two decades.

In spite of the remarkable contribution of the Green Revolution to
human welfare, it is apparemnt that it has fallen short of the unrealistic
expectations placed on it. For example, the Green Revolution generally has
not made income distributions more favorable to landless laborers, indeed,
some studies suggest slight trends in the opposite direction. It is interestin

to speculate, however, what would have been the social effects 1f the Green
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- Revolution had not occurred. I think we would all prefer to be poor Indian
farmers or landless laborers in an area that had experienced the Green
Revolution, rather than in a region that had not. Consideration of world
food needs reminds us that the Green Revolution has significantly influenced

food production in less than half the cropped areas of the developing countries.

There are large geographical areas for which there is still no applicable
technology for raising food production in economically feasible ways. To put
it bluntly, we have tackled only the easy problems so far. For example,
today's high-ylelding wheat and rice varietieé are appropriate only for the
most favorable physical, economic and biological conditions. We now need to
spread the Green Revolution by breeding varieties that can flourish under
adverse climatic conditions and can thrive with a minimum of costly inputs.

We must learn how to overcome those plant and animal diseases, pests, problem
soil conditions, deficiencies and excesses of water and other production
constraints which still prevent millions of Third World farmers from eking

more than a bare subsistence from the land.

In fact, continuing technological progress in food production is espe-
cially important in view of the economics of agricultural expansion. The
cost per unit of additional food production is likely to rise, due to higher
energy costs, expansion into land of lesser quality, and heavier reliance on
agricultural inputs (sometimes with diminishing marginal returns). Future
production costs will also be affected by resource problgps of deteriorating

soil and water quality, decertification and erosion. Improved technology

can _help to lower unit costs while simultaneously increasing the overall

volume of agricultural Eroduction.
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CRITERIA FOR HELPING POOR PEOPLE

If‘technological advances in agriculture are to benmefit the lowest-income
producers and consumers, important criteria must be met. First, the new
technologies must provide economic and social acceptable benefits for the
society as a whole. They must contribute significantly to the overall economic
development of the low-income country and not just to a redistribution of
wealth in a grosély inadequate economy. Only by gaining overall economic
strength can a country hope to solve its development problems. Second, concerted
efforts must be made to assure that the technological innovations generated by
research really respond to existing farm-level constraints and conditionms. If
this is not the case -- either becaurz those constraints are not understood or
because national policies do not encourage their removal -- the resulting
innovations may contribute little in the way of positive social change, and
may even worsen the lot of the poor. Concern with this target population
vputa a premium on multidisciplinary efforts to better understand local farmers
and farm families. We still know all too 1ittle about these rural people,
their customs, needs and expectations. In particular, we need to better
understand the role of women, not only as homemakers but as farmers and
business managers of farm and family affairs. Third, institutions must be
developed to enable the poor to benefit from the new technologies, or if
the institutions already exist, to help them function. These institutions
may be governmental such as extension services, or they may be private such
as cooperatives or small~scale rural industries. To the extent feasible,
these institutioﬁs must respond to specific needs of the poor. Fourth,

there must be emphasis on small-scale labor-intensive and capital-saving
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technologies. These technologies may be coupled with more intensive land
use such as double or triple cropping and with increased yields per hectare.
They should make possible the so-called "dispersal strategies" which enable
all farmers, howéver small their plots, to benefit from the new technologies.
‘biapersal strategiles igélude such elements as research, extension, credit and

H

availability of inputs.

The need for new agricultural technology is especially acute in Africa,
where about 802 of cultivation is still dependent on human labor and the hoe,
and where many additional hectares can still be brought into cultivation.
However, raising food production under the rainfad conditions that characterize
most of Africa will require concurrent progress on breeding appropriate seeds
as well as on developing tillage and equipment innovations for improving soil
and water management practices. Both are tricky and challenging tasks. For
example, recent tests at the International Institute of Tropical Agriculture
in Nigeria showed that manual clearing of secondary forests -~ using native
tools and chain saws -~ took 177 man-days pef hectare, as compared with only
1.94 working hours per hectare with mechanized clearing by a tractor and a
shear blade attachment. On the other hand, both the soil loss and water run
off caused by mechanized clearing were many, many times greater than with the
manual clearing method. New technologies, botn biological and mechanical,
are badly needed to resolve these dilemmas. One promising approach lies in
developing simple, inexpensive but well-designed animal-powered implements,
for it will be many years before the majority of low-income farmers: in the

semi-arid tropics will be able to afford tractors and tractor-drawn equipment.
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The difficulties of:dgveloping appropriate technology for Africa are
compounded by institutional and human resource deficiencies on the continent -
- including a very limited capacity to conduct agricultural research, weak or
' nonexistent national research programs, inadequate infrastructure, weak
extension services and a lack of trained personnel. Hopefully, the increased
attention to Africa's food production problems in recent months will result

in accelerated progress over the next few years.

TECHNOLOGY AND THE. EXPANSION OF RURAL NON-FARM EMPLOYMENT OPPORTUNITIES:

-In addition to augmenting food production, another key challenge for
technology in development is to expend rural non-farm employment opportﬁnities.
 This is an increasingly serious issue. Of the one billion new workers who
will enter the world's labor market by the year 2000, only one-third~are expected

to work on farms, although the majority will still live in rural areas.

At preqent, the developing countries differ widely in the percentage of
thg rural labor force employed primarily in non~-farm activities. In Guatemala
the figure is 14 percent, whereas in Taiwan it is 49 percent. In additiom,
rural non-farm activities usually constitute an important source of secondary
| emplovment, often on a part-time or geasonal basis. Consequently, non—farm.
income accounts for a significant fraction of the total income of rural
households -- up to 30 percent in villages in Pakistan and Nigeria, 36 percent
in Sierra Leone, and 43 percent in Taiwan. Non-farm income is especially

important, naturally, for rural families who own l1ittle or no farm land.
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As agricultural output increases and monetary incomes rise in the
agricultural sector, rural non-farm activities will grow in corresponding
measure, spurred by the growing demand for farm equipment, agricultural>inputs,
fepair services and so forth. The development of small farm equipment chat
can be manufactured locally has direct and indirect effects on jcb-creation.
Predictably, the increased demand for animal-powered implements and other
relatively simple agricultural machinery will foster the emergence of machine
shops and light engineering firms that concentrate initially on very simple
techhiques and products. Because the technologies require skills very similar
to those already mastered by local artisans and technicians, their diffusion
is likely to she fairly rapid. At the same time, the most competent firms will
upgrade their technologles in response to demand for new and more sophisticated

implements like seed-fertilizer drills or low~lift pumps.

The strengthening and diffusion of metal working skills that results
from this process is of great importance because those skills are key for
many other types of manufacturing. This includes a growing capacity to
manufacture ;apital goods, and the capacity in turn is crucial to the process
of adapting imported technologies to local conditions and making thém widely

available to producers throughout the economy.

. The net resulté of this overall process of rural modernization is job
creation, the building of local industry, and the growth of small and
‘medium-sized rural towns, with significant foreign exchange savings in the

bafgain.
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A.1.D.'S ROLE

Given, then,'that the goals of increasing food production -and creating
more jobs are both closely linked with the development of new technology,
what is A.I.D. doing to help bring this about? Under Peter McPherson's
leadership, three particular aspects of the development process are receiving
specigl emphasis. All three have strong jmplications for the design, adaptation
and transfer of technoleogy to promote rural development and equitable soclal

change.

1. Policy Dialogue

The first is the evolution of national policy frameworks within which
the development process can oparate more effectively and equitable. This
emphasis is gfounded on a wealth of historical evidence that success or failure
of the development process within a particular country depends primarily on
the nature of the policies followed by that country itself. Certainly, with
regard to both food production and rural non-farm employment, government
policies strongly influence the relafion between technological and social

change in the'countryside.

In the case of agriculture, farmers will not avail themselves of new
technology, no matter how aécessiblé and productive and appropriate, unless
the prices the farmer receives for his produce are set high enough to allow
a decent profit. These farmers also need access to credit, adequate roads
to bring their produce to mérket, reliable and affordable supplies of
agricultural inputs, and storage facilities for their surplus crop so that

they are not forced to "gell cheap and buy dear". The ability of farmers
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' to increase yields will also be determined by the nature of the technological
innovations generated by agricultural research progrdms, extension programs
and rural education. Goverument policies have a strong and sometimes
decisive bearing on each of these aspects of a developing country's food

system, and positive policies produce positive results.

