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Preface

Most support for appropriate technology (AT) takes the form of micro-
interventions—support for oil processing, for example, in a village in Tanzania,
or wool spinning in Nepal.* Yet, despite a multiplicity of such interventions
and widespread agreement on the need for AT, progress in achieving
appropriate technology on a significant scale is generally acknowledged to
have been disappointing. The hypothesis on which this book is based is
that this comparative failure, despite successes at the micro-level, has been
due to obstacles resulting from macro-policies. The prime aim of this book
is to explore how macro-policies affect technology choices in order to
identify policies which would promote AT, The second aim is to understand
the political economy associated with the policies, so as to explore how
and why political economy may influence the chosen set of policies and
therefore the possibility of achieving AT.

Chapter One presents an introductory classification of macro-policies,
dividing policies into four categories—those affecting objectives, resources,
markets and technology—and tentatively identifying policies which would
support AT. Chapters Two to Eight are empirical case studies, which were
undertaken using the framework presented in Chapter One in order to
assess and illuminate the categorisation used there and the policies identified.
Six of the studies cover technology choice in the rural areas, while two
relate more to the modern urban industrial sector. Chapter Nine summarises
and analyses the major findings of the case studies.

The idea for this study originated at a workshop sponsored by Appropriate
Technology International (ATI) and organised by Ted Owens, held at Easton,
Maryland, in September 1980. The work on macro-policies and appropriate
technology, included in this volume, was the focal point of a subsequent
workshop held in Washington, DC, in January 1986 and sponsored by ATI
and the Overseas Development Council. The project has been financed by
ATL I am very grateful for their continued support. I would especially like
to thank Ted Owens, Ton de Wilde and Judith Polsky at ATI. Ted Owens
in particular was responsible for initiating the work and has been enormously

*Examples taken from Appropriate Technology as a Strategy for Developmen:, Annual Report
of Appropriate Technology International, 1984.
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helpful throughout. My experience with ATI has shown that large(ish)
organisations can support small projects, with a minimum of bureaucratic
requirements, and in friendship. I would also like to thank Mrs, Abha
Ghani for editorial assistance.

Frances Stewart
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Macro-Policies for Appropriate Technology:
An Introductory Classification

Frances Stewart

I. INTRODUCTION

In every case, actual decisions about technology take place at the micro-
level. That is, an investment decision embodying a particular technology is
made by decision-makers within a productive unit. The productive unit
may be a large organization with world-wide activities, such as a multinational
corporation, or it may be a very small unit, such as a family firm or farm.
Whatever the size of the unit, the level of decision-making is defined here
as “micro” since the decisions are taken by the units in question in the
light of their own objectives and resources.! But while each decision takes
place at the micro-level, each is strongly influenced by the external envi-
ronment in which it takes place. Apart from intervening directly by making
particular investment/technology decisions, governments can influence tech-
nology decisions only by influencing the external environment. Direct
interventions account for only a small proportion of all technology decisions,
especially in a mixed economy. Hence a government’s greatest potential
influence on techrology decisions takes the form of influencing a decision-
making unit’s external environment. Despite this, appropriate technology
institutions have tended to confine their activities to direct intervention.
This can be seen from the annual reports of almost any appropriate
technology institution, which generally consist of a list of particular inter-
ventions in technology promotion or dissemination.

This is a revised version of a paper prepared for an Appropriate Technology Intemational
Workshop on macro-policies for appropriate technology, which took place at the Institute of
Social Studies, The Hague, in March 1982. In preparing this version, I benefited greatly from
the discussions at the workshop. The paper appeared as an A.T. Int~mational working paper,
1983; a shortened version was published in the International Labouy Roview, No. 122, June
1983.

The full version appears in J. James and S. Watanabe (eds), Technoloyy, Institutions and
Government Policies, London: Macmillan, 1985,
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2 Frances Stewart

This paper looks at the government policies that affect the environment
in which micro-decision-making takes place, with a view to classifying and
identifying the set of policies likely to promote appropriate technology.
These policies are described as “macro”-policies to emphasize their general
nature, as distinct from direct and particular interventions at the micro-
level.

I1. DEFINITIONS

It is easy to spend too much time on definitions, Nonetheless, it is necessary
to be as clear as possible about the two main concepts under ciscussion—
macro-policies and appropriate technology.

* Macro-policies: As used here, macro-policies cover general government
policies which influence the environment where micro-decision-making units
operate. Micro»decision—making units are normally described as firms in
micro-economic textbooks. In this chapter the clumsy term micro-decision-
making units is preferred because the units do not consist solely of
conventional private sector firms, with owners, employers, and employees,
but also include public sector firms, cooperatives and family and household
organizations. For brevity the words “units” and “firms” will also be used
to encompass this spectrum of micro—dccision—making units. The macro-
policies go beyond the normal macro-policies of economic textbooks, which
are largely confined to policies towards major economic aggregztes, such as
the money supply, interest rates, public expenditure levels, budget deficits,
and so on. While these policies are one subset of the macro-policies
considered here, we also include many others—such as policies towards
technology supply, market access and so on. Macro-policies are used to
describe this great variety of policies to indicate that they apply to the
whole spectrum of micro-decision-making, in contrast to particular inter-
ventions. The policies may equally be described as general policies towards
appropriate technology. In what follows, macro-policies and] general policies,
will be used interchangeably,

* Appropriate technology: A great deal has been written on the definition
of appropriate technology.? We May contrast two views on its definition,
On the one hand there are those who define appropriate technology with

Project, it is the technology which maximizes social welfare if factor prices
are shadow priced.”

In contrast, most groups working in appropriate technology associate it
with a specific set of characteristics, rather than with social maximization
in abstract. This is also the approach adopted by some social scientists,t
The list of characteristics varies among authors. Among economic char-
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acteristics, a more appropriate technology is normally defined as: more labor-
using in comparison with a less appropriate technology (higher L/O); less
capital-using (lower K/L); less skill-using; making more use of local materials
and resources; smaller scale; and producing a more appropriate product
(that is, a simpler product designed for lower income consumers or a product
suitable as an input into other appropriate technologies).

Other characteristics sometimes emphasized are that appropriate tech-
nologies should not be environmentally damaging and that they should fit
in with socio-economic structures of rural life.5 According to the multi-
dimensional specific-characteristics definition, technologies may be appro-
priate in some respects, inappropriate in others. Moreover, since societies
differ in material resources, culture, and socio-economic structures, tech-
nologies may be appropriate for some societies while inappropriate for
others. The specific-characteristics approach thus does not uniquely, and
for all countries and for all time, identify particular technologies as appropriate
or inappropriate. Instead, it points to a multidimensional set of characteristics
which tend to be associated with more appropriate technologies.

Both definitions of appropriate technology—the social welfare definition
and the specific-characteristics definition—have their disadvantages. The
specific-characteristics definition can lead to a situation where an appropriate
technology (that is, the one with a more appropriate set of characteristics)
is an inferior technology or one which does not best enable a country to
meet its objectives. This might arise because the technology with appropriate
characteristics is inefficient in a technical sense (of low productivity) compared
with a technology with inappropriate characteristics. {n some cases, the
technology with appropriate characteristics might still be the best choice
(despite its technical inferiority), if its effects on some objectives (for example,
enabling the poor to participate in economic activity) outweigh its low
productivity. The specific-characteristics approach also concentrates on the
immediate consequences of a technology, while neglecting the wider, long
term effects which might make a technology with appropriate characteristics
preferable. For example, a capital-intensive technology inight generate exports
and thus relax a foreign exchange bottleneck, permitting more employment
in the long run than a more labor-intensive technology.

In such situations, the specific-characteristics definition leads to one of
two outcomes: either it encourages the adoption of the “wrong” technology,
taking all aspects into account; or, it means that technologies with appropriate
characteristics should not always be selected (that is, the appropriate
technology is not always the best choice). Apart from the fact that this
involves a type of linguistic contradiction, it also means that additional
criteria (of an efficiency, social cost-benefit type) are necessary in order to
decide what the best technology is.

The social welfare definition avoids these problems. The appropriate
technology is always (by definition) the right technology tc choose. But
there are other difficulties with the social welfare/cost-benefit analysis to
determining appropriate technology. First, this apparatus has many conceptual



4 Frances Stewart

and practical problems, especially for determining social values and shadow
prices.® Second, the social welfare definition can conceal, or even eliminate,
the insights offered by the appropriate technology movement, in that the
all-embracing terms used by economists, such as social welfare and objective
fun :tions, tend to lack descriptive content. Third, there are no signposts
for action in the social welfare definition as there are in the specific-
characteristics definition. According to the social welfare definition, only
one technology out of a set will maximize social welfare and can therefore
be called appropriate. Such a technelogy could be large-scale, capital-intensive,
and ecologically damaging. None of these characteristics are indicated by
the definition. But indicating that a!l the technologies in the set are
inappropriate ir some respects is extremely important in demonstrating the
need for search and research in specific directions and areas. This signposting
is one of the major contributions of the appropriate technology movement,
and one that is lost by adopting the social welfare definition.

The discussion of the relative merits of the two approaches has implications
for methodology, whichever definition is finzlly adopted. On the one hand,
if a specific-characteristics approach were adopted, then other criteria (en-
compassing something of the social welfare approach, albeit rather simply)
would be necessary to make sure that social and economic considerations
of efficiency, dynamic as well as static implications, and general as well as
partial effects were included in determining technology choice. On the
other hand, if a social welfare definition wera adopted, then a checklist of
specific characteristics would be essential to assess each technology to provide
signposts for choice, search and research.

Both approaches have to be applied in a dynamic context. Over time
the resources available to any country, as well as the technological possibilities
open to it, are changing. Consequently, the appropriate technology (according
to either definition) will generally change over time, Moreover, technology
choice affects a country’s development path—most obviously in relation to
employment creation. A technology that maximizes short-run employment
can be different from one that maximizes long-run growth in productive
employment opportunities. Selecting the appropriate technology then de-
pends on the trade-offs and on country preferences in relation to time.

The question of a country’s preferences or objectives is at the heart of
a social welfare approach to appropriate technology since social welfare can
be measured only if social objectives have been determined. Country objectives
do not enter explicitly into the specific-characteristics approacn. However,
in selecting characteristics some objectives are implicit. The characteristics
have been selected as those that, broadly speaking, would spread employment
opportunities and provide income-earning opportunities for the poor, thus
reducing poverty and inequality. The preselection of objectives can be
regarded as a strength of the specific-characteristics approach, because it
correctly reflects a major element in the appropriate technology movement,
which is concerned with objectives as much as the means of achieving
them. At the same time, it preempts what should be the choice of the
people concerned, rather than that of an outside movement.
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Moreover, while the broad elements of the objectives embodied in
appropriate technology are generally agreed upon, their precise details are
not—especially the importance attributed to different objectives. This lack
of clarity is reflected in the uncertainty about precisely which objectives to
include and what weight to give them when conflicts occur, With a specific-
characteristics approach, a government may reject the appropriate technology
because it does not share appropriate technology objectives—for example,
because it wishes to modernize and maximize growth and places little weight
on reducing poverty. In contrast, with a social welfare approach, government
objectives are automatically incorporated in the measure of social welfare,
This means a government would never reject the appropriate technology
identified by the social welfare approach, but that every technology might
not be recognizably appropriate in terms of the normal objectives of
appropriate technology. For example, it might involve heavy expenditure
on prestige and capital-intensive modernization projects, if that is what the
government wants.

The rest of this book adopts a specific-characteristics approach, recognizing
its limitations: the selection of precise characteristics and their weighting
is often arbitrary and should always incorporate local preferences; the
characteristics need to be supplemented by some assessment of social efficiency
before the technology is chosen; and it is possible that an appropriate
technology, defined by this approach, could be rejected because the objectives
implicit in the characteristics do not reflect the objectives of a particular
government.’

III. THE MACRO-ENVIRONMENT
AND THE MICRO-DECISION

We define the micro-unit as the organization (generally a firm) which makes
a technology decision: that is, chooses, acquires, installs and operates a
particular technology. This unit may be in the public or private sector,
may be a capitalist or family unit, in industry, services or agriculture. The
unit makes its decision in light of the following factors:

L. Its own objectives (which may be to maximize pre- or post-tax profits,
family income, employment, and so forth).

2. The rescurces available to it and the prices it has to pay for these
resources. The resources include material inputs, labour of various
skills, and capital equipment. The prices an organization has to pay
consist of the actual prices it faces (for example, wage rates for labour)
and taxes of various kinds (for example, social security payments).

3. The nature—size, industry and type—of the market it faces. (“Type”
refers to the market that makes up the major consuming element—
for example, high-income or low-income, local or internaiional). In
part, the nature of the market is dependent on the history of the
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organization. Thus, a firm that has always manufactured soap tends
to stay in that market, A large-scale firm that exports most of its

4. The organization’s knowledge of available technological alternatives,
This is a function of three variables: (i) the actual technology shelf
in the industry, which depends on the historical development of
technology in that indust i (i) existing information channels about
technology in that industry (for example, consultants, machinery
salesmen, information services, and so on); and (iii) the efforts the
firm puts into collecting information and the nature of those efforts.
For example, one firm may do nothing abou écquiring information
and simply depend on local machinery salesmen for knowledge; others
may actively search, sending engineers abroad to look for suitable
second-hand machinery or to come up with innovations through their
own research and development.

In sum, technology choice depends on firm objectives, resource availability
and cost, markets, and technology, or O, R, M, T. It follows that macro-
policies may affect micro-choice of any given unit by affecting any of these
four variables. In addition, the government can affect the balance of choice
in the economy as a whole by altering the proportion of resources controlled
by various units, or what we shall call the composition of units in the
economy. For example, small-scale units generally use more labor-intensive
technologies than large-scale units; whether they are public or private. By
shifting the control of total resources the government may bring about
more appropriate technology in the economy as a whole, even thoush it
has not altered the decisions of any particular unit.

Macro-policies, considered briefly below, consist of ths policies which
affect the four variables and those affecting the composition of units in the
economy.

The socio-economic framework of an economy is highly relevant in two
respects. First, the framework influences many variables affectin technology
choice. For example, the organization of productive units, thair access to

conclusions as to appropriatc macro-policies may vary according to the
socio-economic framework. Secondly, political economy variables influence
which policies are feasible in 4 particular context, and which are not. Thus
a strategy that might at first appear best, from the point of view of promoting
appropriate technology, may have to be ruled out in a particular context
because it appears infeasible, and some apparently second best set of policies
may have to be recommended. This is a problem-ridden area because it is
very difficult to judge what is and what is not feasible. Yet to ignore it can
lead to useless recommendations,
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Two extrene views on political economy can be contrasted. On the one
hand, economists’ first-best recommendations normally completely ignore
the limitations or constraints iraposed by political economy or assume that
they do not exist. In many situations, recommendations made without
recognizing the constrants are ignored. Rudra indicates the failures of
appropriate technology in India since independence—despite government
rhetoric in its favor—and attributes such failures mainly to conflicts with
important power groups. A similar dichotomy between rhetoric and acticn
can be seen in Tanzania, and the explanation is also largely a matter of
political economy.’

In contrast to the no-constrairts view, the view is sometimes taken that
the forces of political economy are so great that there is little room left
to maneuver. Galtung’s view of structures comes close to this position.
Every technology, according to Galtung, is associated with a certain econommic,
social and cognitive structure that “produces, filters out and accepts only
the techniques that will b2 accompanied by such structures, thereby rein-
forcing the structure themselves.”® The structures associated with Western
advanced techriology consist of the capitalists, scientists and bureaucrats
who benefit from the technology. Their positions would be threatened if
an aiternative techuology were adopted. But these are the people who make
most of the technology choices. Consequently, there is little possibility of
introducing an alternative technology on any scale in any society where
sucn advanced technology is well established. ©

Historic experience—and common sense—suggest that there is much
truth in a structures or ¢ itical economy view that leaves little room for
choosing alternative technologies. But there is some possibility of choice,
as indicated by the wide variety of technologies in use, both in a single
country and across countries.!! More effort needs to be devoted to exploring
the forces of political economy and the factors that determine technology
choice. One fruitful approach is a game theory, as suggested by Enos.

It is first necessary to identify and delineate the groups affected by
alternative technology choices and also to determine what power the various
groups have over the technology choices. No group is completely homo-
geneous. For example, workers are differently affected according to their
skills, their experience and versatility, and their family circumstances.
Nonetheless, it is usually possible to pick out the main groups which are
likely to be affected by technology choices, even though there may be
differences ameng them. We may distinguish between decisions involving
the government and those that do not. Decisions that involve the government
are those where the government itself plays an active direct role (for example,
in choice of technology with respect to public sector investment) and those
where the government plays an indirect role by forming, or at least influencing,
the rules (prices, tariffs, etc.) which determine the framework in which all
micro-units make decisions. This last category is relevant in formulating
macro-policies for appropriate technology (although the considerations are
similar where the government is acting directly). In all micro-unit decisions,
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obviously one of the relevant groups is the government. The question is
the nature of the government: what interests it represents and hence how
it is affected by different decisions, what objectives it holds and what game
it is playing—together hcse /ill determine the actions it takes,

Implicitly, these two xtren:e views malke different assumptions sbout the
nature of government. The first-best type of view of many economists,
implicit in much social-cost-benefit analysis, is that a government is a single
entity whose interests are those of the nation and whose objectives are to
maximise social welfare. This leaves (an impossible)'? task of identifying the
interests of the nation, especially where (to use Disraeli’s term) there are
“two nations,” in order to make maxinization of social welfare meaningful.
If this can be achieved, then one does not need to trace the particular
interests that are embodied in a government and the effects these have on
technology choice and associated policy variables. At the other extreme is
the view that a government uniquely and consistently represens one set
of interests—in Galtung’s example, those of the researchers, bureaucrats,
and capitalists. But this view also oversimplifies a complex world. In reality
governments are not homogeneous but have tiss with numerous groups.
The groups vary from society to society, and the ties are sometimes strong
and sometimes weak, particularly where conflicting interests cecur among
the various elements which influence government. Careful empirical work
is needed in each situation to delineate the various groups which make up
or influence government decision-making. Such research is required before
either of the two extreme views just described can be accepted or rejected,
although exponents of both views do not seem to view such ressarch as
necessary.

If governiaents are linked ro many different groups, then there is potential
for conflict of interests among them. Potential rule changes (or macro-
policies) are of three types, in terms of the gains or losses for various
intere.: groups:

1. Those where all groups constituting government interests gain;
2. Those where all groups lose;
3. Those where some gain and some lose.

In exploring feasible s:rategies, it is helpfu! to classify desired change: into
these thre categories. Changes that positively afiect all major parties (category
one) are obvicusly politically realistic. It might be thought that very few
changes would fall into this category, since such ckanges would presumably
already have been put into effect. Put in a dynamic world, where new
possibilities are continuously arising (which is especially true of technology),
new information can lead to the emergence and identification of such
changes. Changes in thr: gecond category, where all groups lose, are not
politically feasible.

Miust potentially feasible changes are likely to fall into the third category—
some gainers, scme losers. The number of possible changes within this



Introductory Classification 9

category will determine the extent of politically feasible macro-policies for
appropriate technology in any particular context.

Two facts prejudice the likelihg~d of change within category three. First,
the very fact that there are losc:s indicates that the changes will not be
politically straightforward. Second, since the changes have not heen carried
out, we may assume that the losing interests dominate the gaining. However,
it is also possible to identify ways to make it more likely that a change in
this category will be made. These include altering the proposed change so
that the distribution and size of gains and losses are also altered, to make
the changes more acceptable; devising new political coalitions to strengthen
the gainers vis-3-vis the losers; or providing information which may alter
the various parties’ assessment of the changes.

A simple example may clarify the discussion. Assume that tractors are
being introduced in large farms in a particular area, and that these tractors
are being bought with subsidized credit available to the large farmers from
government credit institutions. In terms of the specific-characteristics def-
inition of appropriate technology, it appears that the tractors are inappropriate
compared with the use of labour plus bullocks, since the tractors are more
capital-intensive, large-scale, use imported inputs, etc. Are the tractors also
inappropriate according to the social welfare definition? The answer depends
on the values (shadow prices) of a social welfare exercise; however, many
case studies have shown that tractors do not maximize social welfare.1? Let
us assume that this is the case here. Hence, to ensure that the appropriate
technology is selected, the government needs to alter various rules, so that
tractors are no longer introduced. The government could make the following

changes:

(a) redistribute the lanc by taking it away from the large-scale farmers
(who consequently are no longer velevant to technology choice) and
giving it to small-scale farmers who continue to make appropriate
decisions;

(b) reduce the availability of credit for the purchase of tractors to large-
and small-scale farmers;

(c) increase the price of credit so that ** farmers find it more profitable
not to buy tractors; or

(d) ban the import of tractors.

All of these changes have been suggested at one time or another in
order to promote appropriate technology. The alternatives can be approached
at various levels and from various points of view. The economists’ approach
is to maximize efficiency. In general, this tends to favor change (c), insofar
as it could be shown that previously the prices of credit or !abor were
distorted. Alt=rnatively, those concerned with distributional considerations
would favor (a) the redistribution of land followed by (b) the redistribution
of credit. While not totally disregarding considerations of economic efficiency
or distribution, a political economy approach would look at all alternatives



10 Frances Stewart

from the perspective of feasibility. Using the classification system suggested
above, the first requirement would be to draw up a matrix showing the
gains and losses to different groups from the various changes. This has
been done (for illustrative purposes only) in table 1.1. In the matrix, option
(d) has been divided into two: (d)' vruld ban all tractors, including local
production and (df* would ban imports only. While banning all tractors
obviously is more effective from an appropriate point of view, banning
imports is the more common policy.

The matrix illustrates a category three conflict situation with some groups
gainir y and some losing from each change. The size and distribution of
gains .nd losses among different groups differ significantly according to the
strategy selected. The redistributive strategies (a) and (b) hurt the large
landown:*s most and help the smali landowners most. The landless laborers
gain most from the land redistribution strategy because it is assumed that
some of the land is redistributed to them. They benefit equally from each
of the other strategies except (d). Banning tractor imports is less beneficial
to them, since it is assumed that some tractorization continues with locally
produced tractors. There is nothing in the matrix about the social benefits
of the varicus alternatives because any adding-1p exercise depends critically
on the weight attributed to various groups.

In order to say something about the political feasibility of the possible
rule changes, we need to know the weight the government gives to each
interest group. This requires an analysis of the political composition of the
government, the sources of its support, and the power of pressure groups.
A government whose major concern and support is from landless laborers
would choose option (a). In contrast a government that is dominated by
large-scale farmers would do nothing. Most governments are subject to a
variety of interests of varying strengths. They are concerned about em-
ployment and therefore give some importance to landiess labourers, But
they are also subject to pressure from landowners large or small and therefore
would tend to choose options (c) or (d) which benefit the landless while
minimizing the cost of landowners. In addition, many governments are
subject to pressure from local producers. Consequently (d)? might be the
most attractive option. It benefits a major local interest group (tractor
producers), gives the appearance (and perhaps a little of the reality) of
helping the employment situation, while only slightly harming large farmers.

In many situations, there can b= conflicts between first-best options from
the point of view of economic efficiency and/or social justice (options (c)
and (a) in our analysis) and those which are politically feasibile (option (d?)
according to at least one plausible political scenario. Where such conflicts
emerge (which can inhibit appropriate technalsgy), it is worth investigating
poasible ways to alter the outcome, as meniioned above. The matrix of
benefits and costs of the way the political system processes this matrix
could be altered. For example, a new technology might be produced which
would benefit all categories, such as a manually propelled tractor. It could
be made locally (thus benefiting local tractor producers) and, if associated
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with some change in taxes or subsidies, it would not be detrimental to
large landowners. Alternatively, political action by the landless laborers,
joined perhaps by small landowners, might alter the importance the gov-
ernment gives to various groups and therefore the outcome with the given
benefit matrix. Possible and effective changes will vary according to the
particular case.

It must be emphasized that the example given above has been illustrative.
It is close enough to actual cases, however, to help explain why tractorization
and other types of inappropriate technology persist despite clear evidence
of their negative social benefits. The example is intended to emphasize the
conclusion already reached: that designing policies without considering
political realities often leads to ineffective recommendations.

Political economy impinges on the timing and sequencing of particular
strategies. Certain developments (for example, technology choices) establish
a nexus of interests which then become powerful in influencing future
decisions—both technically and politically. For example, the establishment
of an assembly plant may establish employer and employee interests in
continued protection of that industry and its market and create technical
needs and political support for ancillary services (for example, transport,
local maintenance services, etc.). In the above example, the initial decision
to establish a local tractor industry generates political forces which influence
the likely choice of strategy. The initial decision should then take into
account likely later developments. A different initial strategy might be
optimal if later developments are allowed for. This is especially true for
technology, where there are strong links {political, technical, and economic)
between choice of technique at different stages of production. Decisions
about choice of technique at one stage justify choosing compatible techniques
at earlier or later stages.

IV. CUMULATIVE FORCES

Political and technical forces tend to lead to cumulative decisions with
respect to each of the four variables delineated above, G, R, T, M. To
summarize briefly, objectives (O) are mainly a function of the nature of the
micro-unit and of the competitive structure of the economy. Particular
organizations (for example, foreign owned firms, family firms) establish political
pressures for frneir continued existence; similarly, a highly protected non-
competitive structure of the economy generates interest groups whose
survival depends on the continuation of this policy. Conversely, a strongly
competitive structure forces firms increasingly to become profit maximizers,
rather than satisfiers.

R represents access to price of resources. A policy that gives some sectors
favourable access--for example, subsidized capital—is difficult to reverse.
Similarly, a high wage policy is difficult to reverse.

Market access (M) tends to be cumulative in that it is much easier to
maintain than create a particular market; often there is no way of reversing
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consumer tastes created for a particular set of products.! Also, firms acquire
experience in serving a particular market.

T, knowledge about technologies, is strongly cumulative. Research, de-
velopment, and knowledge concentrate on technologies in use (or already
known about) so that the direction of technical change is heavily influenced
by technologies in use. These cumulative forces mean that changes in
strategy should preferably be made early in the development process before
too many cumulative forces have been established; marginal changes might
be difficult to achieve. A radical break has to occur to generate cumulative
forces operating in a different direction.

V. CLASSIFICATION OF MACRO-POLICIES

The description of variables influencing technology choice at the micro-
level serves as a way of identifying and ciassifying macro-policies. In general,
such policies have the twin objectives of altering the decisions of particular
units and the composition of units in the economy in favour of those units
likely to choose more appropriate technologies.

Objectives

The objectives of any micro-unit depend on three things. The first is the
mode of production the unit represents. Objectives differ, for example,
between foreign-owned firms (aiming to maximize world-wide profits) and
local firms (concerned with local profits); between family firms (aiming to
maximize family income) and capitalist firms (aiming to maximize profits);
between publicly-owned and privately-owned firms, and so on. The second
is the organization within the firm. In some firms “engineering man” may
predominate, in others “economic man” (to use Wells' terms). In some
firms, manageiial objectives of maximizing output, for example, have come
to dominate capitalist objectives of maximizing profits. The third is the
economic environment in which the firm operates. In some environments
some objectives may not permit the firm to survive. For example, in a
protected and oligopolistic envircoment, firms may be able to pursue
“satisficing” objectives, while in a more comgetitive environment they may
be forced to be profit maximizers to survive,

Government policy can influence objectives in a number of ways: directly,
through government directives to publicly-owned enterprises; indirectly, by
changing the economic environment; and, for the economy as a whole, by
changing the composition of units,

It is not immediately obvicus which objectives best serve appropriate
technology. It is apparent that the effect of the objectives pursued depends
on the interaction with the other variables, so that in some contexts, for
example, profit maximizing could lead to appropriate choices, while in other
contexts it may result in inappropriate choices. In aadition, short-run and
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long-run consequences might differ, For example, if firms in the public
sector 2im to maximize employment in the short run, they will select
appropriate technologies, but, if these technologies are highly inefficient,
the long-run possibilities for appropriate technology could te damaged. It
is nonetheless possible to draw a few conclusions on objectives.

1. Satisficing type objectives—especially in large firms reliant on foreign
technology—lead to inappropriate choices. According to some research (for
example, Wells) engineering man is empowered to make the effective decisions,
which tend to be for over-sophi ticated tecknologies. According to others
(Morley and Smith), foreign-owned firms tend to select technologies similar
to those adopted in the home (developed) country. The choices of firms
which are profit maximizers will depend on the external environment (prices,
markets, etc)) they face. In some environments (oligopolistic competition
with product differentiation, high wages, subsidized capital) they will tend
to make inappropriate choices; in others they may make more appropriate
choices. Hence policies designed to change objectives need to be accompanied
by those that will change the economic environment.

2. Foreign-owned firms (or ones with close foreign associations) are
generally concerned with maximizing world-wide (after tax) profits. This
frequently involves adoption of the technology developed by the firm in
its home company. Where the country in question is developed, this often
means inappropriate technology and products. Where the country is another
developing country, the technology may be more appropriate. Government
policies here then may consist of countering such effects by creating incentives
or disincentives to encourage the use of local technology, encouraging less
developed country multinationals, and shifting away from foreign ownership.

3. In principle, governments may direct publicly-owned firms to take
particular decisions, but doing so is too cumbersome if it involves daily
interventions. Alternatively, and more efficiently, governments can lay down
the criteriz public firms should adopt. While this does occur in principle,
in practice it is often ineffective because of day-to-day pressures which
prevent the firms from carrying out government policy.

Thus, even in countries whose governments explicitly favour appropriate
technology, public firms often make inappropriate decisions. Public sector
firms seem to be more subject to internal and external pressures that
preclude either approprizte or profit-maximizing decisions than private firms.15
Additional work is needed to detcrmine what the appropriate criteria of
choice should te, and given the political economy of the public sector,
how the government can assure that the criteria are used.

4. Generally, the small-scale and family sectors appear to make more
appropriate choices both in the short- and long-term, partly because of
their objectives and partly because of other factors (markets, access to
resources). Macro-policies need to be designed to promote this sector and
to increase its efficiency. Thus, for governmenss it is not a question of
changing the objectives of this sector, but of formulating other policies.

The effect of cooperative arrangements on technical choice and income
distribution depends critically on the form of the cooperative—its objectives
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and resources. Empirically a range may be observed from associations of
members that have virtually no effect on resource allocation (for example,
marketing co-ops in parts of Africa) to the more ambitious units which
affect objectives and resource allocations radically (e.g., kibbutzim, com-
munes).'s Government policy needs to promote a structure of cooperative
arrangements that will lead to appropriate choices.

Rescurces

The price package asscciated with appropriate technology is well-known.!”
It consists of eliminating the subsidies on capital (tax allowances and artificially
low interest rates to the modern sector) and trying to eliminate those factors
which lead to high wage (osts in the modern sector, including social security
costs as well as the wages themselves. Exchange rate policies are also relevant;
overvalued exchange rates accompanied by high protection tends to reduce
the price of imported capital goods.

It should be noted that these policies—basically raising capital costs and
reducing wage costs—are all directed at the modern secter. For the rest
of the eccnomy, policies with the opposite effects are required. The informal
sector and the traditional sector in general require lower interest rates and
more access to capital. Distribution of credit is a major clement in policies
intended to change the composition cf units in favor of decision-makers
that make more appropriate technology choices. Through credit distribation,
investable resources can be directed towards the small-scale sector and away
from the large-scale sector.

Other aspects of resource pclicy are those related to the supply of
resources used in appropriate technologies. The human capital element is
important here, including policies towards training tc generate appropriate
skills. In some industries, supply problems with the skilled labour require-
ments of more appropriate technology are a significant reason why more
capital-intensive technologies are introduced.’® For capital, the promotion
of a capital goods industry producing appropriate technologies can be
important especially in areas where the international supply of appropriate
capital goods is deficient.

Markets

Markets are important with respect to scale and to type. As far as scale is
concerned, larger-scale production is almost invariably associated with more
capital-intensive techniques.! Decisions on scale depend on resource access
and markets. But markets play an independent role. Where markets are
localized (because, for example, transport costs are high) then small-scale
and labor-intensive techniques are often selected. Rural industry should be
encouraged rather than leaving rural consumers dependent on urban centres
for supplies.

The viability and dynamism of (dispersed) rural industry depends in part
on the dynamism of agriculture. Where agricultural incomes are rising fast,
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The international market usually requires a higher standard and more
capital-intensive product within any product market. But this can be offset
by selecting more labour-intensive products (tor example, textiles) as a
consequence of international trade. Trade among developing countries might
consist of more appropriate products (and production techniques) than trade
between North and South. However, while this is probable within any
product group, it might not apply to trade in manufactures as a whole.
While international trade policies affect markets, in both quantity and type,
their effects are complex and depend on specific policies and circumstances.??

Different organizations tend to serve—and even create—different markets,
Although each type of organization sometimes does serve each type of
market, there is a tendency for the following links between organizaticn
and market:

Organization Type of Market
Foreign-owned firms and joirt International markets
ventures Middle- and upper-income
markets locally
Public sector Middle- and upper-income
Large-scale private sector markets locally
Some international markets
Informal and traditional Low-income markets locally
sectors

Technology and Knowledge
about the Available Technological Choice

A major area for policy consists in promoting appropriate inforrnation
channels. The present system of information tends to be systematically
biased towards recently developed, advanced country technologies (through
salesmen, journals, etc.). Old appropriate technologies are rarely promoted.
Information channels are often weak and need improvement nationally and
internationally. Methods for so doing are fairly well known but there is a
bias against improved information in this area.’* As Pack pointed out, there
can be large private (as well as social) gains for firms that invest in acquiring
improved informaticn.

The second major area is research and devzlopment (R & D) into
appropriate technologies. In general, technical change originating in de-
veloping countries will tend to be more appropriate than technical change
originatin# in developed countries, since the local environment influences
the area of search as well as the results which will prove economically
efficient, as illustrated in figure 1.1.

Suppose R & D tends to be randoml: ‘ispersed in all directions around
the technology in use (roughly a Nelso. 1d Winter type strategy), then
for any initial technology (T) in diagram ¢ new research results will occur
within the circle shown. But the only ones that are taken up will be those
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which reduce costs compared with the existing technology—that is, those
below the budget line given by labour and capital costs. With developing
country (DC) costs (KK!), the area shaded with horizontal lines will represent
economically efficient new techniques. With less developed country (LDC)
costs (LL!Y), the vertically shaded area will represent the techniques that
will be developed. Hence techniques developed ir. DCs will tend to be
more capital-intcnsive than LDC-developed techniques. The difference is
much greater if each starts with a different technology, as in disgram B.
Here there is no overlapping in the new results. This suggests that the
direction of technical change will tend to become cnmulative, according to
the location of reszarch, since the initial difference.: in new technologies—
even after startiny, with the same technology as ir. diagram A—will tend
to lead to a different choice of technology and consequently to a different
starting point for technological developments in the next period.

In figure 3%, only the wenal capital/labour characteristics have been
illustrated. But the environment is much more complex than this and
includes the :vailability of different types of materials, labour of various
skills, products required and organizational units.

A major effort needs to be made to promote technical change in developing
countries, starting with a careful look at the analysis (see Lall, Katz, and
others) of what promotes and inhibits such change. Policies regarding the
import of technology, local R & D institutions, the promotion of relevant
skills, and local capital goods industries are relevant.

Sources of techuology—botl: as to information and the development of
new technology—have been heavily biased towards the modern sector, and
within the modern sector towards the relatively large scale. These biases
arise because in the main, R & D is carried out in developed countries
by larger-scale firms. The informal and traditional sector in developing
countries suffers from heavy technical neglect. The diagrams used in figure
1.1to illustrate how developed-country R & D tends to generate inappropriate
techniques for developing countries could also be used to show how
technology change initiated by large-scale enterprises in developing countries
would tend to generate results inappropriate for the small-scale and traditional
sector, as well as those for the modern sector in less developed countries.

VI. CONCLUSION

This brief discussion has attempted to identify and classify the main areas
in which we should look for macro-policies for appropriate technology. It
has not discussed the policies in any detail, nor has it considered whether
such policies would be realistic or effective in particular contexts. Detailed
research into comparative country experience with particular policies is
necessary to support detailed policy conclusions in each of the areas identified.
It is likely that this would lead to a typology of countries, with different
policies relevant for countries at differing stages of development and with
differing resources.
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The general discussion has underlined three conclusions. First, political
economy factors are significant and must be built into the analysis from
the start and not added as an aside at the end. Second, cumulative forces—
political, economic and technical—need to be taken into account because
current options may be severely limited by past decisions. Third, changing
what we have called “the composition of units” (the proportion of investment
decisions in the control of different types of units) can be significant for
every variable (objectives, resources, markets and technology) and might be
one of the most effective ways of promoting appropriate technology. The
dynamics of technology choice need underlining. Since countries are chang-
ing, creating resources (for investment in physical capital and human skills),
the choice of technique must fit in with this dynamism of the economies,
and not simply consist of a static resource allocation exercise. Moreover,
technology too is changing at a rapid rate, especially in some industries,
rendering many technologies obsolete. The implication of rapid technology
change emanating from developed countries also needs to be taken into
account in determining policies for appropriate technclogy.

NOTES

1. Leibenstein, while accepting this definition of “micro-level” has recently identified
a teed for a “micro-micro” econoriics, exploring how decision-making takes place
within the decision-making unit. This too is an important area for those interested
in appropriate technology, and one that has already been approached in discussions
of “engineering” and “economic” man’s relative influence within the firm. See Pickett,
et al, and Wells. This is not further explored here.

2. See, for example, Morawetz, Stewart, 1977, chapter three, and Cooper.

3. Morawetz, p. 517. An almost identical definition is adopted by Westphal.

4. See, e.g, Schumacher, Stewart, 1977, and the many references in Singh.

3. In Robinson; see also Singh, who provides a much fuller discussion of the
various characteristics that have been zssociated with appropriate technology.

6. This is not the place to summarize the substantial discussion on the issues
of social cost-benefir analysis. See Stewart, 1975, and the special issue of World
Development, edited by G.A. Amin and JD. MacAxthur, February, 1978.

7. Strictly, the introduction of “social efficiency” considerations would rule this
out, where “social” values were elucidated with Tespect to actual government objectives.
However, to avoid ambiguity it is preferable not to eliminate conflicts in this way,
Instead, it is assumed that social efficiency is measured with reference to appropriate
technology objectives. The use of the term “governrrent objectives” is ambiguous.
In fact there are no “government objectives” per se but rather various objectives
belonging to various elements in the governments. Moreover, there is no good way
of ascertaining precisely (and sometimes at all) what these objectives are,

8. See Perkins.

9. Galtung, p. 133,

10. I have taken a similar view, although I expressed it somewkat differently (see
Stewart, 1977, chapter twelve).

11. See, e.g., Ranis, 1973,

12. Formally impossible; see Arrow.
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13. See Binswanger’s survey.

14. This happened with respect to refined maize milling in Kenya, for which
there was no market until one was “created,” but where strong demand subsequently
developed. See Stewart, 1977, chapter nine.

15. See, e.g., Sobhan, Kumar, Perkins.

16. See Stewart, ed., 1983,

17. See, e.g., Acharya and Eckaus.

18. This applies to many craft industries, for example.

19. See, e.g., evidence contained in Forsyth, McBain and Solomon.

20. See Ranis, 1983.

21. Sigurdson.

22. See James and Stewart,

23. There is some evidence that trade in technology between developing countries
is more appropriate than North-South trade (see, e.g., Lecraw), but the limited
evidence is ambiguous on trade in general {(see Amsden).