For example, in Japan, Taiwan and Korea, the ratio between the price
of agricultural inputs and the price of grain encourages farmers to produce
more food. Unfortunately, many other Asian countries have not followed that
practice, and so their farmers have had no incentive t> utilize fertilizers,
pesticides and other yield-increasing inputs. Similarly, Niger has been able
to reach self-sufficiency in grain production while neighboring Mali -- with
the same climate and more cultivable land -- suffers annual food deficits. --
The major difference is the higher price that the Government of Niger offers

its peasant farmers for their produce.

National policies can be equally influential in stimulating rural non-
farm economic activities. For example, government-supported R&D activities
can foster the development, expanded use and local manufacture of farm
equipment suited to the needs of small farmers with limited cash income.
Unfortunately, as often as not government policies have actually impeded
the growth of small manufacturing f£irms in the countryside. Too frequently,
Third World Governments have given preferential treatment to larger firms in
the industrial sector, through such measures as loans at artifically low
interest rates, the ways in which foreign exchange and import licenses are
allocated, and other types of preferential treatment that are usually not

available to small and pediuvm-sized farms.
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Through AID's country missioms, and through our cooperation with other
donor agencies such as the World Bank and the IMF, the United States is
seeking to engage A.I.D. recipients in a policy dialogue that can improve
the local policy environment for equitable development. Naturally, this
process will not always be successful and can be counted upon to require
painstaking efforts, patience and time. However, the importance of policy

dialogue and policy reform for social change cannot be underestimated.

2. Science, Technology and Institution-Building

The second emphasis of the A.I.D. program today is not a new one, but,
rather the strengthening of an emphasis that paid handsome dividends in the
past. I am speaking of institutional development, along v.ith a heightened
role for science and technology. One of the clearest lessons of the past
is that economic development is closely tied to the capacity of a country to
sustain its own research institutions and programs. Without this local
.institutional capacity for self-reliance, deveiopment becomes dependent upon
the good will of others whose resources usually are not geared to solving

the local problems under local conditions.

Among the donors of development assistance, the United States has a
notable comparative advantage for helping to strengthen local institutions,
thaﬁks to our successful experience in the past an& the wealth of highly
trained scientific and technical resources in this country. From now on,

U.S. universities will be playing an increasingly strong and better-integrated
role in A.I.D.'s development assistance efforts. Let mé briefly outline some

of the ways in which this is coming about.
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First, A.I.D; is now in the process of negotiating several Memoranda
of Understanding with selected Universities, to permit firmer and more sustained
relationships with A.I.D. Secénd, we are in the final stages of developing a
Joint Career Corps that will make it poasible for Universities and interested
members of their staffs to become involved in overseas development on a con-
tinuing basis. Participation in the Joint Career Corps will enable University
professors to work with A.I.D. for one~-third of their careers, and with their
own Universities for the remsaining two-thirds. Third, we are also in the
process of establishing a Joint Enterprise Mode which will enable A.I.D. to
involve single individuals from a number of smaller institutions to participate
in particular projects. Such institutions often have special experience and

expertise in dealing with low-income farm families.

In recent months, we have also been trying to strengthen the role of
science and technology in our bilateral assistance programs through certain
internal organizational changes -- including the coordination of the work of
a new Bureau for Science and Technology, with that of the regional bureaus
and country Missions. Universities will be called upon increasingly to carry

our research and extension activities in cooperation with overseas counterparts.

3. The Private Sector

The third important emphasis of the Agency is to increase the role ot
the U.S. and host-country private sectors in our forelgn assistance activities.
Market mechanisms play a major role in the creation, adaptation and dissemination
of technologies. It stands to reason that new technologies suited to developing

nations are most likely to be created by local business firms which would
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themselves have a stake in the outcome. Consequently, A.I.D. is working with
both local and U.S. private sector specialists to make local market systems
work more efficiently, to removc particular bottlenecks or disincentives
created by inappropriate policies and, in general, to help 1ndigenous.. -f;
entrepreneurs bring their under-utilized energies to bear on the rural
development process in ways which benefit low-income producers and consumers

as well.

T would like to conclude by emphasizing that technological change will
continue to be a prerequisite for expanding food supplies and job opportunities,
whatever a nation's policy dilemmas, social needs, or ideology. By substan-
tially increasing the supply of basic food grains, new technologies can help
to hold the line on food prices, with corresponding benefits for small pro-
ducers and for low—-income consumers who already -spend most of their limited
budgets on food. By the same token, technological change is the life~blood
of job creation and economic growth, without which nations and individuals

alike are condemned to stagnation.

Therefore, without expecting technology to do the impossible, we must
bend out efforts to develop and disseminate the kind of technology that can
promote social change on behalf of the world's impoverished people —— knowing
that without technological advance, succeeding generations of people in the

developing world will be no better off than their parents or grandparents.
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ABSTRACT

By the close of this century as many as two billion additional people
are expected to swell the ranks of humanity. Most of them will be born in
developing countries, especially in marginal lands ill-guited for food
production. This article focuses on the major achievements of the Inter-
national Agricultural Research Centers supported by the Consultative Group
on International Agricultural Research, addresses the issues raised by the
spread of new high-yielding varieties, and explores new directions aimed at

boosting food supplies in developing regions.
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INTRODUCTION

In the eafly 1960s considerable alarm was expressed about the food
prospects of the developing countries. The threat of famine, with its
tendency to destabilize political regimes, was cropping up in several parts
of the Third World with increasing frequency, and the possibility of large-
scale starvation loomed ominously on the horizom. Then in the mid 1960s
a breakthrough in food production in some developing countries occurred
with the rapid dissemination of high-yielding varieties (HYVs) of wheat and
rice, popularly known as the green revolution. The impressive record of the
International Agricultural Research Centers (TARCs), now banded together
under the Consultative Group on International Agricultural Research (CGIAR),
in raising yields and protein levels of several staples grown in the Third
World has raised expectations that they will continue t§ overcome production

barriers in crops.
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THE CGIAR AND THE GREEN REVOLUTION

The oldest centers within the CGIAR netgork, CIMMYT (Centro Internacional
de Mejoramiento de Maiz y Trigo) and IRRI (IQternational Rice Research Insti-
tute), have had great impact on food production in the Third World. CIMMYT
was established near Mexico City in 1943 with the help of the Mexican govern=-
ment and the Rockefeller Foundation and gained worldwide recognition in the
1960s for its development of short-statured wheats. CIMMYT'S gsemi-dwarf
wheats are now grown on 35 million hectares (ha) and account for half of the
land devoted to bread wheat cultivation in the developing countries (3,6,15).
Most of the short, stiff-strawed wheats are grown in the Sonora region of
Mexico and in the Punjab of India and Pakistan. The HYVs of CIMMYT's
germplasm have significantly boosted yields, from an average of 0.7 to 4 tons/
ha in Mexico and from 0.6 to 2 tons/ha in India. Food supplies have increased
accordingly; in 1966, for example, India had to import 10 million tons of grain
to feed its 490 million people when the monsoon failed. Since then, India has
become largely self-sufficient in cereals in spite of further droughts and an

increase in population of almost 200 million (14,21).

IRRI, headquartered at Los Baﬁoé in Philippines, began operations in
1962 and was responsible for developing dwarf rices that now grow on one
quarter of the rice producing land of the Third World. This figure masks
the spectacular gains registered in certain countries, however. In the
Philippines, for example, almost 70% of the rice is in HYVs, up from 537%
in 1973. In Colombia, 90%Z of the irrigated rice is CIAT/IRRI material
released through the national program. Prior to the distribution of HYVs,

only half of Colombia's rice output came from irrigated land; now 90% of
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the national rice harvest is reaped in paddy fields (13,18,19). Whereas
traditional cultivars produce around 3 tons/ha, HYVs normally yield 5
tons/ha (8). More importantly, HYVs have a shorter maturation period than
older varieties, so some farmers can harvest two or more crops a year. The
rapid adoption of short-statured rices has helped alleviate food shortages
over large areas of Asia. Bangladegh,'for example, has recently come within
a few hundred thousand toné of fee&ing itself. The Philippines, which had
been a chronic importer of rice for decades, has only occasionally had to
resort to the world market to purchase rice since 1970; in 1980, the
archipelago country even exported a quarter of a million tons of rice. And
Indonesia's food picture is much brighter now that HYVs of rice cover more

than 3 million ha (4,12).

The rapid and far-reaching pay-offs of CIMMYT and TRRI soon prompted
the Rockefeller and Ford Foundations to provide seed money for two more
\ IARCs. CIAT (Centro Internacional de Agricultura Tropical) was established
in 1967 near Cali, Colombia, to pursue research into increasing the productivity

of cassava (Manihot esculenta), rice, kidney bean (Phaseolus vulgaris), and

cattle pastures in the humid tropics of Latin America. At the same time, the
Foundations set up the International Tnstitute of Tropical Agriculture (1IITA)
at Ibadan, Nigeria, to encourage research into raising yields of tropical

staples such as sweet potato (Ipomoea batatas), yams (Dioscorea spp.), cocoyams

(species of Colocasia and Xanthosoma), and cowpea (Vigna unguiculata). In

addition, IITA was assigned regional responsibility for developing cultivars
of cassava, rice, maize (Zea mays), soybean ‘Glycine max), pigeonpea (Cajanus

Egjan), 1ima bean (Phaseolus lunatus), and winged bean (Psophocarpus tetra-

gonolobus) adapted to the diverse environments of Africa (2).
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After launching four IARCs, the Rockefeller and Ford Founda: s wanted
té install more centers to improve other crops and to help certain regilons
overcome their specific agricultural problems, but they realized that such
an undertaking was beyond their financial means. A transnational framework
for sponsoring the IARCs was called for. To meet this ambitious task, the
CGIAR was formed in 1971 under the sponsorship of the United Nations Food
and Agriculture Organization (FAO), the United Nations Development Programme,
and the World Bank, with headquarters in the Washington-based bank. The CGIAR
acts on behalf of a consortium of 34 donors, ranging from multinational
organizations and national governments, to private foundations, and is advised
by a Technical Advisory Committee (TAC), composed of 13 scientists from both
industrial nations and the developing world. TAC's secretariat is located
within the headquarters of FAO in Rome. The CGIAR, unlike many interna;ional
bureaucracies, is small and streamlined. Only six professionals staff the
CGIAR headquarters. The TAC hLas a full-time staff of four; the advisory board

of scientists meets twice a year.

Empowered with new resources, the CGIAR inaugurated nine new IARCs in
quick succession. CIP (Centro Internacional de la Papa) was created in 1971
to work on the potato in the center of its origin in the Peruvian Andes.
WARDA (West Africa Rice Development Association) was.conceived in 1971 in
Liberia to promote self-sufficiency in rice in 15 countries of West Africa.
ICRISAT (International Crops Research Institute for the Semi-Arid Tropics)

began working on groundnut (Arachis hypogaea), chickpea (Cicer arietinum),

pigeonpea, pearl millet (Pennisetum typhoides), and sorghum (Sorghum bicolor)

near Hyderabad, India, in 1972.'
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In 1974, the CGIAR began three new institutes. ILCA (International
Livestock Center for Africa), based at Addis Ababa in Ethiopia, explores ways
of improving the pastoral economies éf Africa, while a sister institute,ILRAD
(International Laboratory for Research on Animal Diseases), operating out of
Nairobi, is tackling two serious diseases of cattle in the tropics:' theileriosis
zand trypanosomiasis. These 1ivestock illnesses severly limit the productivity
of beef a#d dairy herds in at lzast 50 developing countries. The third CGIAR
institute established in 1974, IBPGR (International Board for Plant Genetic
Resources), is based with FAO in Rome and promotes the conservation of crop

diversity by sponsoring an international network of germplasm collections.

ICARDA (International Center for Agricultural Research in the Dry Areas)
was adde& to the CGIAR system in 1976 to examine the potential for boosting
food production of the dry sub-tropics, particularly in North Africa and West
Asia. Based in Aleppo, Syria, ICARDA scientists are developing new strains
of bread and durum wheats, barley, triticale (wheat x rye), lentil (Lens
esculenta), chickpea, broad bean (Vicia faba), and forage plants. In its work
with cereals, ICARDA collaborates with CIMMYT, while ICRISAT assists in the
chickpea program. ICARDA and ICRISAT thus cover the most important crops of

the drought~prone portions of the developing world.

By the close of 1970s, two more centers joined the CGIAR, thereby bringing
the total to 13. IFPRI (International Food Policy Research Institute) was
founded in Washington in 1975 to analyze strategles for meeting the world's
food needs. By monitoring food production in developing countries, as well as

world trade in cereals and pulses, IFPRI provides information for policy makers
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“dggwing.upvprioriﬁies for agricultural regearch and development. To help
fiiiAa vital needhéopstrengfhen national agricultural programs so that
research results genérated by the IARCs benefit the inhabitants of developing
countries, the CGIAR created ISNAR (International Service for National
Agricultural Research) in the Hague in 1379. ISNAR helps developing
countries to start or up-grade their agricultural research and extension

services.

Approximately.GOO scientists from a wide assortment of countries are
currently conducting research at the IARCs. These scientists take advantage
of good laboratory and field equipment, well-stocked libraries, and funds
to attend international meetings and to conduct collaborative research with
colleagues in other institutionms. The IARCs avoid competing with national
programs in the Third World; their mission is to help strengthen such efforts
" with the help of training courses, collaborative research, and improved
germplasm collections. Whenever possible, the IARCs leave the finishing of
crop varieties to national programs, playing a discrete, supporuvive role

designed to build thé image and effectivenss of national institutions.

NEW RESEARCH HORIZONS

The major strides in raising food production have been made in the better
lands. While there is still scope for generating even more food from such
regions, such as by developing érop breeds with shorter maturation periods
8o tﬁat more cycles can be grown each year, the next green revolution must
necessarily come from the marginal lands. The dimensions of the challenge

are staggering: at least 700 million people live in the semi-arid tropics,
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paréhéd lands that receive an erratic rainfall between 400 and 1200 mm a
year. Close to a billion people currently eke out a living in environments
that produce meager yields because of ecological limitations. And most of
the additional 2 billion children that are expected to be born by the year

2000 will grow up on marginal lands.

Areas handicapped by biophysicgl constraints for agpiculture far exceed
the earth's optimal zones, consequently even a modest increase in crop ylelds
will greatly alleviate food shortages in developing countries. But drawing
up a research strategy for the agricultural transformation of marginal lands
‘is more.difficult than breeding crops for fertile alluvial and volcanic soils.
Nevertheless, most of the IARCs share a commitment to developing crops that
- can thrive in.soilé that are excessively saline, alkaline, acidic, contain
toxic amounts of aluminum, are deficient in phosphorus and nitrogen, or

tblerate drought.

To help farmers overcome the problem of saline soils, IRRI is developing
rice lines that are relatively tolerant of such soils which cover between 400
and 950 million ha of the earth. IR 42 grows well in brackish areas and could
pfove useful where formerly productive irrigated land is now virtually useless
because of the surface build-up cc salts. Although water management should be
used to correct this defect, limited supplies of water often do not permit an
adequate flushing of fields. IR 42 could help revitalize such areas, which
account for 70 million ha, or ome quarter of irrigated lands, and are expanding
‘(1,5). At CIMﬂYT preliminary results suggést that triticale tolerates saline

goils better than other cereal crops. Triticale breeders at CIMMYT as well as
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‘the ﬁniversities of Manitoba and Guelph have developed varieties of triticale
that compare favorably iﬁ yield to the best wheats, but are greatly superior
to the latter in nutrient-poor, drought-prone soils. Wheat breeders at CIMMYT
-are crossing the world's most important food cereal with several species of
Agropyron in an attempt to transfer gemes that code for salt tolerance from

che wild grauses.

Strongly acid soils are common in extensive regions of the humid tropics
due to a prolonged leaching of cat:ilons needed for plant growth. Toxic levels
of aluminum are also often found associéted with acidic soils, a further
complication for the farmer. Several of the IARCs are attempting to tailor
crops to such adverse conditions. Triticale, for example, is being tested
on the Brazilian cerrado, a savanna region of some 200 million ha with little
agricultural development due to its highly leached soils containing large
amounts of aluminum compounds. This man-made cereal makes excellent bread
and pastries as well as a nutritious livestock feed and could help transform
the cerrado into an important food producing region. 1In Asia, IRRI is developi
rice lines that thrive in acid soils under rainfed conditions. IR 42 has
demonstrated promising yields on farmer's plots with low levels of nitrogen

fertilizer (7).