24. See Bhalla, ed.
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Costs and Benefits Matrix

(a) (b) (c) @l (el
Group land credit price banning banning
Affected redistri- redistri~ changes tractors tractor
bution bution imports
Large -100 ~20 =10 -5 -2
landowners
Small + 50 +20 +5 0 0
landowners
Landless + 70 +20 +20 +20 +5
labourers
Local - 30 -30 =30 =50 +40
tractor
producers
Foreign - 30 =30 -30 ~50 -50
tractor
producers
Figure 1.1 R & D and technical change
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Technology Choice in Agriculture
in India over the Past Three Decades

Ashok Rudra

L. INTRODUCTION

Our argument in this chapter will be that India started its development
efforts in the post-independence period with a more or less correct approach
towards the problem of technological choice in agriculture, based on a
balanced assessment of the requirements of growth and equity; however,
in the following decades, the technology policy changed to incorporate
more and more inappropriate techniques of production. It will be seen that
even though Indian agriculture is prz-eminently private, consisting of
hundreds of millions of individual cultivators, government policy has had
a decisive role in shaping the technological basis of Indian agriculture. This
policy has been, to a very large extent, a direct result of Western influence,
especially that of the United States,

This chapter will not be coacerned with conceptual finesses of what
constitutes appropriateness of technology. Wher. we say that the technological
choice has become increasingly inappropriate, we mean that other choices
could have been made that would have resulted in greater distributional
justice, more labour employment, greater use of local rescurces, more
participation by local people, less dependence on imports, less foreign
influence, and all these probably with more output.

The chapter is structured as follows: section II presents the technological
scenario as it has gradually emerged and promises to become more firmly
set in the future. Section III traces the evolution of state policy towards
the protlem, from the immediate pre-independence period until today. The
following three sections evaluate this technological choice in terms of its
effects on production, distribution and employment. The subsequent three
sections consider in detail the major industrial inputs which constitute the
pillurs of the New Agriculture—namely, chemical fertilizers and pesticides,
irrigation and agricultural machinery. We will not only consider their impact
on the agricultural sector but will also look at the industrial interests,
domestic and foreign, that have influenced policics with regard to them,

22
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II. THE EMERGING TECHNMOLOGICAL SCENE

For about the first two decades after India's independence one could hardly
discern a clear pattern in the technological horizon of the country’s
agriculture. The traditional pattern was no doubt giving way, but what was
taking its place remained blurred. However, in the mid-1960s the mist
started to clear.

From that time, Indian agriculture has been marked by a strong duality
technologically, and this duality will continue. The bulk of agriculture will
retain its base in the traditional technology represented by a combination
of human labour, bullock labour and cow-dung manure; but there will be
within it increasing islands of modern agriculture based on chemical fertilizers,
pesticides, powered irrigation and indiscriminate use of farm machinery.
The alternative strategy—which is not being followed—would consist of a
judicious retention of some of the traditional means of production and farm
practices with a discriminating application of science and technology to
improve them alongside the new means of production.

Thus, efforts at mobilising various kinds of orgaric manures have been
all buc given up. Canal water continues to be wasted because of the
inadequacy of feeder channels and the absence of suitable institutional
arrangements for the efficient and equitable distribution of water. The shift
towards minor irrigation has been largely a shift to privately owned and
energised tubewell irrigation without any research being made for tapping
non-conventional groundwater and surface water. While farm rechanisation
has gone ahead in an irdiscriminate manner with imported models of
tractors, power tillers and other accessories, there have been few improve-
ments made to the traditicnal implements.

In quantitative and comparative terms the use of modern inputs is still
quite insignificant, as may be secn from tables 2.1 and 2.2. But what is
important is the rate at which the increase is taking place in this enclave.
As can be seen in table 2.3, there has not been any marked increase in
the quantities of traditional inputs.

Two points relating to modern agriculture in India need emphasis. First,
the technology that constitutes its basis, which has come to be called new
technology, is not restricted to chemical and biological innovations, as has
often been claimed by its protagonists, but incorporates mechanisation as
an integral part. It is erroneous to describe the “New Strategy” as a seed-
fertilizer-water intensive strategy as is often done because there cannot be
any strategy for the growth of agriculture which does not incorporate greater
and more efficient uses of improved seeds, plant nutrients and controlled
water supply. It is a particular way of combining these basic inputs and
machinery that constitutes the newness of this so-called New Strategy.

Second, it is utter nonsense to say that this technology is scale neutral.
The technology is patently biased in favour of larger holdings in two senses:
th: agricultural machinery that has been introduced requires larger areas
foi its efficient utilisation, and all the inpuss, whether mechanical, chemical,
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or biological, are extremely costly so that only the richer farmers can afford
to make adequate use of them.'

III. EVOLUTION OF TECHNOLOGY POLICY:
AN HISTORICAL SKETCH

It is convenient to divide the period under consideration into three phases.
The first phase begins in 1949 with the publication of the report of the
Congress Agrarian Reforms Committee (CARC, 1949) and continues until
1959. The second phase begins with the publication in 1959 of a famous
report by a team of experts from the Ford Foundation and continues until
1966-67, which is usually recognised as the beginning of the so-called Green
Revolution. The third phase continues until today. The second phase marked
a drastic reversal of the policy priorities pursued in the first phase. There
was no such reversal with the Green Revolution. The strategy associated
with this hackneyed expression is nothing but the consummation of the
approach adopted in the second phase.

The balanced approach to the problem of technology in agriculture that
prevailed among the leaders of pre-independence India is best reflected in
the report of the Cong - Party, referred to above. It took a categorical
stand on mechanisation— We do not favour in general mechanisation of
agriculiural operations”—and qualified its stand only with the following
proviso: “Large-scale mechanisation [is] to be restricted to collectivised
agriculture on culturable wastes.” It supported “every effort to improve the
implements used in agriculture” and gave concrete suggestions, for instance,
for “inverting ploughs for green manuring, which can be easily drawn by
bullocks of an average size, [and for] seed drills and hand-operated fans for
winnowing.”

As to high-yielding seeds, the report did not wait for Dr. Borlaug, the
so-called father of the miracle wheat, to recommend that “large-scale efforts
should be made to produce pedigree seeds.” However, the Congress Party
report differed drastically from Dr. Borlaug’s philosophy insofar as plant
nutrients are concerned. It recommended the use of green manure, farmyard
manure, oil cakes, bone-meal, and even night soil; chemical fertilizers were
only mentioned. In relation to irrigacion, the report anticipatad the later
strategists by calling for efforts for minor irrigation works to supplement
the major ones.

These emphases remained unchanged in the first two five-year plans,
which spanned the remaining period of the first phase. The second plan
has been rightly criticised for not saying much about agriculture. This only
meant that it endorsed the approach articulated by the first plan. The most
important statements in the plan relate to the institutional counterpart to
the technological approach of the first phase.

This counterpart consisted of the Community Developinent Programme,
whose underlying philosophy briefly stated: “All aspects of rural life are
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interrelated and . . . no lasting results can be achieved if individual aspects
of it are dealt with in isolation” (Plan: Aing Commission, 1952). Blocks, each
a cluster of about one hundred villages, were treated as the basic units for
developrent efforts comprehending different economic and social activities
from agriculture to industry, from health to education, from housing to
transport and communications. The efforts were to be based as much as
possible on local resources under local management, in the form of “direct
contributions of labour by farmers themselves” (Planning Commission, 1952).

On plant nutrients, the first plan took a more balanced and positive
view in words such as, “We do not consider that it is necessary to wait
for such full mobilisation before introducing chemical fertilizers. The two
processes should and can go on simultaneously. Both these types of manure
are necessary for maintaining and increasing soil fertility”

On the irrigation front, the second plan marked the beginning of the
shift of emphasis from canals to tubewells. On mechanisation, the stand
until the end of this first phase was, “In agriculture, except under certain
conditions, in the present stage of development the possible advantages of
mechanisation may be more than offset by the social cost of unemployment
that such mechanisation will involve” (Planning Commission, 1956).

The drastic change in approach that marks the second phase is not
reflected in the third plan. It was not until the fourth plan that the adoption
of the New Strategy was announced—already a fait accompli in a weak
form since 1959 and consummated in 1966-67, a few years prior to the
launching of the fourth plan in 19:59-70.

The new actor on the scenz was the new type of high-yielding wheat
and rice seeds; drastic breakthroughs in the development of these seeds
were recorded in the mid-1960s. The role of chemical fertilizers was
emphasized as if it were a new discovery, significantly underplaying the role
of organic manures. Other integral parts of thc policy package were the
emphasis on water management with “integrated use of ground and surface
water,” which meant a shift of emphasis from public canal irrigation to
private tubewell irrigation; emphasis on multiple cropping involving short-
duration crops; proposals for setting up supportive institutions for the
distribution of fertilizers and credit; and abandonment of reliance on
indigenous materials and local initiative. But the policy still remained shy
of mechanisation.

This inhibition was overcome in the fifth plan, which urged selective
farm mechanisation, recognizing that an absolue shortage of farm power
would inevitably develop if animal power alone were relied upon. Since
then there have been no further policy shifts in the successive plans.
Selective opening to mechanisation has meant indiscriminate proliferation
of all kinds of farm machinery, with the sole exception of harvest combines,
which have been frowned upon. Thus, in every aspect—nutrients, water,
seed or power—there has been an increasing reliance on industries.

The story above, based on the plan documents, misses some essential
facts. These documents constitute the most important source for development
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policics adopted and pursued by the Indian government. But technology
policy in agriculture has hardly been a matter for the government of India
to decide on alone. Incredible as it may sound, these decisions have throughout
been taken by certain external agencies, and it was left to the government
of India to acquiesce to them, with different degrees of reluctance and
delay. As such, the account reads a bit like Hamlet without the Prince of
Denmark., We shall briefly correct the record by bringing in that chief
actor to clarify the policy shifts.

The philosophy of overall general development underlving the Community
Development Programme (CDP) was also inspired by the United States—
the model for the programme was the latter’s extension services. From the
very beginning the CDP was financed largely by the U.S. government and
such agencies as the Ford Foundation and the Rockefeller Foundation. U.S.
experts participated in various activities, including the training courses for
the stafi of che programme. The programme was divided into cight parts
dealing with areas from agriculture to social welfare, and for each part there
was a U.S.-sponsored supporting project. For instance, there was an operations
agreement for the acquisition and distribution of fertilizers, another op-
erational agreement for the acquisition and distribution of iron and steel
for agricultural purposes and yet another operational agreement for ground-
water irrigation. The minister for community development wrote in 1957
about a U.S. expert: “There has hardly been a kasic decision taken on the
implementation of this programme in which Dr. Ensminger’s observations
as an advisor and bis views as one identified with this programme have
not m dJe some significant contribution.” This occurs in the foreword written
b7 the minister for a basic manual for a training course called “A Guide
tc Community Development,” which was written by Dr. Ensminger. This
is an indication of the degree to which US. expetts acted not only as
advisors but as leaders of the programme.

It is therefore not surprising that subsequent policy shifts were triggered
by reports made by one team after another of U.S. experts. Within a year
of launching the programme, a report by the United States Technical
Committee (1953) questioned the adequacy of the approach of thinly
distributing availatle resources and knowledge of the existing techniology
among all villages and villagers and recommended that a part of the CDP
funds be reallocated to research and training in the agricultural sciences.
This shift from a general welfare oriented approach o a technocratic one,
aimed narrowly at crop production, was reiterated in 1955 by a joint Indo-
American team on agricultural research and education. The team recom-
mended that agricultural prograrames be run by career professicnals of
agronomy and that these professionals be graduates of agricultural universities
similar to the U.S. federal-state land grant universities. While the governm.-t
of India began to set up such agricultural universities and to bring together
under a single administrative control all programmes relating to agriculture,
as suggested by the Nalagarh report (Ministry of Food and Agriculture,
1958), the Ford Foundation set up an expert team which made history by



Technology Choice in Agriculture in India 27

its “Report on India’s Food Crisis and Steps to Meet It” (Ministry of Food
and Agriculture, 1959). It is this report that led to the formation of the
New Strategy, adopted initially in the form of the Intensive Agriculture
Districts Programme (IADP), later giving place to the so-called Green
Revoiution Strategy in the mid-1960s. The Ford Foundatior. not only
provided the general idea but also presented a concrete prograreme in the
form of yet another expert team report that followed shortly: “Suggestions
for 10-point Program to Increase Food Production.” In 1960 the 10-point
programme was formally adopted in a memorandum of agreement between
the government of India and the Ford Foundztion.

While the parentage of the IADP and the Green Revolution is clear,
the central thrust of these reports is not easily seen in the summary
statements of the recommendations mace in them. This thrust expresses
itself best in the phrase, “the package principle”—a phrase that was much
in use in offical writings of that time and one that encapsulates the entire
philosophy behind the strategy. The philosophy is not that seed, fertilizer,
water, pesticide, and so on are to be combined in a package in their
application, but that anything else, for example, fertlizer without water or
pesticide withont seed, would hardly make sense. The idea was to apply
the inputs in a combination of their maximising doses, which meant allocating
the development resources, material and financial, in a highly concentrated
and selective manner. Selectivity was to be applied at all levels—regions,
crops, farmers, etc. This meant that resources were to be allocated in a
selective and concentrated fashion to such regions, and within them to
such crops, and with respect to them, to such farmers, which promised to
make maximum use of resources. This amounted to pouring funds on
regions that were already well-endcwed, on crops already profitable and on
farmers already rich.

The inequality aggravating implications of the strategy were sc glaring,
but the policy reversal did not take place as a simple walk-over; there was
a grezt deal of struggle between different personalities and factions within
the government that supported and opposed the approach. A good account
is  und in a book by C. Subramaniam (1979), a cabinet minister in the
1960s. He played a crucial role in making the government adopt the New
Strategy policy behind the back of the planning commission, which for
him was “a bottleneck that had to be by-passed.”

We have stressed that there was nothing new in the search for new
seeds. That is not to deny the importance of the break-through in seed
innovation that took place in the mid-1960s as a world phenomenon.
Developments in India would have been different if the government had
not imported in 1965 two hundred tonnes of a Mexican wheat variety that
had been newly innovated by a Rockefeller Foundation research team and
then imported another eighteen thousand tonnes the next year, made
possible by foreign exchange also provided by the Rockefeller Foundation.

Thus a policy that started its carcer right after independe :e with the
philosophy of all-around and self-reliant development of the ru.al community
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was transformed into one narrowly focussing on production alone, con-
centrated in regions, crops and among rich farmers and depending exclusively
on purchased inputs from distant and sophisticated large-scale industries.

IV. GROWTH OF CROP PRODUCTION

Maximum grow:h of production was the sole objective of the new strategy;
neither employment nor equality were considered as objectives. Thus,
Ladejinski (1973) wrote, “the aim of the Green Revolution as envisioned
by policy makers is productivity; social imperatives were not part of it.”
Although we shall argue that from the point of view of employment and
distributional cffects, the technological choice has been far from socially
beneficial, in this section we shall assess the performance by the criterion
of maximising production.

As far as agricultural production for the country as a whole is concerned,
it is by now widely accepted that during the entire period since independence,
growth hes followed a smooth trend despite all the ups and downs caused
by hazards of the monscon or other cyclical factors. This is an extremely
remarkable fact. First, there is no reason why any natural growth of
agricultural production should follow a smooth trend represented by a
simple mathematical furction: in statistical time-series analysis, one often
applies such methuds as that of the moving averages and obtains so-called
trend lines which reveal no regular pattern whatsoever. It is all the more
remarkable that the trend that one obtains now with data available for
more than thirty years is not different from the fit with data for only the
first fifteen or twenty years. That is, whether one considers a period preceding
the so-called Grecn Revolution or one following it or one spanning both,
one seems to end up with the same fitted trend curve.

This has important implications for the question of whether there has
been a “Green Revolution” in the country. The answer to the question is
no, if one thinks of the country as a whole and agriculture as whole and
if by revolution one means “a sharp break from the situation that existed
before the revolution” (Ladejinski, 1973). There is lack of agreement among
experts as to whether this trend in agricultural growth is one of a constant
rate of growth or of a diminishing rate of growth. None of the trend fitting
exercises can be read as implying an increasing rate of growth. However,
there have been differences in opinion as represented by the following two
positions: (1) “Output (and yield per unit area) of food crops and all crops
grew more or less uniformly over the entire period with no evidence of
either acceleration or deceleration since 1567-68" (Srinivasan, 1979), and (2)
“The average annual grovith rate between 1950-51 to 1954-55 and 1960-61
to 1964-65 was over 3 percent in the aggregate. . . . In the subsequent
decade, ending 1970-71 to 1974-75, the growth of crop cutput was aronnd
2.1 percent” (Vaidyanathan, 1977). Given that the population seems ta be
growing at a rate of 2.4 percent per year, the first view suggests a growt
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which just manages to maintain per capita consumption production. But
the second view suggests an alarming decline. This is a problem on which
many others, including the writer, have carried out extensive and careful
exercises and concluded that there is no means of discriminating, by purely
statistical means, between a constant rate trend and a decelerating trend.
(Interested readers may consult Rudra (1970), Dey (1975), Srinivasan (1979)
and Chaudhuri (1980).)

We shall, for our present argument, accept the interpretation that the
rate of growth has remained constant—our latest figures are 2.58 percent
per year for agricultural production and 2.56 percent per year for food
grains (figures 2.1 and 2.2). The significance of these rates can be appreciated
if one considers that the rate of growth of agriculture in the fifty years
preceding the country’s independence was a mere half percent per year.
Also, when compared internationally, the record is not to be minimised.?
But given that the trend has been continuous from the beginning of the
1950s, could this performance be credited to the New Strategy, which, as
we saw, picked up momenium only by the mid-1960s? To answer this
question it may be recalled that unti! the mid-1960s growth of production
had been mainly based on extending the area under cultivation. No further
extension was possible after that, and the production increase since then
nas been due to an increase in hectare yield. The New Strategy can therefore
be given credit for increasing the per hectare yield so as to maintain the
overall trend in the rate of growth.

It is no small achievement that the country has, from the mid-1970s,
become uelf sufficient in food-grains—a national objective that has always
received a high priority.3 Not only is India no longer dependent on imports
for current consumption, but it has built up a considerable buffer stock,
and the spectre of famine, it is claimed, has finally been laid to rest.

The phenomenon of production growth has not been uniform for all
crops and all regions. It is now accepted that there have been some extensive
changes in the production conditions in some regions for certain crops.t
The most cited example is that of wheat in the regions of Punjab, Haryana
and Western U.P. (Uttar Pradesh). Figures 2.3 and 2.4 show that there have
been sharp breaks in the trends of production of this crop in these regions:
from less than 3 percent up to the end of the 1950s the rate jumped to
7.28 and 9.88 percent in U.P. and Punjab-Haryana, respectively.” There was
a simitar upward shift in rice production in Punjab-Haryana though such
a shift did not take place in the principal rice growing areas (figure 2.5).
Such sharp breaks may be qualified as revolutionary. If there have been
such upward shifts in the growth rates of certain crops in certain regions,
but not for all crops in all regions, it follows that there must have been
sorne regions and some crops for which there have been downward shifts.
This means that the New Strategy has affected regions and crops selectively
and has increased regional disparity. Those crops and regions not affected
have recorded stagnation or even decline, while other crops in other regions
have been given such a push upwards that they have made up for the
shortfalls in other areas and otker crops.
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will remain self-reljant in agricultural procucts, especially food grains, Many
hold the pessimistic view that the new technology has already exhausted

of the new seeds and an alleged slowing down of the rate of growth of
demand for fertilizers are two signais which have raised such alarms. Indirect
evidence that has been used is the extremely low inter-farm variation in
the adoption of the new technology in Punjab.

We shall now consider the argument that production could have grown
even more if a different strategy had been followed. This alternative strategy
would have distributed the production-augmenting inputs among more

farmers with a lower intensity. The New Strategy is based on the idea that

optimum is different from the results obtoined by aggregating individual
optima has been elaborately demonstrated for rtilizer use, as we shall see
in the following section.

V. AGGRAVATION OF INEQUALITY

It is accepted by all concerned that the new technology has aggravated the
already acute inequality of distribution of income and weaith among the

agricultural population and comparing it over time are extremely difficult
tasks. It is even more difficult to decide what part of the increases in
inequality can be ascribed to the introduction of the new technology and
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3. These two factors are further accentuated by the fact that bigger
farmers enjoy greater access to institutional credit and other production-
augmenting facilities provided by the government.®

4. While seed, water, and fertilizers are indeed divisible and size-neutral,
tractors, tubewells and most other machinery require minimum farm
sizes to be used with maximum benefit.

5. The new technology yields a higher rate of return to capital investment
than the traditional technology.

6. Yield per hectare under the new technology increases with farm size.!®

7. The above factors working together generate more income among
bigger farmers than among stnaller ones.

8. More income among big farmers generates more savings among them.
This leads to a cycle of larger income-larger savings-larger capital
investments and yet larger income among the big farmers.

9. All that has been said above refers only to owners of land. There
are, however, the totally landluss, and the polarisation between the
landless and the big farmers is yet another dimension of the phe-
nomenon.!!

It follows, therefore, that both income and wealth would become more
unequally distributed with time.

Data on the income of farmers are scarce, and data on savings and
capital formation are not very reliable. But one can see with one’s naked
eye the piling up of farm machinery in a concentrated manner in the bigger
farms and the much greater use by them of expensive irputs, like fertilizers,
pesticides, and so forth. This unequal accumulation of fixed and working
capital must indicate a correspondingly larger income generation among the
bigger {armers. A recent study (Chopra, 1984) showed that after land, the
next most important factor contributing to the unequal distribution of farm
assets (including land) is modern machinery and implements, and it is
precisely these items that are concentrated in the bigger farms.

The findings of some of the more important empirical investigations
support the a priori reasoning. According to a Reserve Bank of India survey
(RBI, 1965, and RBI, 1975), the Gini coefficient of concentrations of assets
among cultivating families in the rural areas increased tetween 1961 and
1971 from 0.59 to 0.62. According to another survey (NCAER, 1972), the
same coefficient for household income in rural areas increased from 0.41
to 0.46 in the brief period from 1962 to 1968. The distribution of land
among the rural population (including landless people) has remained more
or less unchanged—the NSS 17th Round (for 1961) yields a Cini coefficient
of 0.72 and the NSS 26th Round (for 1971) shows it to be 0.71.

Then there are the so-called poverty calculations, which are calculations
relating to the proportion of people below a certain poverty line, understood
as a level of living below which the basic requirements of subsistence are
not met. The results of different poverty calculations carried out by different
research workers are not consistent with each other. There ate some who
find that the proportion below the poverty line is increasing (for exarnple,
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Bardhan, 1974). There are others (for example, Ahluwahlia, 1977) for whom
the proportion below the poverty line does not show any clear trend, being
subject to fluctuations caused by such variables as prices, per capita output,
and so on. There are, however, no studies that show a systematic decrease
of the proportion below the poverty line. Given that average rural income
has risen in real terms, this alone is a quantitative indication of an increase
in income inequality.

The changes in the heartland of the Green Revolution have been much
more acute. A survey (Rudra, 1969) ccnducted in 1968 found that from
1955-56 to 1967-68 bigger farmers (those owning more than 20 acres of
land) had increased their land ownership through purchases by about 10
percent, and farmers having between 100 and 150 acres of '+nd had done
so by nearly 40 percent. According to Kahlon and Singh (1973), large farmers
increased their land ownership by 15 percent in the four years from 1967-
68 to 1971-72. During the same period, small farmers lost land by 38 percent.
Inequality increase is, however, much more important for assets other than
land. For assets other than land, the same investigators found that inequality
of distribution increased in the manner shown in table 2.4,

The aggravation of inequality discussed abov:. cannot be ascribed entirely
to the adoption of the new technology. It is difficult to sort out rhe effects
of the new technology from those of other contributory factors. Frankel
(1971) estimated the direct effects of the new technology in Ludhiana, one
of the heartlands of the Green Revwolution, calculating that about 80 percent
of the farmers shared in its benefits, even if unequally; in the country as
a whole the proportions were exactly the reverse.

One aspect of inequality aggravation by the new technology was a change
in agrarian relations. This relates to tenancy. Since the new technology is
highly profitable, there has been a widespread tender:cy among landowners
to evict tenants and resume cultivation under their own supervision and
with the help of hired labourers. This has meant increasing misery of poor
peasants and aggrandizement of big landowners. According to some authors
(for example, Frankel, 1971), these evictions and rising land rents have
caused not only a relative worsening of the lot of poor peasants but even
an absolute deterioration.

Alongside evictions, two other developments affected poor land-owning
peasants. Some of them have found it more vrofitable to lease out their
tiny bits of land to bigger landowners than to cultivate them themselves,
giving rise to what has been called the phenomenon of reverse tenancy.
The other phenomenon is that of poor peasants selling land to rich farmers.
The extent to which the latter has taken place is a matter on which there
is little concrete evidence. It is generally held that this has not been an
important part of the agrarian transformation that is taking place in the
country.

V1. EMPLOYMENT EFFECT

The employment effect of the new technology is a subject on which there
been, on the one hand, many empirical studies, and on the other, an
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absence of agreed conclusions. The ambiguity 1elates chiefly to the effect
of mechanisation on employment. There are not many differences of opinion
about the eraployment effect of the seed-fertilizer-water part of the technology
packet. It is widely agreed that these inputs augment employment. More
irrigation obviously calls for more labour for digging, bunding, and so forth.
More fertilizer application also means greater labour requirements. The
high-yielding variety (HYV) seeds require more labour by calling for more
tending, more weeding, and such improved practices as row-sowing, seed
treatment, and so on, and by making possible a higher intensity of cropping
by shortening the durations of crop seasons.** Increased production, whether
due to seed, fertilizer, or water, increases employment during the harvest
season.

The type of labour used also seems to be affected by the new technology.
There is a shift from family labour to hired labour, which is not surprising
given that farmers who can afford the new technology belong to the upper
brackets and may therefore be expected to have a higher preference for
leisure. There seems to be some effect on the ermployment of farm servants,
but its nature is somewhat ambiguous.?

But the employment gains due to biochemical inputs are drastically
curtailed by the negative effects of mechanisation. Once again, there is no
difference of opinion about the labour-displacing effacts of farm machinery,
when specific operations are considered in isolation. Therc is also no
difference of opinion about threshers and harvest combines being much
more labour displacing than tractors.! Differences arise when one attempts
to evaluate the net effect on farming as a whole. Those who support and
advocate mechanisation point at indirect employment generation of the
following kinds:

1. Higher employnent generated by manual operations made possible by
deeper tillage

2. Employment generated by higher intensity of cropping made possible
by the speeding-up effect of mechanisation on certain operations for
individual crops!s

3. Higher employment made possible by energised irrigation

4. Higher employment resulting from crop production on land released
from fodder cultivaticn's

5. Employment generated through expansion of facilities for storage,
transport, and so forth

6. Employment generated outside agriculture by the maintenance and
up-keep of farm machinery and in ancillary industries!?

Even if all these effects do take place, whether the indirect employment
generation fully compensates for the direct labour displacement remains an
open question. Some of the dissenting views have been referred to in notes
15, 16, and 17. A different argument is that the net loss due to mechanisation
is more than compensated for by additional employment generated by the
seed-fertilizer-water combination. While this argument is repeated endlessly
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by advocates of the new technology, there is important evidence against
it.18

Another effect on employment which is socially positive and not subject
to any controversy is an evening-out of labour demand over the seasons.
This stands in contrast to the traditional pattern of labour demand, which
is concentrated in a number of peak periods.

An important point often lost sight of is that the labour absorption due
to the seed-fertilizer-water technology is subject to a certain ceiling that
has already been reached in areas where adoption of the new variety and
the associated technology has reached near saturation.!” This ceiling will
be raised only if there is another breakthrough in seed technology. On the
other hand the decrease in employment due to mechanisation may be
expected to continue indefinitely given that mechanisation has only just
begun and there is a continuous process of innovations in the sector.

VII. THE FERTILIZER POLICY

The policy of the Indian government towards scil nutrients since the
beginning of the 1960s has been one of vast and continuous exparision of
the use of chemical fertilizers by all possible means. All the policy instruments
in the hands of the government ‘for example, import control, industrial
licensing policy, fiscal policy, price control policy, and so on) have been
applied in a concerted manner to achieve this aim. The numkers involved
are all impressively large, as is shown in table 2.5 and figure 2.6. Censumption
of nitrogen, phosphate and potash has grown at rates between 15 and 20
percent per annum over the last three decades.?’ Domestic production of
nitrogen and phosphate has also grown at about 16 percent per year. The
capacity for production of nitrogen has grown at an even faster rate, nearly
22 percent per annum. Even though there has been considerable import
substitution, imports have grown a: an equally high rate.! Raw materials
for the industry have also grown but at a slightly lower rate, both in the
domestic and the import sectors.? Investment in the industry by mid-1983-
84 amounted to more than Rs. 40,000 millions, which can be compared
with the book value of investments of about Rs. 160,000 millions in public
sector industries up to 1979.

This phenomenal rise took place when costs of production were also
growing at fantastic rates, largely due to the dependence of industry on
the oil industry for feedstocks as well as transportation (table 2.7). Prices
of capital goods in the industry have increased in the world market at even
higher rates. As a result, investment per ton of nitrogen became four times
raore expensive from 1969 to 1984.

‘This growth could have been satisfactory if it were part of an overall
mobilisation of all kinds of plant nutrients. There has, however, been no
noticeable effort for the maximum mobilisation of organic manure resources
even though, according to an FAO report, “everywhere in .ne world the
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best yields from all the crops are achieved by appropriate combinations of
organic and mineral fertilizers” (FAO, 1976). This wisdom has not yet been
challenged by anyone. In India and in the world, there was at one time
much appreciation of the potential contribution to agricultural growth from
large-scale efforts at the efficient utilisation of plant nutrients from animal
wastes, human wastes, industrial wastes, crop residues, legumes and other
green manures, and augmenting them with the help of bacterial fertilizers,
algae fertilizers and different soil amendments.?? The Food and Agriculture
Organisation published two comprehensive reports (FAO, 1962 and FAQ,
1976) which gathered much useful information from agronomists on practices
in different countries for the benefit of policy makers in developing countries.
The Indian government also published several reports (for example, PEQ,
1967; National Commission on Agriculture, 1976(b)) which made similar
suggestions and recommendations. In addition, in the earlier days of its
development efforts, the Indian government took the trouble of sending
expert delegations to China and Japan to learn about improved methods
of cultivation which relied more on lubour intensive production techniques
than on heavy inputs of capital (Ministry of Food and Agriculture, 1956(a);
1956(b)).

These reports contained useful information from many countries; for
example, about composts, which provided more than 40 percent of nitrogen,
phosphate and potash in Japan in 1946; the large-scale use of night-soil in
China; the use of sewage irrigation in Germany and Edinburgh, and so
on. One also learned about methods of processing and making use of
different organic matters with data relating to their nutrient contents, relative
importance, and so forth.”* There is without doubt a large potential of
nutrient resources which has been left unutilized.? This is true not only
in India but in most developing countries.

There was a serious imbalance in emphasising chemical fertilizers to the
neglect of organic manures, and also in the recommended pattern of fertilizer
use. Thus, as is known, the standard recommendation is to apply fertilizers
in extremely high doses to high-yielding varieties grown on irrigated soils.
The combination of irrigation, HYV and high doses of fertilizers constitutes
the very heart of the new technology. But even on purely productivity
considerations the rationale of this combination has been seriously challenged.
It has been leld that for the best results for the country as a whole,
“fertilizers need not necessarily be concentrated either on irrigated land or
on HYV’s” (Parikh, 1978). The positive recommendation made is to distribute
fertilizers thinly over land, irrespective of irrigation and HYV. It has further
been held that “a cultivator may be able to get a large yield from high-
yielding variety even without applying fertilizer.” This is not just an extreme
viewpoint. These conclusions have been arrived at from extensive analysis
of fertilizer response data by a team of highly competent researchers.2

This leads one to wonder if the path adopted could have come about
just as a matter of course, without any forces pushing the country away
from the path of balanced development of organic and inorganic resources
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to that of exclusive reliance on inorganic fertilizers. In French there is a
saying, “Cherchez la femme.” The male chauvinist idea is that if there is
an intriguing problem defying immediate explanation, look out for the
woman at the root of all the trouble. It does not take much research to
discover the powerful interests that stand to lose from the developing
countries relyi:.; more on organic manures.

To start with, consider the following facts about the fertilizer industry
on a global level and the policies pursued by powerful international agencies
towards fertilizer:

* More than 80 percent of exports of nitrogen, phosphate, potash and
phosphate rock are made by a handful of developed countries, dominated
by the United States, Japan, the USSR and Canada. The industries in
these countries are hig| ly oligopolistic. Demand and supply of some of the
products are price inel stic (Desai, 1982). Export prices have often been
found to be lower than domestic prices. Multinationals in the industry are
known to insert clauses in collaboration agreements banning direct as well
as indirect dissimulatioa and adaptation of technology (Menon, 1980).

* Much fertilizer impo,ted by India (for instance, about 85 percent in
the late 1960s) is financed by tied aid from aid-giving countries of the West,
mainly the United States. According to a study by Kahnert (1971) this has
sometimes meant that India had to pay twice as much for importing materials
from the United States than for importing similar materials from the Gulf
countries (if permitted), with transportation other than US. flag ships.??

* Much of the aid for agriculture finances fertilizer imports and the
establishment of fertilizer plants.2?

* The fertilizer industry is highly capital-intensive with a high import
content—about 60 percent in India.

* The fertilizer industry is the most important industry receiving support
from the World Bank—its share in the total loans given to the industrial
sector all over the world until June 1978 was 27 percent.

* It has been estimated that projects in India financed by the World
Bank have at least 25 percent more foreign exchange content than other
projects. As a precondition for receiving World Bank support, the projects
have to be larger in scale than the national average.

We now turn our attention to the government of India’s policies towards
this industry.

* Even though the Indian government’s Industrial Policy Revolution
earmarks the fertilizer industry as one in which the public sector plays the
leading role, the private sector has been allowed to increase its share from
less than 15 percent in 1960-61 to about one-third in 1979,

* Foreign capital has been allowed to have majority participation, which
goes against the established practice of the government.

* The government intervenes in the market for fertilizers to support a
combination of a higher cost of production and lower prices for consumers,
mostly big farmers. This is done by price controls and subsidies. While
the cost of production varies enormously from unit to unit—the highest
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being double that of the lowest——a uniform retail price is maintained for
the consumer in all parts of the country (that is, irrespective of production
and transport costs). Each plant is paid a retention price that covers its
cost of production, however high. The trend is for plants to be set up
with higher and higher costs of production. This has led to a huge escalation
of subsidies.”® An important point to note is that the minimum prices of
crops have also been controlled by the goverrment, making the ratio of
crop price to fertilizer price increasingly favourable to farmers.®

We may now look at some of the pertinent features of the domestic
fertilizer industry.

* The growing importance of the private sector has gone along with a
growing influence of Indian big business and its multinational collaborators.
The foreign countries figuring prominently in the industry are the United
States, United Kingdom, Japan and West Germany. The multinationals
figuring prominently include Halcon International, Inc., International Min-
erals and Chemicals Corporation, Texaco, United States Steel Corporation,
Imperial Chemical Industries, National Iraniar, Qil Company, BASF, Toyo
Engineering Corporation and Hitachi. Indian big business houses figuring
importantly include such names as K.K. Birla, Dalmia, Bharat Ram, Kasturbhai
Lalbhai and Khaitan.

* Capacity expansion in the industry has been sustained, irrespective of
domestic demand, with chronic underutilisation of capacity.! Production
has always beer: in excess of demand, leaving a huge carryover stock (Desai,
1979). Growth of production and consumption has not been closely related
to movements either of fertilizer prices or of the ratio of fertilizer price to
crop price.

These features point to a highly oligopolistic and protected industry.

A Note on Pesticides

The story of pesticides on the supply side is similar to that of fertilizers
but on a much reduced scale, although there is a paucity of data cn this.
Input per hectare in 1981-82 was a mere 377.1 grams, which may be compared
with mcre than 10,000 grams in Japan, nearly 2,500 grams in Europe, and
about 1,500 grams in the United States in 1971. Once again, the small
absolute figure conceals an extremely high rate of growth—17 percent per
year between 1955-56 and 1971-72. At a world level the pesticide industry
is also highly oligopolistic, dominated by about 20 multinationals. These
multinationals are extremely powerful, evading laws and even exporting
iczms that are banned, and yet receive subsidies from the nationaj govern-
ments. Profit to turnover ratio in the industry is as high as 40 percent,
about four times higher than in comparable industries.

There is, however, one important difference between pesticides and
fertilizers from the point of view of our present study. While there are
known non-industrial substitutes or supplements in fertilizers, this is not
the case for pesticides. Protection from insects and discases is essential for
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the growth of crop production. But traditional agriculture does not provide
any solution which could have been retained.

VIII. MECHANISATION POLICY

We have seen that before independence, as well as in the early post-
independence period, the country had a well-defined policy of discouraging
such mechanisation of agriculture that might adversely affect employment.
With the adoption of the new technology this gave way to a laissez-faire
policy—letting farmers use whatever machines they could purchase and
letting industries produce whatever farm machinery they could sell. As the
farmers’ and the industrialists’ decisions are based on private profit max-
imisation and not on social welfare maximisation, it is not surprising that
this laissez-faire policy resulted in an indiscriminate proliferation of farm
mechanisation, as if the government’s policy was to maximise mechanisation.

As in the case of fertilizers, the numbers are impressive. The production
of tractors has increased at a rate of more than 26 percent per year. Stocks
have piled up at a rate exceeding 15 percent. Qil engines and elecrically
operated pumnpsets and tubewells in use by farmers have increased at the
rates of 13.5 percent ard 19.2 percent per annum, respectively. Electricity
in agriculture has grown at the rate of 14.8 percent per year (figure 2.7
and table 2.10).3 This phenomenal growth in mechanisation has taken place
on a very narrow base, with the result that, on a per hectare basis, the
importance of this machinery still remains insignificant, as was seen in
tables 2.1 and 2.2.

The most important producing industry is the four-wheeled tractor
industry beginnirg in the early 1960s, with an investment in 1979 of Rs.
15,000 millions and an annual production of 60,000 units in 1980, This
compares with the annual production of 197,000 in the United States in
1978. Importart newcomers are harvest combines and power tillers.?® The
manufacture of a whole range of accessories used with tractors for various
operations has also begun.** Among them, disc harrows, trailers and seed-
cum-fertilizer drills have acquired popularity.

We have discussed (section VI) the labeur displacing effects of farm
machinery, in particular those of tractors and harvest combines. We have
alse seen that no one contests that direct employment is adversely affected
by most farm machinery. But there are differences of opinion on the net
eifect after taking into account increased employment following from better
cultivation, supposedly made possible by mechanisation. On this matter we
can do no better than to cite the conclusions on tractorisation arrived at
by Binswanger (1978), who painstakingly reviewed numezous studies on the
effects of tractorisation—from large-scale surveys conducted by important
research organisations to unpublished Ph.D. and M.A. theses. His views,
uncentested so far, are worth quoting;
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The tractor surveys fail o provide evidence that tractore are responsible for
substantial increases in intensity, yields, timeliness and gross returns on farms
in India, Pakistan and Nepal. At best, such benefits may exist but are so small
that they cannot be detected and statistically supported, even with very massive
survey research efforts.

The fairly consistent picture emerging from the survey largely supports the
view that tractors are substitutes for labour and bullock power, and thus
implies that, at existing wages and bullock costs, tractors fail to be a strong
engine of growth. It is to be underscored that according to Binswanger
not only are the social benefits outweighed by social costs, but even “private
returns [from use of] tractors [in] agricultural operations must be close to
zero or negative.”

Binswanger concedes that “there are probably a few areas remaining’
where tractors are a pre-condition for area expansion by reclamation.” He
also recognises various non-agricultural uses of the tractor which are beneficial,
like transport. As to the reduction of drudgery which is undeniable, he
insists that: “They [agricultural lzborers] have accepted to perform the
arduous tasks only because they were forced into them by a lack of better
alternatives.” As such, introduction of the machinery “clearly increases
rather than reduces the suffering” He concludes that “it nevertheless is
clear that tractors shift the cost advantage in farming towards the larger
farms and that they therefore induce pressures towards increased concen-
tration of landholdings in fewer hands. This is inconsistent with the stated
goal of policymakers in all these countries to achieve a more equal distribution
of landholdings.”