Another emerging priority for crop breeding at the IARCs is finding plant:
that thrive with less fertiiizer. Most of the nitrogen fertilizer produced
commercially is based on natural gas or to a lesser extent crude oil. Hence
fertilizer prices have been climbing along with the prices of these fossil

fuels. Even fertilizers which are not based on petroleum, such as phosphorus
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and potash, are also becoming progressively more expensive bec:use they
require large amounts of energy to mine, up-grade and to transport. Some of
the IARCs are focusing on the potential of biological nitrogen fixation to
help boost crop yields. Both IRRI and WARDA, for example, are searching for
water fern-blue green algae partnerships that are especially prolific in
capturing atmospheric nitrogen for the bepefit of paddy rice farmers.
Researchers at ICRISAT are screening germplasm collections to develop lines
of pigeonpea, chickpea, and groundnut that fix unusually large amounts of
nitrogen through the action of symbiotic Rhizobium bacteria in root nodules.
IRRI and ICRISAT are studying associative bacteria, particularly species of

Azospirillum and Azotobacter, that fix nitrogen close to the roots of rice,

sorghum, and pearl millet. 'It is hoped that lines of the cereal will even-
tually achieve much higher yields than trad'tional varieties without resorting
to nitrogen fertilizer. ICARDA, ICRISAT, CIAT, IITA, and IRRI are examining
the potential for inoculating crops with symbiotic and associativz nitrogen-
fixing bacteria in order to accelerate the development of populations of the

beneficial micro-organisms in fields.

Several centers are exploring the contribution of vesicular-arbuscular
(VA) mycorrhiza in reducing the need for commercial fertilizer. Some 80
species of these fungi live in and around the surface of roots and enhance
the nutrient uptake of plants. They also favor nitrogen-fixing bacteria and
help plants to withstand drought. Field tests of VA mycorrhiza inoculation
of onions, maize, and cowpea in unsterilized soils have demonstrated yield

increases of 20-100% (10,11,16;20). CIAT has recently confirmed the importance
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of VA mycorrhiza to the nutrition of cassava, expecially the assimilation of
soil phosphorus. Now the center ig investigating the potential of this root
crop to benefit from relatively cheap rock phosophate fertilizer. Although
gseveral obstacles remain before VA mycorrhiza inoculum can be produced on

a large scale, ICRISAT and ICARDA are pursuing research into the ecology of

the fungi and methods of mass-producing the inoculum.

Drought toulerance in crops is another high priority for breeders at the
IARCs} Triticale has already demonstrated good yields in the semi-arid and
highland areas of the tropics, and breeders are likely to benefit from work
being done with VA nycorrhiza that increase the ability of plants to withstand
soil moisFure deficits. Wheat breeders at CIMMYT are crossing the cereal with

a tall bunch grass from Asia, Elymus giganteus, in order to incorporate genes

that confer greater tolerance to water stress. And at IRRI, sclentists bave
developed rice lines, such as IR 43 and IR 52, that yield up to 4.6 torns/ha
in rainfed fields during the wet seasomn. Even if rainfall is well below

expected levels, these new rices still produce an economic yield.

An excess, rather than a deficit, of moilsture can be a problem in marginal
lands. In parts of Bangladesh, Thailand and the inland Niger delta, for
example, rice paddies are sometimes swamped in 1.5 m of water which drown
traditional cultivars and early generation IRRI material. To help farmers
cope with wildly fluctuating water levels in their paddies, IRRI has developed
rice lines that can withstand submergence for ghort periods and grow taller.

To accomplish this task, sclentists turned to wild rice to acquire traits

which promote the rapid elongation of stems, a counter—current to the research
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trend of producing semi-dwarf varieties. Although the yield ceiling is
lowered because the rice plants divert more photo-synthetic effort into
building stems rather than grains, at least the farmer is saved from cata-
stropic crop failure. Yield stability, rather than striving for spectacular

harvests, is thus a key element in the research strategy for marginal land crops.

Even in the semi-arid tropics, too much water can turn soils into a
quagmire and render them useless for agriculture. The deep black vertisols
which cover enormous areas of India and Africa are examples. In India alone,
the dark, heavy clays are found over 73 million ha, some 26 million of which
are left fallow during the torrential monsoon because they are too sticky to
work (9,17). In such areas, farmers normally plant their crops when the rains

subside so that the plants can tap the moisture stored in the soil.

In an effort to introduce double cropping to these deep vertisols, ICRISAT
is testing a wheeled tool carrier, a flexible machine pulled by bullocks or
water buffalo that can be used to plow land as well as to plant seeds and apply
fertilizer. During the monsoon season, maize and pigeonpea or mung bean

(Phaseolus aureus) are sown on a raised broadbed, followed by a crop of sorghum

or pearl millet during the dry period. In this manner, 1.5 to 2 tons/ha of
grains can be produced a year, instead of 0.5 to 1 ton/ha under traditional
management. Although the yield gain does not qualify as a quantum leap, it
is nevertheless significant: India could produce an additional 25 million
tons of grain per year from its deep black clays. The wheeled tool carrier
costs about $1,000 with accompanying implements, though cheaper models are

being developed. The economics of its use in India remain to be investigated,
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but the tool carrier could be owned collectively or rented if individual
farmers find .they are unable to own one. It seems likely that the high
{initial cost could be recouped within a few years due to the doubling of
yields. The intermediate technologxziS'already being successfully used by
groundnut farmers in West Africa and will surely be adopted in other regions

of the Third World.

CONCLUSTION

After a decade of spectacular growth, the CGIAR system enters the 1980's
in a consolidation phase. The annual budget of the network has grown from
$20 million in 1972 to a 1it :le over $170 million in 1983, but the supply of
funds for the IARCs is tapering off or even declining in some cases due to
the erosive power of inflation. Faced with new challenges to raise food
production, CGIAR is hard pressed to launch new programs and to initiate
more centers because funding sources are drying up, a reflection of the sluggish
economic performance of most industrial nations. The sum of $170 million may
appear impressive but it pales when compared to funds allocated to other sectors,
such as defense, industry, and energy. Only 3% of the global research budget
is allotted for agricultural research, and most of that thin glice is spent in
the developed countries (22). Funds channeled into agricultural research for
food production by international agencies and national governments clearly
generate an enormous pay off. The value of the increase supplies of rice

generated by HYVs based on IRRI germplasm, for example, exceeds $2.5 billion.

Agricultural research alone will not provide a panacea for the food
problems of the developing world. Neither will the machines being designed

by the IARCs in conjunction with private firms and national governments provide
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a technological fix for the complex problem of stepping up food production.
Social, economic, and ecological issues will also have to be tackled, such as
control of deforestation, population growth, the reduction of post-harvest
losses, and the improvement of agricultural extension gservices. But the new
varieties developed by strengthened national programs workirg in tandem with
the IARCs will buy time for societies to tackle the many sociological and

environmental obstacles that face them.
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ABSTRACT

The technology transfer process is discussed as it relates to private
productive enterprises and in the context of less developed country develop-
" ment efforts. The roles of technology and the private enterprise are dis-
cussed and the elements of thé technology transfer process or gystem are
described. Technology trr ‘sfer system‘geficiencies are identified and the
means for mitigating or el. inating the deficiencies is discussed. A
continuing role for governments is described. Possible publicly financed
efforts directed toward increasing thg technology transfer systems' efficiency
and effectiveness are outlined. Particular emphasis is directed toward
providing cost effective access to the system by smaller enterprises. Guiding

.. principles are proposed fo; those who use the system.
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PRIVATE ENTERPRTSE AND TECHNOLOGY TRANSFER

Roger D. Moeller
Bureau for Private Enterprise
Agency for International Development

All programs for country economic development must ultimately lead to
a system that spawns and encourages productive enterprises. The productive
enterprise roie in improving the standard of living and its close relationship
with attaining the individual's goal of a better 1ife is generally accepted
in the United States. The economic system in use in the United States places
the productive enterprise almost exclusively in the private sector and depend-
ent on the role of the entrepreneur for in;bvation and growth.