Let us now consider the alternatives foregone. There is a vast scope for
improving traditional implements and for designing new machinery that
would reduce drudgery and improve production and which would be capital
saving and labour-intensive. This was recognised officially as early as 1928
in the report of the Royal Commission on Agriculture (RCA, 1928), which
recommended the development of such equipment as pneumatic tires for
transportation, seed drills for line sowing, and so on. After independence,
policy documents, including the five year plans, cmphasized the point. A
cemprehensive countrywide survey of indigenous implements was conducte?.
by the Indian Council for Agricultural Research, and some useful volumes
were produced (for example, ICAR, 1960). A machinery division w» set
up in a number of states. Experiments for the improvisation of a large
number of implements have been carried out in these places.’

Mest of these laboratory experiments have remained in the laboratory,
however; they have not been taken up by cultivators.’ Facile explanations
like Indian peasants being conservative cannot be advanced anymore at a
time when the fashion is to point to the avidity with which peasants have
taken to the HYV-fertilizer technology. More objective factors like lack of
service facilities, lack of standardisation, and so forth can be thought of.
But the most important factor is that not enough has been done to establish
communication between the laboratory and the farmer. Not even a fraction



40 Ashok Rudra

of the energy and crganisational effort with which the fertilizer-HYV
technolugy has been sold to the farmers has been expended for taking the
improved machinery to the / rmers and bringing back their reactions to
the luboratories for generating a continuous process of use-feedback-
redesigning. This has occurred largely because of the deeply entrenched
prejudices of engineers and administrators in favour of big and sophisticated
machinery, compared with the small and simple yet efficient.

This also explains why there has been so little research focussed on
inventions of the kind made in many other countries for tapping non-
conventional sources of energy, such as the sun and the wind, and for
increasing the efficiency of energy conversion by imaginative utilisation of
the principles of mechanics. It is all the more unfortunate because Indian
farmers, far from being averse to the adoption of such inventions, reveal
a great deal of untutored and unsupported enterprise in the matter.
Throughout the country contraptions are made by the farmers, with the
help of locally availoble materials and artisanal skills and by incorporating
various gearing, pedalling and levering devices, for better utilisation of
human and animal energy. A piece of bamboo tied to the handles of three
hand-operated tubewells in a row and operated by two persons at two er.s
saves human energy by one-third. This elementary device that we discoverec
in a village in West Bengal symbolizes the enormous potential that has
been allowed to go unutilised. This subjective factor is reinforced by the
objective interests of the engineering industries, domestic and foreign, engaged
in the manufacture of agricultural machinery. The domestic industry in this
field, as in most areas, has shaped itself on models of developed countries.
In contrast to the fertilizer industry, trends in the tractor and allied industries
have been set no: only by the capitalist West but also by the socialist East.

Until 1958 tractors and allied machinery reflected the western technology
of the Caterpillars of the United Kingdom, Ford Motor Company of the
United States, Massey-Ferguson of the United Kingdom, and the International
Harvester of the United Kingdom and the United States, who were the
principal exporters in India's market. Since that time, East European countries
have entered the Indian market in a big way, so much so that domestic
production, started in 1961, has been based largely on collaborative agreements
with as many countries in the East as the West,}? Factor endowments and
methods of cultivation in both of these groups of countries call for large
and heavy machinery It is such products that they exported earlier, and
it is the technology f..: such products that they have exported later. That
is only to be expected. It is not expected that they would design machines
suited to Indian conditions, given the small market that India offers. Nor
is it surprising that USAID and the World Bank should give loans for
importing machinery.’

The story is not very different for power tillers. Even though they have
received blessings from many for being small and cheap, a serious economic
observer stated, “Judged in terms of the depth of tilling, the two wheeled
power tillers (of the Japanese variety) . . . might be an inferior substitute
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even for ploughs” (Raj, 1973). The foreign exporting interest here is Japan—
both for products as well as for technological collaboration.®

Domestic industrial interests are not likely to favour a policy reducing
the dependence of agriculture on them and promoting a robust growth of
small-scale and artisapal industries fabricating tools, implements and light
machinery, while saving on purchased energy. Even though the farm
machinery industry is much smaller than the fertilizer industry, it involves
the interests of such powerful big business houses as the Kirloskars, the
Mahindras and the Tatas.® They have been able to ban all imports of
tractors from 1976-77 as well as to lift industrial licensing from the mid-
1970s.

It is ironic that the tractor industry in India is one of the few with a
record of independence und self-sufficiency in technology. The Swaraj model
of Punjab Tractors, Ltd., is wholly indigenous and bettor adapted to Indian
conditions than ali the othcr models based on borrowed technology. This
is ironic because the tractor in itself is inappropriate. Moreover, no originzhity
has been shown in the production of more appropriate varieties of machinery;
the industry fabricating various appliances is producing only things which
are operated with the help of tractors and which earlier were imported
along with tractors.

IX. IRRIGATION POLICY

Irrigation policy also changed around 1959-60, which marked the adoption
of the new technology. Until then the emphasis was on majot and medium
works which used river water and canal systems with the help of barrages
and reservoirs. The new technology shifted the emphasis to groundwater
irrigation with the help of tubewells, energised by electricity or diesel. The
shift was provoked by the greater suitability of the tubewell technology for
the new technology because of the control over timing and quantity of
water supply that it ensures.

Being the mainstay of agriculture since ancient times, the growth of
irrigation in general has not been as spcctacular as the other concomitants
of the new technology. The annual rate of increase of irrigated acreage has
been a mere 2.3 percent. It has been even lower for canal irrigation—2.1
percent. Tubewell irrigation, on the other hand, has grown at a rate of
about 26 percent per year, which is comparable to the growth rates for
fertilizers and mechanisation.!

As in the case of mechanisation and fertilizers, this high rate of growth
in tubewell irrigation would have been a matter of satisfaction if it were
moving towards a satisfactory solution to the water problem, which is one
of the basic problems of cultivation in tropical climates. That, however, is
far from the case. For one thing, even if all the potentials of canal and
tubewell irrigation are utilised, about half the cultivated area would remain
beyond their reach. As such, devices must be found to take care of the
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water problems of these areas as much as possible. Even within the half
irrigated by either canals or wells, the potential for groundwater is limited.*

There is no question that irrigation must find a place in whatever
technology package is adopted for the development of agriculture. That
irrigated areas are more productive than rainfed areas is universally accepted.
There are, however, differences of opinion about the relative quantities.
While some have advanced crude estimates, there are others who hold that
“available data do not permit a meaningful analysis of the effectiveness of
irrigation or its influence on productivity” (Manmohan Singh, 1984).3 There
is no difference of opinion that groundwater irrigation has a much greater
impact on crop vield than surface water irrigation.™ But all the same, the
"vay groundwate irrigation has been promoted at the cost of other sources,
such as canals, ponds, tanks, and so on, without improving the efficiency
of water use by technical, organisational and managerial innovations leaves
the state of affairs much worse than it need be.

The advantages and disadvantages of canal irrigation are well known.
Yet the advantages seem to have been lost sight of and the disadvantages,
from the point of view of the new technology, highlighted so as to prevent
necessary steps to extract the full benefits of canals. It is well known that
much water flowing down canals is wasted due to conveyance losses and
the absence of adequate field distribution systems—seepage loss has been
estimated at 40 percent. This sometimes leads to water-logging, which is
inimical to the new variety seeds just as irrigaticn by flooding with canal
water is.** The soil salinity effect is another drawback of the system. While
this is true of all canals, those that dry up during certain seasons or are
prone to flooding cause additional difficulties.

Among the advantages of canal irrigation which are easily neglected are
(a) in its command area it supplies water more plentifully, and therefore it
can benefit many more people than a well can; (b) it does not discriminate
between big and small farmers; and (c) it entails certain benefits not reckoned
in crop production terms, like non-consumption of any inanimate energy,
minimisation of damages due to floods and drought and lessening the
fluctuations of crop yields. But the most important point to be noted, when
comparing canal irrigation with tubciwel! irrigation, is that the benefits of
the latter are largely enhanced by canal water seepage, which re-charges
the groundwater tapped by the wells.

The obvious disadvantages of tubewell irrigation which are lost sight of
in the runaway enthusiasm for it by the new technology (because of its
qualities of perenniality and controllability) are (a) its dependence on external
and scarce sources of energy, such as electricity and diesel; (b) its dependence
on repair and maintenance; and (c) its built-in bias in favour of the big
farmer, in view of the minimum size of land below which it is uneconomic, 4

However, the greatest drawback of well irrigation is the deleterious effect
it can have on groundwater when not resorted to in a conjunctive and
controlled fashion. Thus, the National Commission on Agriculture, despite
its sunport for the new technology, states: “Overpumping results in permanent
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lowering of the groundwater table. The progressive depression of the water
table leads to increasing pumping head, reduced discharge, and high costs
making groundwater utilisation ultimately uneconomic. In a scramble for
water, people go in for larger and deeper bores or space the tubewells and
open wells closer than they should” (NCA, 1976(b)).

If the canals, after the huge investments made on tt.em, can be neglected,
it is not suprising that the traditional sources of irrigation like open wells,
tanks, ponds, and so forth operated witl. the help of human and animal
energy applied to primitive and inefficient implements should be left in
limbo, with total disregard for the vast potential of improving performance
which is not only possible but also unavoidable if agriculture in the country
as a whole is to develop in a balanced fashion.

It is therefo.e important to recall some of the advantages of the traditional
sources and means of irrigation. The dugwell can be used practically in &l
types of geological formations except in coastal areas. The tubewell, however,
can only exploit water held in sandy aquifers and is not feasible in rocky
formations, thus ruling out most of peninsular India. Dugwells and all other
small sources, like tanks, ponds, and so on, have the advantage of con-
trollability though obviously not of perenniality. The greatest advantages of
dugwells are that (2) they make no demand on any scarce inanimate energy;
(b) they make little demand on the services of repair and maintenance and
(c) when they do, the services can be provided by locally available materials
and skills. Similarly, tanks play an important role in preventing soil erosion.
They also recharge soil moisture and sub-soil and groundwater storage.’

The technological problem of irrigation does not consist of a choice
between canals, tubewells and traditional means. The complementarity of
these three irrigation sources is well recognised. The technological problem
consists of a systems approach towards an optimal combination of all the
different sources that could be tapped in a given area. “It was for this
purpose that Command Area Development authorities were established in
important project areas. . . . We have from the horse’s own mouth, however,
the results have not been impressive. . . . In practice, such conjunctive use
is not reflected in planning irrigation works, and in particular, groundwater
development is taken up in an ad hoc manner” (Manohan Singh, 1984).

This is recognised as having been caused by a strong bias among irrigation
administrators and enginzers ‘n favour of the engineering aspects of the
water works, compared with their management aspects. It is the same
overriding interest in sophisticated technology at the cost of connected
social and human problems which accounts for the inefficiencies of canal
irrigation and the total neglect of non-energised surface irrigation, This,
along with the overriding climate of private profit maximisation pervading
the cconomy, has resulted in the technological choice to maximise output
per unit of area rather than to maximise output per unit of water or to
maximise the total area benefitting.

Such has been the weight of conventional engineering thinking that
even within the canal and tubewell systems all the different technological
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options that exist have not been taken into account and decisions have
been taken as if blindfolded. Thus, canal irrigation offers choices in technology
as well as in related management on the following issues:

L

N N

Choice of material for diversion structures, for example, earth, rozks,
concrete, and so forth, with obvious differences in matters of labour
absorption, capital requirement, and dependence on locai material and
skill.

. Choice between use of heavy earth moving machinery and massive

application of human labour.

. Choice of density and other characteristics of field channels—the

greater the density, the more the replenishment of groundwater.

. Choice of method of conrrolling sedimentation, vegetation, and so

on, in channels with machines or with human labour.

. Choice berween barrages and reservoirs with regard to problems of

seasonal scarcities of water, flooding, and so on.

. Choice between lining of canals and allowing seepage for the benefit

of groundwater replenishment.*
Choice from among different distribution systems, e.g., rotational versus
non-rotational delivery.®

Similarly, tubewell irrigation offers technological choices in the following
areas, among others:

L
2.

N N K

Choice of material for the tube from among steel, brass, PVC, bamboo,
etc.®
Choice of size with the choice of the depth of underground water
layer, involving considerations of landholding structure in the command
area.

. Choice from among drilling methods—manual, manual percussion,

jetting and rotary drilling.

. Choice from among different kinds of pumps, for example, centrifugal,

vertical turbine, and so on.’

. Choice from among different means of delivery, for example, field

channels, undergcund pipes, and so forca.

. Choice between sources of energy—human, animal, electric and diesel.

Human and animal energy have been more or less excluded from
consideration. Diesel and electricity are both inappropriate, being
highly expensive and depending on remote sources.5 Non-conventional
sources of energy, such as the sun and the wind, offer potential
alternatives.>}

As has been pointed out, canal and well irrigation can serve at most
half the cultivable area in the country. For the remaining half, means have
to be found for the more efficient use of tanks, ponds, and other surface
water sources. The implements presently used with respect to these sources
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are so primitive and so wasteful of human encrgy that one can be sure
that potential improvement in this area is vast.

In fertilizers and farm machinery we located domestic and foreign indu-strial
interests that have put all their weight behind the inappropriate technological
choice represented by those industries. This factor would seem to play a
much less important part in irrigation. Tubewell technology hardly requires
any sophisticated products manufactured by multinationals or the big business
houses of India. Both electricity and diesel belong mostly to the public
sector. The decisive influence here seems to be the profic motive of the
big farmer backed by foreign advisors. The interests of the big farmers
have also received full support from the bias of engineers and administrators.

X. RESEARCH AND DEVELOPMENT POLICY

Research for the improvement of agriculture in India is conducted in different
institutions which may be grouped into three categories—research institutions
under the Indian Council of Agricultural Research (ICAR}; state departments
of agriculture; and agricultural universities. Of these three, the ICAR has
the longest history. It was set up in 1929 on the recommendation of the
Royal Commission on Agriculture, then named the Imperial Council of
Agricultural Research. In 1976 the Commission on Agriculture mentioned
nineteen research institutes under the ICAR, many of them specializing in
particular crops and covering all aspects of agriculture, including not oniy
crop production but also animal husbandry, fisheries, horticulture, forestry,
and so on. The most important ainong them is the Indian Agricultural
Research Institute (IARI), set up in 1905; after independence, it played a
notable part in the development of the new variety seeds.

Next i importance are the agricultural universities. Before independence
there were no such universities. Some research was carried out in a few
of the general universities, including Calcutta, Banaras and Visva-Bharati.
Agricultural universities were set up at the insistence of U.S. advisors, and
“inspiration was drawn from the Unitd States’ Land Grant Colleges”
(NCA, 1976(c)).5 The first was in Pantnagar in Uttar Pradesh. Another is
the Punjab Agricultural University in Ludhiana, which was set up soon
after the above and has won international fame for its role in the propagation
of the Mew Strategy. Another twenty universities were established by 1976.
Many more agricultural colleges have been set up all over the country.

Research and development is known to be weak in India as far as
industrial technology is concerned. The story, however, is different with
agriculture. The far-reaching transformation the country’s agriculture is
undergoing results largely from the research institutes and universities
mentioned above. The improved variety seeds were not simply imported
from Mexico and the Philippines. Much adaptive research was done before
they were made suitable for Indian fields. Behind that lay a large accumulation
of original research in cross-breeding seeds. Agronomy is a field where
India’s record of research and development is far from negligible.



46 Ashok Rudra

It is therefore unfortunate that all this effort should contribute to the
proliferation of a technology which is as inappropriate as we have seen the
new technology to be. Part of the explanation lies with the extraordinarily
large influence wielded by foreign experts and advisors on Indian agricultural
policy>—but only a part. One may hazard the guess that even if there
were no such foreign influence, research and education in agricultuce would
have been just as much or even more ill-suited to the requiremerits of the
country. The entire higher education system of the country bears testimony
to the Indian genius for learning from the West and retaining from India’s
own heritage precisely such elements that are least suited for the country's
welfare—whether values or institutions or technologies.

XI1. CONCLUSION

This chapter has established that technological choice made for Indian
agriculture has been such that the production of commodities has grown
at the cost of distributional justice as well as enployment and such social
objectives as local resource inobilization, local initiative and national self-
reliance. It should be possible to have more growth if better use is made
of organic manures, if a more coordinated and efficient exploitation of
surface and ground water is achieved, and if greater emphasis is put on
the improvement of traditional implements and less on farm machinery of
Western models. Of the four components of the new technology, namely,
improved seeds, water, chemical fertilizers and farm machinery, only the
first may be regarded as an unmixed blessing. While inappropriateness
attaches to the roles allotted to the remaining three components there is
nothing inappropriate about the seeds. There is no doubt that growth
would have been less if certain breakthroughs had not taken place in the
form of new variety seeds. We, however, de not equate these breakthroughs
with the new technology, which is defined by a certain combination of
these four components. The country would certainly have been better off
if the new seeds were integrated into an alternative, more appropriate
package of water, nutrients and non-conventional farm machinery and
implements.

Why did things go this way? A believer in the virtues of the competitive
price mechanism may tend to think: the prices have been wrong! With all
those controls and subsidies, what else can one expect? The prices of inputs
and outputs we are dealing with are subject to serious distortions. However,
we would not be so naive as to suggest that things would have been better
if only the prices were not thus distorted. Policy economists are given to
double-taik about certain supreme virtues allegedly attached to perfect
competition. Yet the theorems that they rely on relate only to Pareto
optimality. It should be clear from elementary textbooks and not really
require a major economist to argue (as, for instance, Amartya Sen, 1975)
that Pureto optimality is an extremely unsatisfactory indicator of social
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welfare. This optimality is well known to be compatible with the most
monstrous inequality. Further, the static concept has no relevance for growth:
there is no theorem that shows that Pareto optimality ensures a maximal
or an optimal rate of growth. Yet another point that is often forgotten is
that even for this limited optimality to hold, there has to be perfect
competition not only in any one sector like agriculture but in every ncok
and cranny of the economy. As such, correct input and output prices in
agriculture alone would not ensure even Pareto optimality.

Whe then killed Cock Robin? The answer has been given in the course
of this paper. It is the unique convergence of the interests of rich farmers,
Indian big business houses, powerful multinationals, and the aid-giving
powers of both East and West, all supported by the deeply entrenched bias
in favour of the big and the sophisticated shared by the Indian engineers,
r.ostiy trained in the West, and the country’s administrators. Given this
solid alliance of forces, there is very little chance that the counery will see
a return to a more balanced development of agriculture, with not only
growth but also distributional justice, with more reliance on improved
indigenous methods and involving a maximum use of locally available
resources.

NOTES

This chapter was completed in a brief period. I could not have possibly carried
out the work but for the extremely capable support | received from my rescarch
assistants. The person who helped me throughout was Sutapa Bose. Neepa Bisi
helped in the first part of the project, and Mithu Ghosh took over when she left.
Thanks are due to all of them.

1. This is nov a point that is disputed even by the most ardent advocates of the
New Strategy. Thus, Ladejinski (1969), citing certain cost figures for a seven-acre
farm to adopt the new technology, wrote, “This is where neutrality to scale begins
to break down.” Also see note 6.

2. The verage annual growth rate of agricultural production between 1880 and
1960 has been estimated at no more than 1.5 percent in the United States and 1.9
percent in Japan; the average annual rate in the United Kingdom wz3 barely 1
percent (Johnston and Kilby, 1975).

3. Some of the crops, however, are still in short supply and have to be imported--
for instance, oil seeds.

4. An idea of the high regional concentration is obtained from the following
figure quoted in Bhalla (1979): 69 high-productivity districts, representing only 20.5
percent of total area, account for 45 percent of fertilizer consumption in the country,
50 percent of the tractors and 38 percent of gross irrigated area. Among crops,
rice has benefitted much less than wheat, though it is the most important among
the food-grains, and a great deal of effort and attention has been directed at it.
The only other crop to benefit to some extent is Bajra (see Srinivasan, 1971).

5. It is usual to locate the so-called Green Revolution in the years 1965-66 and
1966-67. However, as may be seen from Figures 2.3 and 2.4, the upward shift in
growth took place much earlier. In the case of wheat in Punjab and Haryana, the
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point of departure is visible in 1960-61, the beginning of the IADP period. In the
case of wheat in U.P, it is between 1962-63 and 1963-64.