In the developing countries it is often the lack of an adequate productive
enterprise system that stifles growth even when capital, natural resources and
labor are abundant.. The productive system tends to be unevenly developed at
* best, or non-existent at worst, and efforts to correct deficiencies usually

concentrate on the role of the agricultural productive sector based on the’
fundamental human need for food. The need for shoes seems less urgent and the
need for multi-hued shirts isn't apparent at all. Yet a strong case can be
made for the premise that a society must develop its capacity to produce its
own shoes, multi~hued shirts and food in order to create a self-sustaining
, development. In fact, a soclety must have broad and balanced capabilitiee in
a wide variety of productive pursui}s as well as operational support and

service enterprises in order to maintain economic development and an improving

quality of life.
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The quality of life is defined in many ways, usually starting with
material things and proceeding to the less tangible contributors to life's
quality, such as freedom, pride, human dignity, a sense of worth, and a sense
of belonging. .Few things contribute to an across the board improvement in
all of these attributes with the impact of gainful productive employment. In
terms of the individual, nothing is more debilitating to the human spirit and
demanding of material sacrifice as the lack of gainful employment. From

society's standpoint unemployment is a terrible waste of a veluable resource.

If unemployment is a waste of a valuable resource then, in a broad sense,
productive employment must be a beneficial use of the resource. If the
employment is not productive or if it is parasitic or make-work then the
waste of unemployment is compounded by added consumption without production.
The consumption of that which is produced or, if you prefer, the production
of that which is consumed sustains a country's standard of living. It is
the increasing productivity of the resources being employed that leads to &
higher consumption rate and an increased quality of life. The increasing
productivity can be used in many ways. A portion must be used to sustain a
continuing increase in productivity. Anothgr portion can be diverted to
improve governmental services. Another portion can be allocated to the im-
provement of educational and health services and to increasing the skills of
indiyiduals. »-d yet another portion to added consumption. All of these
aliégétions--and many not mentioned--improve the quality of life. Many
contribute directly or indirectly to promoting increased productivity. At
the center of all this is the first need; to productively employ people, and.

the second need; to inerease their productivity.
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The deveioping countries of the world tend toward an abundance of labor
resulting from rapidly growing populations. The employment of this abundant
labor force within a balanced, productive system will lead to a growing
standard of living and improving quality of life. The nonproductive use of a
significant portion of this labor force places an intolerable burden on the

society and prevents the improvement desired by all.

Productive employment opportunities are found in the agricultural,
manufacturing, and service sectors in large and small enterprises. However,
thé cost in capital per employment opportunity created tends to be smallest
in the smaller enterprise. According to the World Bank Sector Policy Paper,

Employment Development of Small Enterprises (February, 1978), small enter-

prises in developing countries use less capital, produce less value added,

and pay lower wages per unit of labor, than large entarprises. These attributes
mean that investment costs per direct job generated are lower in the smaller
enterprises and thus the incremental demand on capital per unit of employed

labor is lower.

Focusing on the smaller enterprises in the productive sector is not easy.
By definition there are a large numoer of operational units, using a wide
variety of technologies, supplying a myriad of markets, depending on a vast
array of resources and skills and operating in an infinite number of combin-
ations. Many of these enterprises in the developing countries need assistance
in a multitude of ways, and the productive system itself frequently needs
strengthening. The operational strength inheren* in the large number of
decision centers operating a tremendously diversified system turms to a handicap

when attempts are made to provide assistance from a single source.
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The organization of the assistance source to more neariy mesh with the
organization of those needing assistance is worthy of consideration. As an
example of this, the assistance source'could organize into a multitude of
décision centers with widely varying capabilities. Also, the assistance
. source could be drawn from the productiye sector to minimize communic.tion

problems and to maximize the mutual understanding of motives and values.

The private enterprise sector in the United States is far from a tightly
organized, monolithic and homogenous entity. Although it operates within a
specific set of laws and, in limited areas, self-imposed standards, each
enterprise has its own motivations, methods, objectives and relative values.
Furthermore, each enterprise is a decision center where judgments are made
on the basis of its own internal factors as related to externai conditions
and opportunities. Admittedly many generalizations can be made concerning
the individual elements of the private enterprise sector, however, these
generalizations tend to obscure rather then clarify many useful facts--they

tend to highlight a ''least common denominator."

The role of technology or know-how in increasing resource productivity
is widely and universally recognized. It is technology that brings together
capital, land and labor to produce and distribute goods and services. It is
the expanding technology base that drives these resources to higher levels
of productivity. 1In a very real sense, technology is the fourth great
resource a people can possess~—and by far the most satisfying. It is the
continued access to improving technology that produces the better tomorrows.

Because of this, societies have devised the means for transferring technology
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from one place to another and from one people to another. The increasing
productivity of the other resources is significantly dependent upon the

facility with which productive technology can be transferred.

What do we mean by the phrase, '"productive technology"? Perhaps, in the
simplest form, it is the technical data/information/experience base used ir.
particular productive endeavors. When the phrase "technology transfer" is
used we mean more than just a transportation exercise. We imply competent
gsources and recipients as well as suitable mechanisms for accomplishing the
transfer. Also implied in the ability to adapt and use the technology,
including adequate training for the participants and the existenée of sup-

porting or amplifying institutions.

The gsystem needed to transfer technology is made up of numerous necessary
elements. When transferring technology from developed to developing countries
the system usually displays numerous shortcomings and deficiencies. The
deficiencies are most prevalent when the goal 1s to transfer technology from
smaller enterprises in developed ~ountries to the developing countries. The
larger tend to effectively internalize many of the technology transfer systems'
elements and ﬁave the resources to mitigate deficiencies. The smaller
enterprises lack the size to internalize the system and the resources to

overcome the deficienciles.

Elements of Technology Transfer

The 1list of needed elements might start with the need for qualified reci-
pients as well as qualified technology sources, particularly in the small or
medium size class. The need for qualified recipients and rfources is sub-

stantive and presents a problem of identification.
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A definite need exists for institutions and mechanisms for facilitating
technology transfer. The existing mechanisms most readily accommodate large
sources and relatively large recipients. They accommodate these particularly
well where large invested resources accompaay the technology. The existing
mechanisms are inadequate where the source and recipient are relatively small
and little or no invested resources are transferred with the technology. The
entire field of institutional adequacy is complex but a number of specific
areas are worthy of clear identification. The institutional ability to train
recipients in the choice and use of technology, such as in vocational schools,
engineering schools, management schools and various professional training
institutions, is often a readily jdentifiable need. The need for responsive
credit and financial institutions is demonstrable in ‘virtually every instance.
The requirement for various support services in communication, transportation
and professional fields is often decisive in making recipient choices.
Govermment institutions are needed to support and encourage technology transfer
and are commonly deficient in both scurce and recipient countries. Sometimes
cultural aspects can weigh heavily on the choice and transferability of tech-
nology. Provisions for recognizing cultural influences and for adapting to

this recognition are only now being institutionalized.

Though the system for accomplishing the transfer of technology may seem
complex, when described in terms of particular elements the system becomes
more amenable to analysis. The elements of this process are: (1) technology
recipients, (2) technology sources, (3) means of communication, (4) means of
transportation, (5) amplifying or suppotring institutional participants,'and

(6) regulating institutional participants.
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System Deficiencies

With the objective being the transfer of technology to the LDCs from
small or medium size enterprises in developed countries a limited descrip-
tion of the participants and identification of some of the related generic
deficiencies can be provided. The recipient will probably be an individual
working alone, in family group, or as the head of a closely run organization.
The recipient may fall into one of three classes: private commercial,
private non-commercial or governmental parastatal entity. The identifiable
deficiencies associated with the recipient that are most commonly encountered
are: (1) lack of ability to describe a technology need, (2) lack of knowledge
concerning technology available to satisfy the need, (3) inability to make
appropriate choices, (4) inability to communicate need, (5) limited ability
to determine value of available technology, (6) limited ability to apply
technology needed, and (7) limited ability to negotiate terms of transfer.

Obviously all recipients do not exhibit all of these deficiencies.

The immediate technology source can be passive, as a library, open
iiterature, or some data banks. It can also be an active source such as a
government organization, commefical/industrial organization, financial insti-
tution, a public or private foundation, educational institution, research
institute, individuals, or consulzants. Since interest lies in tapping the
large technological reservoir associated with the smaller enterprise sources,
our analysis is weighted in that direction. The deficiencies that are most
commonly encountered here are: (1) limited perception of the extent of the
technology possessed, (2) lack of knowledge of needs or opportunities for

applying the technology in LDCs, (3) lack of know-how related to the process
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of technology transfer, particularly relevant laws and institutionms,
(4) insufficient knowledge of available incentives and returns, and
(5) insufficient experience in analyzing technology applicability in external

markets, cultures and economlc systems.

The multi-faceted element that has been labeled "means of communication"
can be separated into a number of elements. The common carrier elements
consist of mail, telephones, teletype and some data-transmission systems. The
specific elements include language translation facilitiles, specialized
technu ogy information transmission systems, network or leased combinations of
common carrier elements such as used by banks and government agencies, and
courier systems. The deficiencies in this element are usually readily apparent
and country specific. However, when considering the question of access to
means of communication as well as their existence, we find the small source
and recipient to be much more limited in their means of communication, and
an analysis yields some general deficiencies. These are: (1) limited dedicated
communication systems for transmitting technology availability and needs
information, and (2) limited systematic availability of cultural
and commercial considerations bearing on technology tramnsfer. It should
be emphasized that the mere existence of information does not constitute
a "means of communication." The information must exist within an active system
in a form that is readily useable in technology transfer and is retrievable by

the prospective user.

Sometimes technology does not exist in a language form; sometimes it is
an inherent part of equipment or machinery. Other times it is assoclated

indelibly with particular people or is in the form of complicated drawings



269

or models. In these forms the technology requires a direct “means of trans-
po?tation" in order to effect the transfer. Deficiencles in "means of
transportation" generally are country and technology specific and can be
corrected on an ad hoc basis by the transfer participants when the deficiency
is recognized. Rarely is a deficiency in a "means of transportation" of

technology a serious inhibition to its transfer.

The "amplifying institutional participants" element can best be described
as those institutions peripherally agsociated with effective use of techno-
logy. As en example, banks to facilitate financing, training institutes for
skill enhancement, general communication and transportation organizations,
professionals and their organizations, standards and procedures boards and
the many governmental service agencies. The deficiencies that would be
encountered in this element are almost entirelf dependent upon the demands of
a specific technology and the country or region of application. The princi-
pal problem associated with this element is the lack of readily available

aﬂd disseminated information.

The "reg-lating institutional participants” are usually governmental
institutions such as licensing agencies, project assessment boards, exchange
agencies and a great proliferation of permit grantors. Here again deficiencies
as such are country specific and, to a lesser degree, technology related.

The general problem likely to be encountered is a lack of currently valid
information on what is required, how to comply with the requirements and what
response can be expected. Along with current information there frequently
exists great uncertainty as to the time required for making decisions, and

what may be the future substantive changes in regulations related to the
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technology tramnsfer or to its use. This element tends to maximize the

deficiencies of inadequate knowledge and uncertain future.

Having arrived at some understanding of what is meant by technology
transfer, factors involved in the process and the system's deficiencies
(summarized in Table I) it is now desirable to categorize the deficiencles

in terms of possible methods of eliminationm. This has been done in Table II.
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TAELE I

BASIC ELEMENTS OF TECHNOLOGY TRANSFER AND SOME
GENERAL ASSOCIATED DEFICIENCIES WHEN INVOLVING SMALL ENTERPRISES
AND DEVELOPING COUNTRIES

TRANSFEREE OR RECIPIENT

la~ Lack of ability to describe technology need.

1b- Lack of knowledge concerning the technology available to satisfy need.
le- Inability to make appropriate choices.

1d- Inability to communicate or publish need.

le- Limited ability to determine value of available techuology.

1£~ Limited ability to apply available technology.

lg- Limited ability to negotiate terms of transfer, where necessary.

TRANSFEROR OR SQURCE
2a- Limited perception of the extent of the technology possessed.

2b~ Lack of knowledge of needs or opportunities for applying the
technology in developing countries.

2¢- Lack of understanding of the process of technology transfer,
particularly relevant laws and institutioms.

2d- Insufficient knowledge concerning available incentives and aids.

2e- Insufficient experience in analyzing technology applicability in
external markets, cultures and economic systems.

MEANS OF COMMUNICATION

ja- Limited specific communication systems for transmitting avail-
ability of specific technology and existing specific technology needs.

3b- Limited systems to communicate availability of existing incentives
and regulating laws.

jc- Limited systematic availability of cultural and commercial con-
siderations bearing on a specific technology transfer.
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MEANS OF TRANSPORTATION

4a- The deficiehcies-1pﬂchis-e1ement are usually country specific and

rarely are they a serious inhibition to technology transfer since
the participants can directly correct or circumvent a deficiency on
an ad hoc basis.

AMPLIFYING INSTITUTIONAL PARTICIPANTS

S5a-

5b-

Anonymity of the institutions in the technology transfer system.

The deficiencies are usually country ot regional specific and tech-
nology specific. However, most training and support institutions
are inadequate in number and quality in the developing countries.

REGULATING INSTITUTIONAL PARTICIPANTS

6a-
6b-

6c-

6d-

Lack of currently valid information on requirements.
Uncertainty concerning time required for compliance and decisions.

Uncertainty concerning possible future substantive changes related
to the technology transfer or to its future use.

In general the deficiencies in this element are country specific
and, to a lesser degree, technology specific.
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TABLE II

CONSIDERED METHODS OF CORRECTING DEFICIENCIES IN THE TECHNOLOGY
TRANSFER PROCESS AS APPLIED BETWEEN SMALL ENTERPRISES AND

DEVELOPING COUNTRIES

Methods Deficiency

Retain research institutions la, lc, 1d, le, 1lf, 1g,

or consultants to supply 2a, 2b, 2d, 2e, 3b, 3c,
_background knowledge and experience. 5a, 6b

Utilize training institutionms, schools la, 1b, 1lc,

,and universities for general, direct le, 1f, 2e,

acquisition of knowledge and expertise. 5a

Access to general technology transfer 1b, 1d, le, 1f, 1lg, 2a 2b,
marketplace or exchange. o 2¢, 2d, 3a, 3b, 3c, Sa, 6a
Use of non~technical profeaaionals’ 1g, 2c, 2d, 3b

such as lawyers, accountants, bankers, etc. 5a, 6a, 6b

Others (Governmental agencies, etc.) 4a, 5b, 6b, 60



274

Corrective Institutions and Actjons

The broad knowledge and experience that could be provided by research
institutes or consultants, at or near the place of technology utilization, is
particulérly useful when questions arise concerning the general applicability
of technology to fulfilling a specific need. This is the important first
step of associating a need with a possible technology solution and it is
then that the need is transformed into a technology transfer opportunity.

The next application of backgrouni knowledge and experience is in the assess-
ment of a specific technology with respect to applicability and adaptability.
Usually, this is done best near the place of application but can also be
acﬁomplished near the technology source. A third application of background
and experience comes in the process of technolegy application and improvement.
This usually is accomplished best at the place of application and is an
extremély important aspect of successful technology tramsfer. Research
institutes and consultants are often required most often at the place of use

‘gssociated with the recipient.

The need for training institutions, schools, universities and ad hoc
courses and seminars is required primarily at the place of utilization to be
effective in mitigating the jdentified deficiencies. These ingtitutions are
most useful in sustaining the technology transfer process and in broadening
the capabilities of the individuals directly involved. Some of these
institutions provide long-term support to regearch institutes, consultants
and the non-technical professional sector as well as directly to the tech-
nology transfer process participants. In fact, the training cf lawyers,
accountants, financial experts and other professionr in these institutions
is usually fostered early in a country's development because of the obvious

need for these people in the government sector.
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The use of non-technical professionals in the technology transfer process
is weil recognized. However, we find a limited knowledge of the professional
services specifically applicable to technology transfer that are available in
some international institutions and developing countries. The recognition of
the usefullness of non-technical professionals is not common among small sources
and recipients. Usually the initial responsibility for the general employment
of these professionals rests with the source. The use of these professionals in
a representational or analytical mode can be of great value to the recipient and

the source.