6. Thus, Subramaniam (1979), who was Minister for Agriculture in the mid-
1960s and who claiias credit for making the government promoce the adoption of
the New Strategy, wries, “There has also been a rry that it is only the better-off
farmers who have been using the fertilizers so that we have been only subsidizing
them. But ycu have to strike a balance because if they do not use the fertilizer
they will not preduce and the whole nation will have to starve.”

7. There has been much evidence supporting this proposition. Reports of the
Agro-Economic Research Centres, the Programme Fvaluation Organisation of the
Planning Commission and individual researchers have presented such data (see, for
instance, Griffin, 1974).

8. This again is a proposition that has been supported even by enthusiastic
supporters of the New Strategy (for example, Bhalla and Chadha, 1982).

9. This again is not a matter on which there is any dispute. Even such strong
advocates of the New Strategy as Kahlon and Singh (1973) present figures that show
that in 1971-72 large farmers cbtained eight times more institutional loans than
small farmers. Similarly, another high priest of the Green Revolution, Ladejinski
(1973), had this to say: “Throughout the long history of institutional rural credit
the differentiation has always been along the lines of much for the few and little
for the many. And there is no mystery about ir, for the distributicn of such vital
resources as credit and inputs reflects a power structure very much biased in favour
of the affluent.”

10. This proposition is disputed by some, theugh much less than the proposition
about the inverse relation in traditioral agriculture. Among those emphasizing this
reversal of the relation are Dasgupta (1980), who is a critic, and Bhalla and Chadha
(1982), who are supporters of the new technology.

11. See Lockwood (1972) for detailed discussion. There are some who counter
the argument by saying that labourers have also gained through more employment
and higher wages. However, most researchers agree that this has not prevented the
widening gap between the two poles.

12. There are, however, some crops (like cotton) for which HYV seeds absorb
less labour than ordinary sceds (see Lakdawala, 1978).

13. In India, one distinguishes between two kinds of farm labourers by their
duration of employment: daily labourers and farm servants, who are also often
referred to in English as “permanent labourers,” “attached labourers,” etc. This
author (Rudra, 1971) found that employment of farm servants increases with the
use of tractors. The same result was found by NCAER (1973). However, some other
rescarch workers, c.g., Kusum Chopra (1974), Kanchan Chopra (1984) and Agarwal
(1983), found the opposite to take place.

14. Some of the more important references on the subject are Raj Krishna (1975),
NCAER (1973, 1980), Manmohan Singh (1979), Singh and Singh (1980), C.B. Singh
(1981), Oberai and Ahmed (1981), Joshi (1981), Agarwal (1983), and Laxminarayan
and others (1981). Various authors have also presented numerical estimates of the
displacement effect. According to the National Commission on Agriculture (NCA,
1976), tractors displace human labour by only 15 percent. This is consistent with
C.H.H. Rao’s (1979) estimate that tractorisation resulted in reduced labour days by
12 percent to 27 percent in different parts of the Punjab. This, however, is lower
than the estimates by Kumar and others (1981) which put the reduction at 41
percent and that of Laxminarayan (1982) who places it at 58 percent for ploughing.
Laxminarayan and others (1981) calculated that harvest combines reduce employment
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by 95 percent. NCAER (1976) presents a much more benevolent picture for power
tillers—Ilabour displacement being only between 10 to 20 percent.

15. This point is affirmed by Kahlon (1976), Ray and Blase (1978) and C.H.H.
Rao (1979).

16. This point has been emphasised by NCAER (1980), conceded by C.HH.
Rao (1979) and disputed by Agarwal (1983) and Binswanger (1978).

17. This point is greatly emphasised by the National Commission on Agriculture
(NCA, 1976) and among research workers by S. Bhalla (1981). Binswanger (1978),
opposing the point, wrote, “A 10 percent reduction is all that is required to offset
this off-farm employment and in most casc+ less than 5 percent reduction in farm
labour requirement will do it”

18. For instance, Raj Krishna (1975) carried out a decomposition exercise which
showed that the negative effect of the tractor was much more than the positive
effect of other factors. Joshi and others (1981) found a similar result. The same
conclusion has been drawn from a comparison of the farm management data for
Muzaffarnagar district for 1954-55 and 1966-67. Not only per hectare labour input
for individual crops decreased but so did the total labour input per hectare, and
that by as much as 15 percent. This is in contrast to the picture for the Ferozepur
district where labour input into individual crops decreased but where labour input
into all crops taken together increased (by 29 percent according to the calculations
of Sharma (1974) and by 40 percent according to those of Mehra (1976)).

19. In the country, three-fourths of the area under wheat and half of the area
under rice have already been brought under high-yielding varieties. The ratios are
much higher in the Green Revolution areas—96 percent and 83 percent for wheat
in Punjab and Haryana, respectively, and 87 percent for rice in Punjab.

20. Recentiy there has beer talk about deceleration in fertilizer demand (for
example, Nagaraj, 1982). In our judgment, this is & serious mistake made through
mechanical interpretation of statistical data. It is true that the geometric rate of
growth in consumption of chemical fertilizers, as may be obtained by a comparison
of erd-points, would be less than what is shown in tnble 2.5 if one would consider
a period like 1967 to 1983. However, there is no reasor: to attach a greater significance
to the geometric rate than to the arithmetic rate. As inay be seen from table 2.6,
the yearly increment of demand was much higher in 1959-60 to 1975-6 than preceding
1959-60 and much lower after 1975-6.

21. Thus, imports of fertilizers have grown between 1962-63 and 1980-81 at the
annual rates of 10.7 for N, 23.6 for P,O5 and 179 for K,O.

22. Thus, naphtha production doubled between 1973 and 1983. Natural gas
production increased by 4.5 fold between 1970-71 and 1982-83, reflecting its growing
universal popularity. Import of ammonia increased at the compounded rate of more
than 60 percent per year between 1974 and 1981. Production of rock phosphate
grew fourfold and import of sulphur threefold between 1969-70 and 1982-83 (table
2.5).

23. Extensive research has been done to estab'ish the residual effects and the
buildup of nutrients in the soil with continuous application of farmyard manure.
It has been seen that while farmyard manure is less effective than chemical nitrogen
when applied alone, the corabination of farmyard manure and chemical fertilizers
yields better results than chemical fertilizers alone. (See Kulkarni and Kulkarni,
1982.)

24. Thus, the FAO report of 1976 provides estimates in million tonnes of nitrogen,
phosphate, potash, and so on, available from organic matters like animal dung,
animal urine, human excreta, efluent and sludge.
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25. According to official statistics of the Indian government, rural and urban
composts used in 1981-82 amounted to 231 million tonnes and 6.5 million tonnes,
respectively. Even if these figures are taken at their face value, they represent less
than 1.5 million tonnes of NPK, compared to chemical fertilizers providing 6 million
tonnes of the same. In 1981-82 only 3.1 percent of gross cropped area was green
manured. This may be compared with more than 33 percent of the same area
receiving chemical fertilizers. One of the rare appropriate technology innovations
accepted in much of the world for simultaneously improving the heat efficiency of
cattle dung as fuel and its nutrient efficiency as manure is the bio-gas plant. But
while in China they have put up more than eight million such plants, in India the
latest figure available does not reach even ten thousand (see Ramaswamy, 1984).

26. The Fertilizer Association of India commissioned the Indian Statistical Institute
to undertake a research project aimed at making future projections of fertilizer
requirements. A team headed by K.S. Parikh and T.N. Srinivasan analysed data
from 31,000 fertilizer trials in farmers’ fields, and the conclusions quoted in the test
are from rigorous statistical analysis of the same. Detailed results have been presented
in Parikh and Srinvasan (1974).

27. In an OECD sponsored study Kahnert (1971) shows (1) how the fo.b. prices
from the United States are higher than the fo.b. prices from the Gulf countries;
(2) how the free market transport cost from the United States is about four times
higher than from the Gulf countries; and (3) how the transport in United States
flag ships costs several times more than in other ships. Despite all this, importers
from the United States are obliged to carry half the supplies on United States flag
ships.

28. According to an OQECD estimate, foreign exchange fertilizer imports accounted
for about 14 percent of the net official and private financial flows from the aid
giving countries to the developing countries and the proportion of capital aid for
the fertilizer industry represented about 14 percent of the total aid given to the
developing countries for agriculture (OECD, 1968).

29. The total subsidy on fertilizers in 198283 was estimated at Rs. 65,000 millions.
And the accumulated subsidy between 1976-77 and 1983-84 was estimated at about
Rs. 38,000 millions. This may be compared with the accumulated investment in
the industry as Rs. 25,000 millions until 1979-80. The rates of subsidies vary from
product to product and state to state. A rate of 50 percent is very common.

30. The ratio of the index number of fertilizer prices to the index number of
agricultural commodities decreased between 1961-62 and 1973-74 by as much as 40
percent. Even during the sharp rise of fertilizer prices due to the oil crisis the ratio
remained 13 percent below that in 1961-62. During the next ten years crop prices
were at first systematically decreased and then again increased so as to be a mere
10% higher in 1983-84 than in 1974-75.

31. Capacity utilization has been less than 60 percent in most of the 1970s in
both nitrogenous and phosphatic branches of the industry.

32. These growth rates have been calculated from figures presented in different
non-official publications like NCAER (1980) and CMIE (1982). We must re-ort to
these sources as authoritative statistics (for which the source is Livestock Census of
India) though they are extremely backdated.

33. Power tillers entered the scene only in 1965-66 with a supply of less than
700 units from domestic production and imports. Production grew at a fast rate
after that and so did imports for some years. By 1974-75 the cumulative total of
machines available was about 16,000 (compared to nearly 450 thousand tractors in
stock in 1979).
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34. The National Commission on Agriculture gives a long list of farm machinery
manufactured and used: for example, trailers, cultivators, disc-harrow, mouldboard
plough, disc-plough, seed-cum-fertilizer drill, levelling blade, dozer front, scraper,
leveller, tractor-mounted sprayers and dusters, tractor-mounted liquid fertilizer ap-
plicator, fertilizer speeder, rotavator, spike tooth harrow, chisel plough, mower, clod
crusher, wind rower, maize sheller, forage harvester baler, chaff cutter, fodder mill
feed grinder, groundnut digger, groundnut decorticator, potato harvester, potato
planter, dryer, seed cleaner, thresher, mounted pumping set, loader and lifter,
sugarcane planter, sugarcane harvester, blade harrow, farmer stroke picker, cotton
picker, soyabean harvester, and so on.

35. A long list of different improved implements that have been developed and
are in limited use or for which potential exists has been presented and discussed
in NCA (1976(b)).

36. According to the National Commission on Agriculture, some of the :nproved
implements are five to ten times more efficient. The superiority of the iron plough
over the wooden plough has been demonstrated for a long time; yet its generalised
use has not taken place in the last 75 years. Improved weeders eliminating the
backbreaking drudgery of the traditional hand tool have also not gained currency.
On the other hand there are examples of improvements that have been widely
accepted, for example, the iron sugarcane crusher. There is, similarly, much scope
for increasing the efficiency of animal drawn implements and vehicles which have
not been exploited despite laboratory successes. (See Kahlon, 1981, and Ramaswamy,
1979.)

37. Out of a total capacity of about 80,000 tractors in 1979-89, as much as 31,000
was the share of the East-European collaboraters and 40,000 that of Western
countries; the remaining were ir.digenous.

38. Such loans for India have been much less than those for Pakistan,

39. In 1974-75 there were only six firms manufacturing power tillers with a total
installed capacity of 10,000, each with Japanese collaboration.

40. Voltas is a firm that involves the partnership of the Tatas.

41. As in the case of fertilizers, growth of area under tubewell irrigation would
also show deceleration if one were to judge by the compounded rate of growth,
calculated separately for two halves of the period. But here again the linear rate of
growth shows an increase.

42. The net cultivable area is 140 million hectares and arca potentially irrigable
is 100 million—70 million by surface water and 40 million by groundwater. Of
these potentials the rates of utilisation have been 21 percent for canals and 20
percent for tubewells.

43. According to Dhawan (1983(a)), foodgrain production increases 175 percent
with irrigation. This all-India average hides regional variations like 250 percent for
peninsular India and 80 percent for central India. These figures are several times
less than irrigated yield as observed in demonstration farms. Abbie and others (1982)
calculated that valuz added per hectare of net irrigated land was more than five
times that on rainfed land. The difference is largely accounted for by higher cropping
intensity on irrigated land.

44. Estimates of differential contributions to production increase by different
sources of irrigation are presented in Dhawan (1983(b)).

45. It has been estimated that as of 1975 field channels were yet to be constructed
in 2 million hectares in the command areas of the major irrigation projects. Also
about 6 million hectares of land were affected by water-logging caused by seepage
from canals (Michael, 1976).
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46. Superiority of groundwater over surface water is probably not a universal
fact. It has been found to be so for Punjab and Tamil Nadu but some researchers
have failed to establish it for U.P, Bihar, Karnataka, and Maharashtra.

47. Detailed descriptions of var'ous traditional sources and means of irrigation
with their advantages and disadvantages are to be found in NCA (1976(b)) and in
Michael (1976) and Dhawan (1982).

48. It has been estimated that of the 40 percent of canal water tha: gets into
seepage only one-third to one-half can possibly be retrieved by pumping. As such,
lining is suggested as a better alternative that would prevent about 80 percent of
the loss,

49. Rotational irrigation in Japan and Taiwan has been found to save water to
the tune of 20 percent to 30 percent. However, this system requires much more
supervision,

50. Bamboo tubewells have crossed the stage of experimentation. They are already
being used in conjunction with diesel pumps to serve small command areas of two
to four hectares.

51. A vertical turbine pump was eight times more costly than a centrifugal pump
in 1975.

52. Electricity is cheaper than diesel on both capital and current accounts and
this is s0 even when one takes into account that a diesel pump can be made mobile
80 as to singly cerve several tubewells at the same time. However, dependence of
electric pumps on the erratic supply of power has made the more costl alternative
more popular.

53. Research is being carried out for the manufacture of solar energy charged
cells for irrigation pumps. India is ahead of other Third World countries in this
field, though, ironically, it is much behind countries of the West which have much
less sun to utilise. Windmills for irrigation are also being tried out in some parts.
But these beginnings are mere drops in the ocean of conventional practice,

54. The recommendation in this regard featured most irnportantly in the reports
is referred to in Section 2 of the Joint Indo-American teams of 1955 and 1960 as
well as in the one of 1959 that launched IADP.

55. It would be pardonable for a reader not clesely familiar with the problem
2t hand to treat our version of foreign influence as exaggerated. It is no doubt true
that Indian intellectuals, no less than Indian politicians, suffer from a deplorable,
though understandable, tendency of blaming the country’s ills on imperialism. It is
precisely the truth of such cases as that ot agricultural policy that lends credence
to the caricatural presentations of Imperialist conspiracies in every nook and corner.
The National Commission on Agriculture writes, “The agricultural research situation
as a whole was far from satisfactory. In recognition of this overall view and of the
need to reorganise agricultural research the following expert teams were constituted
- - " and then cites five committees of which three are called the First Joint Indo-
American Team on Agricultural Research and Education (1955), the Second Joint
Indo-American Team on Agricultural Research and Extension (1960), and the
Cormmittee for Agricultural Universities’ Legislation—Cummings Committee (1962).
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Table 2.1

Modern Inputs into Agriculture - Country Comparison

Continent/ Fertilisers: Pesticides Tractors,
Country Nitrogenous Phosphatic Potassic|gm per hectare per 1,000
hectares
1961-~1982 1971-1972 1976
Asia 19.5 6.4 2.3
India 21,4 6.5 3.7 180.1 1.5
China 29.1 7.6 1.8
Japan 118.2 128.8 98.3 10,790.0 181.8
South Korea 244,7 56.4 39.9
Africa 1.9 1.3 0.5 2.1
Egypt 204,5 38.5 4.5
South America 1.9 2.7 1.6
Europe 63.8 37.0 38.8 1,870.0 58.3
Netherlands 236.9 40.0 52.6
Spain 26.2 10.9 7.0
U.K. 715.7 24,3 25.7
U.S.A. 23.5 10,2 11.9 1,480.0 23.5
U.S.S.R. 13.8 9.7 8.1 10.6
World 13.0 6.7 5.2 13,1
Unics: For fertilisers kg/hectare Time reference: for fertilisers 1981-82
For pesticides gm/hectare for pesticides 1971-72
for tractors 1976
For tractors per 1000
hectares

Source: Fertiliser Stactistics (1982-83), National Commission on Agriculture
(1976), NCAER (1980).
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Table 2.2
Item Unit Refaerence
Period
1 2 J 4
. ;
Paddy 41.7
Wheat 70.2
Jowar percent of 19.0 1978-79
Bajra gruss cropped 25.8
Haize area 23.4
Total 3g.1l
Axea
By Canals 10.6
By Tube-wells percent of net 5.7 1978-79
By all sources sown area 26.6
Tube-wells number per lakh 2775 1982
hectare#*
Tractors number per 2.5 1979
1000 hectare
Electricity kwh per 1000 100.8 1982
hectare
Pesticides gm per hectare 377.1 1981-82
N+P+K kg per hectare 31.6 1981-82
Area fertilized percent of gross 32,8 1976~77
cropped area
Farmers using percent of all 45,2 1976-77
fertilizers farmers

Note: 1In some cases the figures are somewhat backdated because
later estimates that ara available are marked as
provisional. For instance, the percountages of Area under
BYV will be more by about 5% for most of the crops if one
taken the provisional estimates for 1980-81.

* "hectare" here and below refers to gross cropped area,

Source: Fertiliser Statistijcs (1982-83), CMIE (1¢82), Indian
Agricultural Statistics (diffarent volumes), NCAER
(1979) and NCAER (1980).



Table 2.3

Growth of Modern Inputs

(percent per annum)

59

Item Growth Rate | Reference Period
1 2 K}

Machinery in use:
Tractors 15.1 1951-79
Tube-wells 23.9 1951-78
01l Engines 13.5 1951-82
Electrically operated
irrigation pumpsets/ 19.2 1951-82
tube-wells
Consumption of Fertilizer and Pesticides:
N 14,8 1952-83
P 18,7 1952-83
K 19.8 1953-83
N+P+K 15.9 1952-83
Pesticides 13.7 1956-82
Net Irrigated Area:
All Sources 2,3 1951-79
By Tube-well 25.6 1961-74
By Canal 2.1 1951-79
lmproved Seeds:
Area under HYV 23.4 1967-82

Source: For tube-wells, Dhawan (1982). For the rest of the items, see

Table 2.2.
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Table 2.4

Ratio of Values of Assets Held by Different
Size Categories of Holders in Ferozepur

Large/small Large/mediun Medium/small
1 2 3
1967-68 3.25 1.56 2,08
1971-72 4.21 2.38 1.77
Note: Large farmers are defined as those owning more than 14

hectares; small farmers are defined as those owning less
than six hectares. The rest are medium farmers.

Source: Kahlon and Singh (1973a).



Table 2.5

Growth of the Fertiliser Industry

(annual compound rates)

Item Percent per Year Period
1 2 3

N
Capacity 21,7 1951-83
Production 16.7 1952-83
Consumption 14.8 1952-83
P205
Capacity 10.7 1951-83
Produccion 16.0 1952-83
Consumption 18.7 1952-83
Ka0%
Consumption 19.8 1952-83
Naptha
Production 6.8 1974~83
Import -6.9 1976-83
Rock-PhosEhate
Production 12.6 1970-83
Import 6.2 1970-83
Phosphoric Acid*w
Prodvction 9.4 1974-83
Import 30.0 1974-82
Sulghur
Production 4.8 1970-78
Import 6.9 1969-93

Note: * There is no domestic production of potush at all.
** For the fertiliser industry alone.

Source: Fertiliser Statistics (1982-~83).
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Table 2.6

Linear Rates of Growth of Fertilizer Consumption

(thousand tonnes per year)

! N P20y K20
First Period 29 32 2.4
Second Period 115 200 36.0
Third Period 300 550 56.0

Note: lst Period 1950~51 to 1959-60 for N and P205
1950-51 to 1963-64 for Ky0

2nd Period 1960-61 to 1975-76 for N and P20g
1964-65 to 1974-75 for K20

Source: Fertiliger Statistics (Different Volumes).