In the previously discusse? institutioral approaches to correcting defi-
ciencies, institutions or functions were described that are common to a
developed country's milieu and are well understood. The meaning ;f the term
"ma;ketplacé" may not be as well understood and thus requires some further,
more detailed, explanation. Rarely is the marketplace onlv a "place". In the
modern sense of the term it is usually a mechanisn or system that serves the
single purpose of promoting and implementing a meeting of the minds. A market-
place can be as simple as a common directory or it can be a complex set of
rules, brokers, data banks and sophisticated communications systems. A particular
marketplace can be described in terms of the products marketed, access rules,
banked data and information, and communication systems. A single marketplace
may use the most complex and sophisticated electronic system along with basic
hand signals to form its communication system. The access rules may be complex
but are meant to regulate who has access, what is marketed, how the actual
exchange is effected, what time limits are involved, what are the marketplace
charges, what laws apply, the liabilities incurred by all parties, what recourse
is available, and on and on. Banked data ranges from zero tqveﬁtraordinarily
complex historical, authenticating and regulating information about the product

_and the involved parties.
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The analysis in Table II suggested the need for a marke;place that would
deal in available technology and technology appllcation opportunities to
overcome a large number of jdentified deficiencies. Parts of this marketplace
exist in both commercial and non-commercial forms but no single place performs
the broad role needed by the potentially large numbers of small participants.
1f such a marketplace could be non-exclusive and available to anyone on a

minimal charge basis, there would be no requirement to use brokers.

The marketplace might consist of a two step system in which the first step
leads to the second. The second step follows the initial commitment and con-
tains ccst and proprietary considerations. Banked data would be located in
the first step and would include product description, source/recipient infor-
mation, and commitment terms to access step two. The first step might also
contain optional information bearing on other elements of the transfer proeess
such as laws, regulations, incentives and assistance and assisting institutions
available. It could alsc contain general and specific country or regional
data. The market communication system could consist of a worldwide data
network connected to a data bank and accessible through written correspondence,
verbal means, dirert teletype and computer terminals. The seco.. step in the
marketplace function would be direct contact of recipient and source for

comﬁleting the contractual details.
Conclusions

The foregoiug d’ lcuesion leads to the inescapable cohclusion that an

Sy

effective system for the transfer o£ productive technology 13 a highly

desirable pa;ﬁ of any effort tb p:ovide ecgnomic development. Since a large
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portion of these productive technologies lies in the private sector, the private
gector must be strongly involved. Figure 1 is a schematic diagram of the pro-
ductive technology transfer system that attempts to deal with the relationships

between the participants without imparting a sense of impossible complexity.

The constructive invoivement of governments is essential, particularly
when the system is used by the small enterprises in the private sector. Since
the productive technology transfer process is basically a contractual arrange-
ment, sanctity of contracts is a must. Goverruental powers are necessary in
this relationship. Orderly economic processes are a necessity for the smaller
enterprises and again governmental roles are demanded. The recognition of
intellectual property rights and the establishment of product and business
standards are, to a large extent governmental responsibilities. In some countries
the governmental role in the transfer process has become SO pervasive the govern-
ment has to be considered a party to the transaction. When coupled with the

sovereign position of governments, this can be chilling to the other participants.

Government policies with respect to foreign investments, convertibility
of assets, international and domestic trade, social objectives and a host of
other subjects can have an encouraging or discourazing effect. Outside of
these general areas however, governments can play a more direct role in making
the transfer process more efficieat. In the field of ancillary information
dissemination on political, economic and cultural matters, and in generalized
need or opportunity identification area, governments can take a rather direct
hand. Skill training over a wide range of subjects can be encouraged and even
supported by governments. Institution and infrastructure development of many

types can be effectively supported by governments.
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With all of these and more possibilities, governments would do well to
remember that significant direct involvement in an individual private sector
technology transfer project should be the exception. There is much that
government should do. Even more that it can usefully do. Too strong an

embrace, however, could exclude the smaller enterprises.

Most individual practitioners in the field of private sector productive
technology transfer admit to using a set of principles to guide their actions.
Following is a partial list that might be considered.

1. All parties to a technology transfer transaction must, within

the context of their own interests, benefit from the trans-
action. This must be both a real and perceived benefit.

2. All parties to a technology transfer transaction should,
within the limits of their applicable resources and capabil-
ities, engsure the maximum possible appropriateness of the
technology to the specific application and the milieu of its
intended use.

3. All parties to a technology transfer transaction will conform

to the applicable laws of the sovereign nations governing
their actions and shall recognize the sanctity of contracts

under these laws.

4. All parties to a technology transfer transaction must recognize
rights of technology ownership where it .xists.

5. All par.ies to a technology transfer transactien will recognize
the voluntary nature of the initial decisions to participate
and the right to withdraw free of harm prior to the time of
mutual commitment.

To these general principles a host of "eruths" can be added. Some, such
as the fact that technology is transferred mainly by people-to-people actions
over extended periods, are obvious, while others are more specialized. In
the end, any program of productive technology transfer supported for the pur-
pose of country economic development must use these principles for the parallel
and mutually reinforcing goals of employing the unemployed, making more pro-

ductive the already employed, increasing the productivity of all assets employed

and satisfying the demands of the marketplace.
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ABSTRACT

Observers of rural development programs recognize that often there
are unintended discrepancies between development objectives and achieved
consequences. Rural development programs designed for developing nations
are characterized by social values as well as technical goals. The success
of the program is measured by progress toward the implementation of values
as well as the achievement of technological-developmental goals. Attention
is drawn to the social processes by which énd the social structures through
which rural development projects are implemented, and it is demonstrated
that these are frequently counterproductive - thwarting the realization of
both technical and valuational goals. One social process in particular,

incorporation, often is an integral part of rural development programs and

projects, and the incorporation process typically has negative consequences
for poor farmers in the Third World. Alternative ways to carry uvut rural
development are discussed, and the major alternative explored hLere focuses

on intermediate institutions. Implications of these ideas are explored with

the conclusion that developmental priorities should be reordered. Implementing
rural development through intermediate igstitutions would be consistent with
the aims of this conference: the use of technology/rural development methods
td increase the economic and social well-being of poor rural people in the

Third World.
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INTRODUCTION

A central purpose of this conference is to examine techmological change
lproceases and rural development (RD) in developing nations from several
disciplinary perspectives. In this paper, written from the perspective of
comparative sociology, the social processes leading to a discrepancy between
the values and goals of rural development and the achieved consequences are

exanined.

In the first section of this paper, the social values and goals of rural
development are discussed. These values and goals have been expressed both
implicitly and explicitly in the statements and writings of scholars, planners,
and practioners concerned with rural development. While unanimity smong experts
does not exist, there are several areas of relative common agreement. An
examination of the prccesses and structures through w"*ch :ural development
projects are implemented reveals thaﬁ human factors play a crucial role in
achieving desired technical goals. However, failure by planners and
practioners to accomodate these factors indicates that it is unlikely that

either the social values or technical goals will be realized.
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In the second section, it is argued that the processes of incorporation

often prevent rural development projects from accomplishing social ahd

| technical goals. The manner in which rural development traditionally has
been executed necessarily increases the incorporation of small farmers and
small farm communities into national level politics and economies in counter-
productive ways. Incorporation processes tend to defeat the technical alms
of rural development, weaken local community solidarity, and increase local
political and economic inequality. Examples in this section are drawn

primarily from Latin American experience in rural development.

In the third section, an alternative structure for implementing rural
development projects is suggested. Specifically, the merits of implementing

rural development projects through mediating structures or intermediate

institutions is explored. An examination of producers’ industrial cooperatives

(PICs) discloses ideas for developing intermediate institutions. The section
closes by discussing procedures for developing or strengthening mediating

structures in the rural regioms of developing nationms.

In the concluding section, several implications of the ideas discussed
in this paper are explored. A major implication is that social and political
development may require precedence over directed technical and economic change

if the values and goals of rural development are to be achieved.

SOCIAL VALUES AND RURAL DEVELOPMENT

While "there is not yet any agreed-upon framework of development theory"
(Penny 1973:5, lLoag 1977), there is general acceptance of the appropriate socia
values for rural development. In the United States, these values are frequentl;

discussed under the heading of "“seczxial soundness" or "social and envirommental
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impact” analysis. The specific language varies from one expert, program Or
country to the next, and sometimes the differences are profound rather than
semantic, but more frequently variations are an umbrella for a common
understanding of desired values. Thus, while some rural development experts
believe that agricultural productivity is a first-order priority, and others
contend that employment, family planniag, basic human needs, access to the
factors of production, or something ¢lse ta%is precedence over productivity

as such (compare Adelman 1981, Greenwood n.d., Mencher 1981 and Streeten 1979),
virtually all experts agree that rural development also must enhance the
welfare of the poor majority in the countryside. There are virtually no rural
development experts working in developing or low-income natioms who contend
that concentrating on production or other economic goals without considering
the impact this has on the welfare of rural groups is sound or desirable policy.
Among experts directly engaged in rural development, there is little support
for a policy of economic growth without relatively equitable distribution of

that growth.

Unfortunately, the more one specifies the social values for rural
development, the greater the chances for disagreement. Nevertheless, the

following list of values would probably find widespread agreement.

Rural development should:

1. "be responsive to the needs of rural people" rather than focus exclusively
or even primarily on commodities (Friedman 1981:235).

2. be "compatible" with local ecological conditions and avoid degrading the
natural environment (Friedmann, Ibid.).

3. ensure "growth with equity" (Friedmann, Ibid.).
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4. be designed in ways which permit the intended beneficiaries to actively
participate in planning, implementing and evaluating (Bryant and
white 1980, Saint and Coward 1977).

5. be compatible with the values, institutions, and culture of the intended
beneficiaries. One varilant expression of this value is that rurgl
development programs must respect the integrity of community institutions
and should either promote,or work through the institutions of well-organized,

cohesive and "socially vital" communities (Bowles 1979).

These values have pragmatic as well as humanitarian objectives. For
example, although some may regard "growth with equity"” or client participation
as primarily consummatory goals, they also are instrumental for rural
development. Thus, one of the most commonly cited reasons for rural development
project failure is that planning and implementation were from the top down
rather than bottom up. This leads to misunderstanding, suspicion and non-
cooperation between change agents and clients, and consequently is practically
a guarantee of failure. Conversely, well-informed clients actively participating
in a project often work effectively with change agents to ensure its success.
Somewhat similar statements could be made with reference to each of the values
listed above, but the central point is that insofar as the concern focuses
on the general welfare of people in the countryside rather than on commodity
production or rhe interests of the elite, the values are means as well as
ends. This is one of the major lessons learned from the past 35-40 years of

development efforts.

A second lesson is that a socially vital, cohesive community is better
able to utilize, cope with, and perhaps control project impact than a fragmented

community. A well-bounded, well-integrated, and stable community often is able
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to successfully insist on participation and to participate positively in
project implementation (see Bowles, 1979). Additionally, the troublesome
problem of "free riders" (Bryant and White 1980) is lessened in such a
community. Hence, some experts, particularly those working in the field

of community development, argue that a wide range of projects should be
planned to promote or enhance community integration, and the involvement

of community members in locally sponsored collective events. In turn, this
will facilitate -community involvement with project-sponsored activities.
‘Indeed, this step may have to precede or at least coincide with the strictly
technical aspects of a development program. Here too, ends and means merge,
for many development experts believe that a well-integrated community
relatively free of internal conflict is a good end in itself as well as

being a solid basis for successful rural development.

Much of what has been previously stated is simply a clear recognition
of the fact that even the most narrowly conceived, strictly technical rural
development project is part of a socially, politically and culturally embedded
process. Evidence suggests that this self-evident point is commonly ignored.
For instance, while experts agree that overlooking or misunderstanding client
values is counterproductive for projects, many rural development projects do
just that. This is one reason why many rural development plans fail to meet

their stated technical and economic objectives.

still, some projects achieve technical and economic success, that is,
increase agricultural production, although the record of achievement in
Third-World countries is not particularly good (see Paddock 1973, Pollard 1981:561).

More commonly, rural development fails to satisfy the social criteria for
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guccess, for instance, "growth with equity". In fact, planned rural development
'too frequently increases social, political and economic differentials within
the countryside (see Hobbs 1980, but contrast Shingi, et al. 1981), and partly
for this reason often fails to improve standards of living for diverse rural
groups. Much the same may be said about the other social values listed above.
On reflection, experts have discovered that most of the difficulties in rural
development are soclal, political and cultural (see Morss, et al. 1976). There
is much evidence which indicates that sociopolitical problems must be solved
before technical and material objectives can be achieved (see Foster 1973).

In short, so-called 'humar. factors" are more important than technical ones if
rural development is to be successful and to realize the social values

enumerated above.

As an extension of the preceding disucssion, the next section deals with
structures and processes which are as common as they are counterproductive

for rural development.

RURAL DEVELOPMENT AND INCORPORATION

As nearly as can be determined, many planned rural development programs
and projects involve transfers (such as credit, extension services, equipment,
infrastructural facilities, crganizational arranger nts, technical knowledge,
etc.) from national level agencies more or less directly to local level clients
or client groups. For the most part, the transfers rarely pass through
intermediate structures controlled by the clients (see Adelman's 1981
description of the Columbian coffee growers' cooperative for an excellent
discussion of this proces:). While transfer is often simply a top down

process (see Figure 1), there are instances where the transfers are responses
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Figure 1: A Transfer Process.1

National level

/4
e

Regional level
A {
7\
Local or village 7 !
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level b c da

1. The solid lines are used to indicate that the transfers flow
downward; the dotted lines indicate that feedback can occur, but
the sources of feedback have little control over the situation.

The absence of horizontal lines at the lowest level is intentional
and depicts a relatively common, well-known situation ih low |
income countries. Indeed, control over development may be so
centralized at the national level that regional offices of any
given ministry "usual;y have little more than a letter-box function
or at best that of inspectorates. Only in a very few cases do

field agencies have planning functions" (Hilhorst 1981:539).
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to the bubbling up of client demands. Additionally, transfers may be planned
with attention to local, natural and social conditions; they may be open to
client participation, and they may even be articulated with local customs

and institutions. However poorer clients rarely exercise genuine control

over the transfers or over the agents in charge of the delivery systems. In
most low income countries, the lower social strata lack expertise and are
too poor to utilize the talents of the small middle classes which may have
some control over rural development processes. Then too, the latter are
typically dependent on socio-political elites. Also, insofar as poorer clients
do participate and local institutions do become intertﬁined in the development
process, they often are incorporated into national level structures in ways

which undercut rural development.

An illustration may clarify the issues at stake here. Although the
illustration is a composite, it is drawn from our personal observations and
the observations of others in Central America. Consequently; parts of it will
be familiar to most people. Suppose that the ministry of agricﬁlture in a
low income country decides to organize production cooperatives in a particular
rural region. Although the poor majority are engaged in agriculture, the
national economy is largeiy geared to the export of a few commercial crops
and the country's farmers are unable to feed the population. In fact, despite
its agrarian base, the country must import food staples (Honduras today would
be a case in point; see DeWalt 1983). The coops will allow small-scale cultivator
to increase production and income, for example, by the cooperative use of tractors
It is also possible that some unused, public lands may be brought into
produétion.' Moreover, if poorer farmers can increase production without major
land ;efdrm, the potential resistance of the agrarian elite toward the development

program will be lessened.
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The ministry of agriculture charées its regional office and the extension
division with the task of organizing the cooperatives in a series of small
villages. The predominant majority of the villagers are small-scale farmers
or peasant cultivators. Although most people are poor, there are some
educational and socio-economic differences among the villagers, and there is
a small middle sector in the provincial capital. The provincial capital is
not only an administrative center but also a regional market, service and
transportation center, and is the location of the regional office of the
ministry. Many of the extension workers are recruited from middle sector
families living in the provincial capital. The development plan calls for
extension workers to build cooperativer in villzges which have forty or more
households. Villages with fewer than this number of househo;ds are to join
an adjacent village in forming a cooperative. (This is similar to the way
Panama handles some of its development programs.) The point to note here is
that there is generally one cooperative per village. There may be some sort of
regional council of cooperatives, but its officers are drawn from the ranks
of larger farmers resident in the provincial capital (seé Adelman 1981),
and in any case real power and authority tends, at least in Latin American
low income countries, to reside in the national level ministries (see
gilhorst 1981). The ministry, coordinating its activities with a development
bank, provides the cooperativés with access to credit, but it does not
preclude middle sector farmers from also obtaining loans from the bank.

Acting on the advice of foreign consultants, 1l.e., economists, applied
anthropologists and others, extension workers are inmstructed to educate and
train the villages in the principles of cooperatives (see Pollnac 1978).

They may combine this effort with some sort of radio program almed at farmers
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_(bavidson 1976) and also group discussions on how the banks, ministries and
other institutions in the country operate. There is reason iv believe that
this type of education enhances the effectiveness of rural groups in expressing
and realizing their needs (Tandon and Brown 1981). Finally, again acting on
the advice of consultants, the extension workers encourage the villagers to

gelect or elect cooperative officers according to their own local customs.

Without going into more detail, let us further suppose that the program
is 