Table 2.7

Annual Rates of Fertilizer Price Increase

(percent)

Itenm 1967/1969~73% | 1973~74 | 1974-83
Fert{ilizer Product
Urea 3.8 90.5 0.8
Ammonium Sulphate 1.8 68.5 8.2
Di-ammonium phosphate 2.4 25.1 2.3
Muriate of Potash 6.4 82.1 -
Fercilizer Raw Material
Naptha 88.0 14.8
Sulphur + 71.0 7.2
Rock-phosphate 33.0 2.3

* The period is 1967-73 for urea and Ammonium=~sulphate.
The period is 1969-73 for the other two products.

+ The price of sulphur refers to only the part that is fmported
for the fercilizecr industry.

Source: BICP (1979); Fertiliser Statistics (1952-83).



Product and Feedstock Composition of the Fertilizer Industcy

Table 2.8

Item Percentage of Capacity
1963 1973 1983
1 2 3 4

Nitrogenous Products

Ammonium Sulphate 33.8 10.1 4.1

Urea 3.4 65.6 82.0

Phosphate Products

Simple Super Phosphate 88.4 41.9 20.4

Triple Super Phosphate NA 2.3 16.3

Feedstocks

Naptha NA 75.3 46.4

Fuel 0i1 NA 4.4 24.9

Natural Gas MA 2.3 13.9

Source:

NA: Not available.

Fertiliser Statistics (1982-83).
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Table 2.9

Role of Imports in the Fertilizer Industry

(percent)

Share of Domestic

Item Production in Year
Total Supply

1 2 3
N 50.1 1951-52
73.4 1981-82
P05 38.7 1951-52
73.5 1981-82
Naptha 92.6 1975-76
96.7 1982-83
Rock Phosphate 13.0 1969-70
24,1 1982-83
Phosphoric Acid 67.5 1973~74
38.0 1981-82
Sulphur 26.8 1969-70
16.3 1977~-78

Source: Fertiliser Statistics (Different Volumes),
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Share of the Private Sector in the Fertilizer Industry

Table 2.10

(percent)
Year In Cumulative In Cumulative
Investment Capacity
N P20g
l 2 k} 4
1956 6.9
1961 13.1
1974 39.7
1977 41.9 44,9
1979 31,5
1983 26.6 30.0 41.4
Source: Fert{liser Statistics (1982-83).
Table 2.11
Stock of Tractors and Tubewells
(number in thousands)
Year Tractor Tube-wells
1 2 3
1951 8.6 3
1961 31 22
1965/66 54 100
1971/72 148 540
1978/79 444 1744

Note: The years 1965, 1971 and 1978 are the
ra2ference period for tube-wells; the
yearsg 1966, 1972 and 1979 are the
reference years for tractors.

Source: NCAER

(1980); Dhawan (1982).
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Irrigation in Bangladesh
Stephen Biggs and Jon Griffith

L. INTRODUCTION

In recent years there has been an increasing interest in the development
and promotion of appropriate technologies. This has led to the establishment
of appropriate technology institutions in developed and developing ccuntries
and to a growing body of literature in this area,!

There has been considerable debate over what is appropriate technology.
In this chapter, we follow the view that multiple and specific criteria need
to be used to define what is appropriate technology for any particuiar
physical and socio-economic situation (Stewart, 1983). More specifically, for
our analysis this involves that equipment which:

i) is technically viable. For example, it works and does what it is supposed
to do;
ii) uses .osources efficiently from a national point of view;
iii) is relevant to the priority problems of a specified group of poor
people in a rural area,

Sometimes the proponents of appropriate technology claim that suitable
techniques exist but that thejr spread is hampered by the lack of supportive

Our case study focuses on the changing character and effects of irrigation
policy in Bangladesh, It examines the relationship between irrigation policy,
the choice of technique, and the effects that the different choices have on

74
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the dwcribution of benefits in the society. Within this context, particular
attention is paid to an innovative hand-powered irrigation technique.

One of the central themes of our analysis is a recognition that there
are special interest groups in aid agencies, in different departments of
government, ix universities and research institutions, and in rural areas,
which stand to gain or lose from changes in government policy. For example,
we do not see government or the state as a single institution making uniform
policies and programmes.” Rather, we see government as being made up
of separate, and often competing, ministries and departments. It is because
different departments in aid agencies and in government have vested interests
in different types of technology that the relative strengths of these departments
influence what types of technique are selected and promoted.?

The case study shows the way different foctions in aid agencies have
promoted or obstructed the promotion of irrigation technologies in Ban-
gladesh in recent years. The rtudy concludes by identifying where there is
room for manoeuvre for changing irrigation policy in the future.

II. CONTEXT

Agriculture dominates the Bangladesh economy, accounting for 70 percent
of total employment and 55 percent of the gross domestic product. Due
to rapid population growth, however, there is only about 0.3 acres of arable
land (0.12 hectares) per person. Focdgrain imports have increased to over
1.5 million tons per year in the mid 1980s. Moreover, the available resources
are unevenly distributed, so that many people have inadequate food intake.
While less than 10 percent of households own more than half the cultivable
land, 21 percent own none and a further 27 percent own half an acre or
less (Januzzi & Peach, 1977). These landless people depend on wage labour
for their survival. But, due to an increasing rate of rural under-employment,
the value of the daily w.ge has been declining. Between 1969/70 to 1975,
real agricultural wages fell by 30 percent (Clay, 1976).

Increases in agricultural production and employment must be generated
by more inteusive cultivation. The expansion of irrigation is the most
important single contributor to this end. The total irrigated area increased
from one million acres in 1960/61 (5 percent of arable land) to 3.6 million
acres in 1980/81 (16 percent), and it is planned to double this area by 1985.

In many ways, Bangladesh presents a classic -ase where labour is relatively
abundant, while land and capital are scarce. One would expect, therefore,
that irrigation policy would follow a route promoting labour-intensive
technology whenever possible.

Government irrigation activities began in the 1950s, but the growth of
irrigation started long before this. Indigenous manual systems were used
where surface water was available adjacent to low-lying land. These methods
included tidal irrigation polders and manually operated water-lifting devices
such as the dhone, the swing-basket, and the dug-well. Manual systems had
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expanded to irrigate 1.18 million acres (0.49 million hectares) by 1974
(Ahmed, 1976).

Before independence in 1971, government policy favoured large-scale
canal schemes, such as the Ganges-Kobadak and the Demra orojects, which
increased wet :2ason production by flood protection and supplementary
irrigation. Minor irrigation received little attention, and traditional methods
were ignored although they contributed most of the irrigated area.* After
independence, higher priority was given to minor irrigation, with diesel-
powered units such as the Low-Lift Pump (LLP), the Deep Tubewell (DTW)
and the Shallow Tubewell (STW), with command areas ranging from 10
to 100 acres. These offered the alternative of a new crop in the dry winter
season, rather than solely augmenting summer monsoon crops. Moreover,
this new season could be made highly productive through precise water
control and the “Green Revolution” package of inputs. The minor irrigation
approach attracted donors because of the expected rapid impact, in contrast
to the slow and disappointing results of the large-scale schemes (Hanratty,
1983).

Minor irrigation has therefore expanded rapidly since 1971 with strong
government and donor support for mechanized units. The initial policy
favoured Low Lift Pumps and Deep Tubewells, each with a water discharge
of two cusecs (60 litres/second) having a theoretical command area of up
to 80 acr., of paddy (32 hectares). These units were highly subsidized and
were provided to farmers’ irrigation groups or cooperatives for a nominal
rental charge.

Until 1981, almost all mechanized irrigation equipment was owned by
the goveinment and rented to irrigation cooperatives for a nominal charge.
There was, therefore, virtually no private market in this equipment. Decisions
on the choice of technology, and on the quantity to be made availabie,
rested with the government and foreign donors. Cn the other hand, there
has been no government intervention and support to encourage the traditional
irrigation methods. The area covered by these labour-intensive methods has
declined because they have been replaced by power pumps, or because
neighbouring power pumps have drawn down their water resources.

Since 1981 the subsidies on mechanized irrigation equipment have been
greatly reduced. The Bangladesh Agricultural Development Corporation
(BADC), which formerly hired out pumps and tubewells, now sells them
to farmers. The irrigation cooperatives, which had frequently been formed
to obtain a pump, are disbanding. Instead, rich farmers are taking bank
loans in order to buy a pump and then sell water to their neighbours.
This policy of privatisation has promoted demand for similar sizes of power
pumps, and the Shallow Tubewell has been particularly successful.

It is evident from table 3.1 that the policy commitment favouring
mechanized minor irrigation has been successful in achieving a significant
increase in irrigated area. However, once again, the traditional labour-
intensive irrigation methods have been ignored. For example, while there
have been many studies of the management, performance and coverage of
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power pumps, there is little such information on manual methods (Biggs
and others, 1978). National data, collectsd by the Ministry of Agriculture
and published by the Bangladesh Bureau of Statistics, aggregates all manual
methods under the heading of “other irrigation”. Thus, for example, there
is no data on the increasing covercye of the manual dug well. Moreover,
the coverage of the mechanized methods is reported as new irrigation,
without accounting for the traditional irrigation systems which may have
been displaced.

This bias against labour-intensive irrigation provides concern for two
reasons. Firstly, it raises questions about the efficiency of government
investment policies. Could the area of irrigations have been increased by
using the abundant labour resources rather than by using capital-intensive
methods? Secondly, and perhaps more seriously, are the issues of distribution
of the benefits of irrigation within the rural society. The 1ac hanized units,
being large compared to the average farm size and income, are inaccessible
to small farmers and to those who lack access to institutional credit. The
richer and more powerful farmers, who are able to control these methods,
have benefited disproportionately from their use. The traditional methods,
on the other hand, are accessible to many more of the small farmers, are
more appropriate for small, fragmented land-holdings, and generate greater
productive erployment.

There is one irrigation device which is a notable exception to the
exclusion of labour-intensive methods from state and donor support. This
is the Manually Operated Shallow Tubewel! for Irrigation, or MOSTI. This
is not a traditionzl method, but an indigenous innovation first reported in
1975. Since 1976, there have been three donor-funded projects to market
and promote a total of 430,000 MOSTT's, to achieve a planned irrigation
coverage of 150,000 acres (60,000 hectares).

The MOSTI is worthy of further study therefore, not only as a successful
and appropriate innovation, but also as an exceptional case of institutional
support in Bangladesh for labour-intensive irrigation. It illustrates, therefore,
that there is room for manoeuvre for donor organisations and for different
government agencies. It demonstrates that the promotion of appropriate
technology is not an impossible objective conceived of by idealistic and
vnrealistic planners.

I1l. THE MANUALLY OPERATED
SHALLOW TUBEWELL FOR IRRIGATION

The name MOSTI (Manually Operated Shallow Tubewell for Irrigation)
describes the traditional hand-pump tubewell when it is used for irrigation.
This dev<e was introduced to Bengal, as a domestic water source, in the
nineteenth century. Before its recent adoption for irrigation, it was already
widely used. Bv 1971, the Department of Public Health and Engineering
(DPHE) had installed 125,000 public drinking water wells, and an even
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larger number were privately installed and owned, More than fifty local
foundries manufactured the cast iron hand-pump, and the well-pipe and
strainer were both fabricated within the country.’

A private drinking water well at the homestead is a convenience and a
status symbol. A national uetwork of distributors and retailers supports
this market, and there is also an informal market for second-hand pumps
and wells. The well sinking is per$rmed in a day or less by tubewell

water supply programme, which has installed 50,000 new public drinking
water wells per year for the last decade. The number of hand-pump tubewells
in Bangladesh is estimated t exceed one million as shown in table 3.2,

The public drinking water wells, installed by the DPHE with assistance
from UNICEF, have an average depth of 35 metres, They now use imported
Plastic well-pipz. and strains, which are cheaper than the traditional galvanized
iron components. The irrigation MOSTTI wells, however, cannot use plastic
pipe because the well js extracted from the ground each season to protect
it from theft and because re-sinking improves the water vield. The high
cost of galvanized iron tipe means that only very shallow irrigation wells
are economically feasible, ™ eir average depth is 12 metres, Intensive MOSTI
use is thus restricted to tncse areas of the country where the geology offers
a good aquifer at a very shallow depth.

Private drinking water wells may use either galvanized or plastic well-
Pipe, and most use the same cast iron hand-pump. A MOSTI can be re-
sunk at the homestead for drinking water in the off scason. Similarly, public
wells have been itlicitly diverted to irrigation, and private drinking water

purpase,

This dual usage of privately owned wells has reduced the impact of
institutional MOSTI sales programmes and subsidies (see section IV). The
dual usage also makes hazardous any estimation of the total number of
MOSTIs in use.

There has been only one national census of MOSTT usage, conducted
by UNICEF in 1976 shortly after MOST]; were first reported.5 From this
survey it was estimated that there were 40,000 MOSTIs in use, of which
slightly more than half were irrigating an average of 0.45 acres of rice, and
the remainder were irrigating an average of 0.64 acres of dry-land crops.
Ninety-seven percent of them used 12 metyes or less of well-pipe.

The initial crop selection by most operators was HYV winter rice, and
the most common assessment of labour requirement was that one man
could pump enough water for one-third of an acre of this crop. Winter
rice requires irrigation for about three months, Commonly, two men shared
the work of irrigating a larger area, and the highest rate witnessed was
three men working shifts for one acre of rice, A man’s usual working
regimen was pumping for 20 to 25 minutes, followed by 5 to 10 minutes
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rest, repeated for a total of eight hours, representing about six hours net
pumping at a slower rate; wornen were hardly ever seen. Recent reports
suggest that women are now pumping more.

Operators are sensitive to any decline in the water discharge, and they
frequently carry spare parts for the pump in case of a break-down. These
items are available at local weekly markets in intensive MOSTI areas, and
the operators do all the pump repairs themselves. If the problem is a
clogged strainer, the owner will have the well re-sunk. In some areas re-
sinking once or twice during the irrigation season is a standard procedure,
and occasionally farmers do this themselves.

The cost of a MOSTI is equivalent to US$60 to $80, depending on the
depth required. This low cost makes it accessible : .- small farming families,
while the small irrigation command area is compatible with the fragmented
pattern of small holdings. The MOSTI may be considered appropriate
because of its small-scale, because it is indigenously produced, and because
local skills and services exist for its installation and maintenance. The very
high labour requirement for operation is also important given the high rate
of rural unemployment and the government’s commitment to increasing
employment.

By comparison, the alternative mechanized irrigation methods are larger
units, with a higher unit cost and a greater dependence on imported parts
and fuel. For comparison with the MOSTI, the Shallow Tubewell (STW)
may be considered because it is often in direct competition with the MOSTT,
and because it is strongly encouraged by present policy. Both methods are
presently on sale in Bangladesh in large numbers, under projects sponsored
by the government and aided by foreign donors.

Some of the significant characteristics of the two techniques are listed
in table 3.4. The STW uses a diesel powered centrifugal pump-set, whereas
the MOSTI uses a hand operated pump. The average command area irrigated
by the STW is 10 acres of rice, as compared to half an acre by the MOSTL
However, in terms of investment cost per acre, the two methods are similar
(see table 3.4, line 10). The installation cost of the MOSTI is negligible,
and the unit can be easily relocated, whereas the STW cannot be easily
moved or re-sold. Because the STW is new and depends on skilled
maintenance services, its operating life has been less than that of the
MOSTT; however, as these services develop in rural areas, this differential
can be expected to decline.

These figures show that, per acre of irrigation, the installation costs of
the two methods are similar.” It is the composition and level of running
costs that make the two techniques differ so significantly. Unskilled labour
inputs (line 12) for the STW are estimazed at 8 days per acre for channel
maintenance; whereas with MOSTIs an estimated 160 days of pumping
labour are required to irrigate an acre of winter rice. The major running
cost for the STW is fucl; for the MOSTI it is labour. When labour is
costed at the market rate of Tk. 10 per day the total running cost of the
MOSTI is over two and one-half times the running cost of the STW,
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However, although the MOSTI appears to be inferior, both they and the
STWs are spreading rapidly in Bangladesh. The reascns for the adoption
of MOSTIs deserve emphasis:

1. The dual labour market. A farmer who has the choice either of leaving
his land idle, or of hiring labour to operate a MOST], would have to pay
the market wage to the labourers. On this basis, cultivation with MOSTI
irrigation is not financially attractive to a poorer family who must choose
either to seek wage labour, or to work their land with manual irrigation.
This is because wage employment is infrequently available to job seekers,
particularly during the dry season. Although the imputed daily return to
manual pumping is far lower than the daily market wage, the gross return
to manual irrigation still exceeds the available wage earnings as labourers
are frequently unemployed.

2. The imperfect capital market. If credit is required to finance irrigation,
the small farmer generally faces higher interest rates than the larger landowner,
Where institutional credit is supposed to be available, the small farmer
might be debarred by lack of the required collateral, or the limited funds
available might be pre-empted by his more influentiai neighbours.

3. The effects of scale. The STW is attractive, on a per acre basis, if its
full irrigation command of about 10 acres can be achieved. However, it is
rare in Bangladesh for any farmer to own a block of land of this size, so
profitable opesation depends on collaboration between neighbours, Whether
the owner scils water to his neighbours, or whether the weli is commumnally
operated, there are hidden management and transaction costs which can
be considerable. The MOSTI operator does not face these costs because
the scale of the technology is smaller and is compatible with the existing
fragmented pattern of land ownership.

4. The effects of complementary inputs. Thz operation of the STW depends
on the provision of fuel, lubricant, spare parts and maintenance services.
Although the distribution of these inputs is improving, there is a risk that
any one might become unavailable, or that a monopoly supplier might
demand extortionate prices. The MOST], being older and simpler, requires
fewer complementary inputs, which are more widely available to the user.

5. The liquidity of the investment. Becausc the MOSTI may be cheaply
and simply extracted and re-installed, it can be re-sold if the owner faces
any unforseen crises. Once the STW is sunk in the ground, its withdrawal
is technically complex and risky. The diesel engine and pump from a STW
may be re-sold separately, but depreciation on these complex components
is faster than for the more robust hand-pump.

The analysis illustrates that these technologies possess intrinsic economic
and organizational characteristics which make them more or less attractive
to different economic strata of the rural population. The Shallow Tubewell
is more accessible and profitable to large farmers. The MOSTI is more
profitable for the small farmer, and its labour requirement indirectly benefits
the landless (Howes, 1984).

The capital/output ratio of the two methods is similar, and, on this
basis, one would expect national planning to be indifferent between them.



Irrigation in Bangladesh 81

In addition, if we look at the economic costs of running the two machines,
we would expect government policy to be directed towards the MOST]s
as the shadow price of labour is relatively low in this labour abundant
economy, and the shadow price of imported fuel is relatively high. Finally
as regards a social cost benefit analysis of the two techniques, the significant
contrast between the methods lies in the distribution of benefits (that is,
the value added through irrigation). With the MOSTI, labour derives a
greater share of the product, whereas with the STW, its owner gains more.
For these reasons, a naiional policy which prefers the Shallow Tubewell to
the MOSTI: (i) is inefficient as regards the best use of scarce natural
resources and (i) supports the interests of larger farmers rather than the
welfare of the poor.8

IV. THE MOSTI PROGRAMMES

Although farmers have recalled using MOSTIs as early as 1966, it was
almost 10 yeacs before the innovation attracted any official attention. In
1974 a flood caused famir:e in the nerth of the courfry, and in the subsequent
dry season there was a significant increase in MOSTIs, concentrated in
areas where the MOSTI was previously known. In 1975, reports reached
the capital tha: public drinking water wells were being stolen, and in
Jamalpur, cooperative societies requested the government to provide wells
for irrigation.

The Integrated Rural Development Programme (IRDP), a government
agency promoting development of farmers’ cooperatives, responded to this
request, a3 did UNICEE By the end of 1975 UNICEF had arranged funding
aind materials, and 10,000 MOSTI sets were on sale at cooperative associations
in 30 thanas,

This programme was able to start rapidly due to the on-going drinking
water programme sponsored by UNICEF and the Department of Public
Health Engineering (DPHE). The existing procedures for procurenient and
manufacture were simply expanded to provide additional MOSTI units. All
materials were procured by UNICEF, lergely from abroad, including pig-
iron and coke for casting the pumps, which was done by local foundries.
Storage and transportation of materials were handled by the DPHE up to
their divisional stores, from where the Thana Central Cooperative Asso-
ciations (TCCA) nominated by IRDP collected the complete tubewell sets,

The objects of the programine were to expand the use of MOSTI across
the country, to increase food production, and to increase the income of
families ovmning three acres or less by the provision of MOSTI on credit
sale. The programme was focussed on those thanas where a {resh-water
aquifer was available within a depth of 12 metres, and where a TCCA had
been established by IRDP. Tubewell sets were sold by the TCCAs on credit
to cooperative members, or for cash to non-members. To encourage sales
to small farmers, a small premium was added to the price of cash purchases,
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and it was directed that preference be given to credit purchasers owning
less than three acres.

The tubewell sets were priced at cost, plus the handling charges of the
TCCAs. This price implied a small subsidy on in-country management und
logistic costs, but the absence of taxes and duties meant that the sets were
considerably cheaper than the current market rate, This price differential
was significant for galvanized iron pipe, which is taxed at almost 100 percent
in the market, but was tax-free within the programme.

The programme was funded by foreign grants contributed through
UNICEE The intention was that higher purchase repayments accruing to
IRDP should form a revolving fund to continue the programme. However,
the revolving fund never materialized, and the programme ended in 1979,

The programme was evaluated by the Institute of Business Administration
in 1979 (Miyan, 1980). The evaluation concluded that 71 percent of the
sales were on credit, but that only 43 percent of the sets sold were used
for irrigation. The average cultivable land-holding of purchasers was 3.89
acres. At the time of the evaluation, 85 percent of the final credit repayments
were 10 months or more overdue. However, repayments subsequently
improved to over 90 percent at fieid level (World Bank, 1981).

The second MOSTI programme was sponsored by USAID, who signed
a credit agreement with the Planning Commission in 1976 for $14 million
to produce 240,000 hand tubewells. Initially the programme was impossible
to implement because no local agency could be found :0 handle the
procurement and distribution of the materials. The state agency responsible
for minor irrigation, the Bangladesh Agricultural Development Corporation
(BADC), was strongly committed to mechanized methods and was reluctant
to promote MOSTI. However, in 1978 BADC became the lead agency for
the USAID programme, but further delays occurred in procurement.?
Distribution of the wells was planned through both the TCCAs, and BADC
appointed retail dealers who were able to make cash sales, and to deliver
sets to purchasers receiving credit from the Bangladesh Krishi Bank,

An evaluation of the programme was conducted by a USAID mission
in February 1982 (Friedkin, 1983). At this time 104,000 hand tubewells had
been sold, and the programme had been reduced to 160,000 sets because
of cost escalation. The evaluation states that credit sales had been very
disappointing, explaining that this was due to red tape and to the reluctance
of the banks to handle small credit applications. The average land-holding
of purchasers was 4.30 acres. Full data is not available on the pricing policy,
but the subsidy on a set selling for Tk. 1,300 was about Tk. 280 (Friedkin,
1983).

The third MOSTI programme was assisted by a World Bank/IDA loan
of $18 million for 180,000 hand tubewells to be distributed from 1981/82
to 1983/84. This programme was similar to the first programme except that
procurement, formerly done by UNICEF, was now the agreed responsibility
of DPHE. Sales were handled by the TCCAs, with provision for medium
term credit for 90 percent of the units. The sales price included all costs,
but taxes and duties were excluded.
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This programme also met initial delays due to problems of procurement,
and to a government ban on the importation of pipe. The programme was
consequently extended until 1985. There has been no published evaluation,
but a study is presently being conducted by the Institute of Business
Adminiztration. Initial reports suggest that a large proportion of sales have
been for cash rather than credit, and that, as with previous programmes,
the majority of sales have not gone to small farmers. There are also
suggestions that the price differential between the local market and the tax-
free programme MOSTIs led to diversions of some programme components
into the niarket.

In the earlier analysis, it was suggested that manval irrigation would be
most attractive to very poor families who have surplus family labour and
access to some land. The three programmes reviewed here all intended to
supply MOSTIs to this group, but evidence suggests that most sales have
been going to larger farmers. The conventional explanation of why large
farmers buy MOSTTs is that they use them for drinking water, or to irrigate
high-value cash crops like tobacco. This may be true, but it is also possible
that these purchasers are profiting by re-selling the wells in the market.
Because of the tax exemption on programine MOETTs, there is a dual price
structure: the cven market price, related to tax paid components, and the
price of programme MOSTIs which are untaxed. In the case of steel pipe,
which is the largest item in the cost of a MOSTI, taxes represent almost
half of the open market price.

It is quite probable that the larger farmers who have access and influence
in the institutions are able to pre-emnt the supply of subsidized goods, ra-
sell them to the poorer users, and appropriate the value of the subsidy to
themselves. The existence of subsidized marketing orogrammes may also
deter private producers from investing zesourres in order to enter the
market. Thus the effect of subsidies in this context is to make the price
higher for the poor, and lower for the rich.

The MOSTI, as pointed out earlier, is simply a new use of the old
drinking water well. The desirable characteristics of a dr.nking water pump—
robustness, reliability, and ease of reoair—do not necessarily suit it to
irrigation, where efficiency and high yield are more important. It is thus
reasonable to believe that research and development could prcduce pumps
better suited to irrigation.

Some research and development was conducted in the UNICEF pro-
gramme, and a low-cost irrigation well strainer was developed. Several foreign
voluntary agencies have also bezn developing new irrigation hand-pumps
and wells, which have now achieved some market success, but this type
of initiative has received little staie support. The IDA programme provided
US$200,000 for research and development (R&D) by local agencies, but
this activity was removed by the government during a budget crisis, and
there has been little productive R&D by local agencies or institutions.

The minimal research and development work on the MOSTI may be
compared to the total absence of work on the other manual irrigation
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methods, such as the dhone, the swing basket, and the dug well. Although
these methods, together with tidal irrigation polders, have been irrigating
a million acres for 20 years or more, their technical characteristics and
performance were not even measured until very recently (Khan, 1980, 1983).

The traditional manual irrigation methods are extremely simple devices,
and they are fabricated in the village from wood and bamboo. By comparison
the MOSTI is relatively complex; it requires imported raw materials and
is manufactured in urban factories. Perhaps the crudeness of the traditional
pumps has deferred engineers and policy-makers from considering them
worthy of more serious attention (Biggs, 1978). Indeed, it is the relative
complexity of the MOSTI which has made it eligible for foreign assistance,
kecause it is possible to monitor and control the manufacturing and
distribution processes in the formal and state sectors of the economy,©

Since 1980, an innovative research project conducted by foreign engineers
of the Rangpur and Dinajpur Rehabilitation Services (RDRS) has developed
a very low-cost version of the MOSTI which is largely fabricated from
bamboo by trained village artisans. More than 8,000 of these units were
sold in 1983, and sales are increasing in the two districts covered by the
project.!! While this is evidently a highly successful and appropriate in-
novation with a bright future, it is an endeavor which large institutions
find difficult to support because it involves only the informal sector of the
economy. There is, after all, no need to finance the import of bamboo."

There is also considerable potential for research and development into
manual methods for lifting surface water. The traditional methods are
constrained by a maximum lifting height of four feet, whereas the MOSTI
has shown that lifting water 15 feet is now profitable tor small farmers. It
is possible ths¢ small investments in research might improve technical
performance and social benefits. The absence of such research is attributable
to the continuing bias towards mechanized irrigation, the benefits of which
go mainly to richer farmers.

V. POLICY ISSUES

This chapter has suggested that the rural poor would have benefited more
if policies tavouring labour-intensive irrigation had been given higher priority.
It has been argued that the MOSTI is an example of an appropriate
technology, which is appropriate not only fruin the growth point of view,
but also from the standpoint of contributing to equitable income distribution.

We have shown how special interest groups in aid agencies, ministries,
R&D institutions, as well as richer farmers and commercial interests have
given rise to policies which have prevented the spread of appropriate labour-
intensive irrigation technology. An illustration of the main interest groups
which have supported or obstructed appropriate technology are given in
the Technology Policy Determinants Diagram (figure 3.1).8 It can be seen
that UNICEF played a major positive role, while the Agricultural Devel-
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opment Corporation and the Water Development Board have played negative
roles. USAID has played a mixed role, some projects were positive and
others negative.

We now turn to some major areas of policy where we find there is room
for manoeuvre in the promotion of appropriate irrigation technology. We
restrict our suggestions to the promotion of labour intensive techniques,
and do not cover other strategies such as the creation of new landless
latourer organizations for owning and/or managing capital intensive irrigation
machines (Wood, 1984).

National Irrigation Planning

Table 3.6 shows the actnal performance of mechanized and manual methods.
During the 1970s growth has been due to mechanization; the area under
traditional irrigation has decreased, and the contribution of MOSTI was,
on a national scale, negligible.

On reviewing this table one might conclude that the capital-intensive
strategy was correct. However, what this table does not tell us is: (1) How
much of the growth of mechanized irrigation was at the expense of labour-
intensive methods; (2) How much labour-intensive irrigation could have
been increased if policy had not been biased against it; (3) What combination
of mechanized and labour-intensive technology would have been best for
achieving both growth and equity.

Given the physical conditions and technology choices available, we are
not suggesting that it would have been sensible to discard mechanization,
because the labour-intensive methods available have technical limitations.
What we do suggest is that explicit attention be paid to investigating the
maximum potential for labour-intensive techniques. This might result in a
significant re-orientation of Bangladesh’s irrigation planning. It would take
only one or two major government : _..stries or aid agencies to seriously
consider labour-intensive techniques to change the ground rules of the
policy debate in this area.

Subsidization of Mechanized Irrigation

In the past mechanized irrigation has been subsidized in a variety of ways.
For example, water has been supplied free of charge; equipment has been
rented out at subsidized rates; fuel has been subsidized; machines have been
sold through low interest loans; and repayment of these loans has frequently
not been enforced. A reduction in these subsidies would certainly lead to
the spread of alternative labour-intensive methods.

At the same time that mechanized methods have been subsidized, the
MOSTT has been highly taxed. A policy decision to abolish taxes on steel
pipe would double the economically feasible well depth, and more than
double the area of the country in which the MOSTI is viable. A change
in credit policy such as the experiments of the Grameen Bank (Yunus,
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1983) for providing loan and saving services to poor people would also
enhance demand for low-cost irrigation devices.

Research and Development Policy

The incredibly low level of research and development into labour-intensive
irrigation techniques, and the very limited inter-disciplinary research involving
engineers and social scientists, means that there is a whole area of activity
which could be explored for the improvement and development of appropriate
technology.

Although it is difficult to predict the actual growth potential of this type
of innovation, improvements to the traditional methods may offer returns
by expanding an already large irrigated area. As in the case of MOSTI, a
small increase in technical performance may make the technique applicable
over a much larger geographical area. For instance, if the lifting height of
the dhone could be doubled from four to eight feet, its potential national
command area would be more than doubled. While the potential benefits
could be large, the major costs involved would be the funding of research
projects. If such projects produced viable innovations, then their dissemi-
nation and adoption would be largely spontaneous and at little cost to the
government,

While research p.ojects may be seen as risky investments, the potential
returns should justify such ventures. Because appropriate hand-pumps must
be cheap and simple, it is unlikely that private business would be attracted
by the potential profits, and so the research must be sponsored by the
state. There are now local institutions competent to conduct appropriate
technology research, as has been demonstrated by projects at the Mirpur
Agricultural Workshop, the Rice Research Institute and the University of
Engineering and Technology.

The past failure by government and aid agencies to sponsor such research
must be ; .:l:uted to the strong bias favouring mechanized irrigation. To
some exte:n., - 3is is due to biased attitudes: machines are modern, and
hand-pumps old-fashioned; machines will release people from toil. Yet these
attitudes are conditioned by one’s position in society. The poor, who depend
on manual toil for their daily survival, have had little impact on national
policy. It is the rich who want labour-saving machines, and who have
influenced R&D institutions and policy.

As the influence of the biases is now being recognized, it is possible for
engineering R&D priorities to be geared raore towards national development
criteria.

The Policies of Aid Agencies

Foreign donors, who provide almost the entire development budget, prefer
mechanization because such formal sector projects are amenable to their
administrative and financial procedures (Thomas, 1975), and because the
machines and expertise are exported from the donors’ own countries,
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The untying of aid, the financing of local costs, and the reform of
administrative procedures in aid agencies would help to reduce the aid
agency obstacles to the spread of appropriate technology.

We believe that there is room for manoeuvre to change policy in the
four areas outlined here. However, we recognize that the iraplementation
of these policy changes would be difficult. For example the western man-
ufacturers, and the local agents and installation contractors, also have a
natural vested interest in mechanization. Large agencies, such as the BADC,
have been established to implemer.t the mechanization policy in which they
have developed a vested interest, and these bodies have also opposed manual
irrigation. An indication of groups who would gain and lose from such
changes in irrigation policy are given in the following Pay-Off Matrix
(table 3.7).

The mechanized irrigation programmes have been successful in realizing
a rapid increase in irrigation coverage and production. These programmes
were supported by those groups who benefit from them, and who oppose
alternative policies. It would be politically naive to imagine that similar
conflicts of interest will not exist in the future. What we have tried to do
in this paper is to draw attention to the way in which the narrow interests
of different groups ir aid agencies and local institutions can influence the
choice of technology. In the case of irrigation in Bangladesh this has resulted
in the promotion of inappropriate technologies.

NOTES

We would like to thank Gerry Foley, Frank Beran and Frances Stewart for comments
on an earlier draft of this chapter.

1. For a recent reader on appropriate technology which reviews much of the
literature, see Carr, 1985.

2. These issues are taken up in a more general way for a wide range of government
and aid agency policies in Clay & Schaffer, 1985.

3. For a review of theories which place emphasis on institutional factors and
other theories concerning the generation and diffusion of agricultural technology,
see Biggs and Clay, 1983.

4. Minor irrigation projects have command of areas less than one hundred
hectares.

5. The raw materials, such as steel and pig-iron, are imported.

6. Subsequent surveys to evaluate MOSTI sales projects have sampled only the
population of wells sold by the project; eg. Miyan, 1981, and Friedkin, 1983.

7. The per acre financial cost of the STW is slightly lower than the MOSTIL.
However, because taxes and duties are higher on MOSTI components than on
STW components, the economic cost of the MOSTI is lower than that of the
STW. The imported fuel used by STWs is subsidized.
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8. Some economists might argue that it is better for richer households to get
the surplus as their propensity to save (and then invest) is higher. However, there
is increasing evidence (Yunus, 1983) that the poor save as much from curren* incomes
as richer households if they have access to viable and reliable institutional credit
services.

9. It is not known why BADC reversed its stand. At this time BADC held a
monopoly in the distribution of subsidized agricultural inputs for which there wan
generally a good demand and, in some cases, « black market. The MOSTI project
certainly involved considerable work in a new field, but perhaps BADC ofti als also
felt that it would not be attractive to their existing client group, or there would
not be the same opportunities for patronage as in their existing programmes. It
may also be significant that the BADC is resronsible to the Ministry of Agriculture,
whereas the Ministry of Rural Development supervises the IRDP, whose MOSTI
programmes were rather more successful.

10. Thomas has made a similar observation concerning the prefercnce of foreign
donors for capital-intensive methods of constructing deep tubewells in Bangladesh
(Thomas, 1975).

11. The cost of materials for a pump and well is about US$15, and subsidies
on this amount have now been eliminated. RDRS still pays part of the artisan's
installation fee of about US$3 to ensure quality control. Total sales up to August
1984 are 21,000 units. This device is not spreading to neighboring districts.

12. A USAID official gave this as a reason for not repeating the USAID-funded
MOSTI projecct. The government may not have quite the same procedural difficulties
in dealing with the informal sector, but the fact that more than three-quarters of
the development budget is provided by foreign aid gives the donors great influence
in project selection and technology choice (de Vylder, 1982: 39-61).

13. Tllustration of the wider applicability of this diagram are given in Biggs, 1982
& 1984.
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Table 3.1
IRRIGATION IN BANGLADBSH
Area Irrigated

{in thousands of acres)

- -

Method 1960/1 1969/70 1975/6 1980/1 1984/5
—————————————————————————————————————————————— -plan-
HBCHANIZBD:
Large Scale Systems cee . 110 200 1,000
Low Lift Pumps (LLP) 70 640 1,313 1,400 2,000
Deep Tubewells (DTW) 0 120 152 550 1,500
shallow Tubewells {STW) 0 90 31 220 1,600
gu- ~otal 70 850 1,606 2,370 6,100
MANUAL:
Traditional Methods 940 1,340 1,000 1,200 1,000
Hand Tubewells (MOSTI) 0 20 6 150
Subtotal 940 1,340 1,020 1,260 1,150
TOTAL 1,010 2,190 2,626 3,630 7,250
percentage of total
arable land (a): 5% 10% 12% 16% 32%
Notes: ... data not available
{a) 22.5 million acres
sources: 1960/1 & 1969/70: adapted from Ahmed (1976: 144).
1975/76: adapted from Hanratty (1983: 17).
adapted from Howes (1984: 4) citing

1980/81 and 1984/5:
GOB:

Medium Term Food production P

lan 12.28.
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Table 3.2

NUMBER OF HAND-PUMP TUBEWELLS IN BANGLADESH
(1983 eatirates)

Public Drinking Wells 600,000
Frivate Driniking Wells 300,000
Private Irrigation Wells 200,000

Total 1,100,000

Sources: Baumann & Puller, 5984: 6.

Table 3.3
COVERAGE OF TUBZWELLS

1975/76 1980/81 1984/85
Method (Actual) (Actual) (Target)
SBALLOW TUBEWELL
Number of units 5.,179 23,400 130,000
Acves per unit 6.0 9.4 12.3
Total acres 31,000 220,000 1,600,000
HAND TUBEWELL - MOSTI
Number of units 40,000 120,000 500,000
Acrea er unit 0.50 0.50 0.33
Total acres 20,000 60,000 150,000

Sources: Data for 1975/76 ara from Hanratty (1983: 14,7). Other
figuires are cited by Howes (1984:4) from various government
publicaticns.
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12,

13.

14,

CHARACTERISTICS OF TUBEWELLS

Pump type
Power supply

Well pipe:
Diameter:

Well depth
Discharge
Purchase cost*
Installation cost*
Total investment*

Irrigation area*

Investment cost/acre*

Fuel & maintenance
Tk./acre/sesson*

Unskilled labour
days/acre/season*

Labour Costs
Tk./acre/season

Total running costs
Tk./acre/season

Average estimates; prices a
including taxes and subsidies.

Table 3.4

Shallow Tubewell
Centrifugal pump
Diesel 5-7 up

G.I. pipe
75 - 100 mm
15 - 45 m

200 - 300 GpM
Tk. 30,000
Tk. 2,000
Tk. 32,000

10 acres
Tk. 3,200
Tk. 600

Tk. 80

Tk. 680

Table 3.5

re estimated f
(US$1=Tk.25)

or the 1983 dry season,

MOSTI
Band-pump
Manual

G.I. pipe
40 mm

8 ~20m
8 - 10 GpM
Tk. 1,750
Tk. 50
Tk. 1,800
0.5 acres
Tk. 3,609
Tk. 300

160

Tk. 1,600

Tk. 1,900

THE UNICEF ~ TRDP MOSTI PROGRAMME 1975-79

Year

1978/79

Total

- e

80,000

- ——

- -


http:US$l=Tk.25

Figure 3.1 Technology policy determinants diagram:
Manual irrigation in Bangladesh

COMMERCIAL INTERESTS AID AGENCIES
5a. Consultants N la. UNICEF
5b. Manufacturers NN\ 1b. USAID MOSTI programme
Sc. Contractors \\\Lj le. USAID STW programme

(4
DEVELOPMENT & DIFFUSION OF
LABOUR~INTENSIVE
IRRIGATION TECHNIQUES

RURAL INTERESTS GOVERNMENT AGECHCIES
la. Richer Farmers /,7:} “J 2a. Agricultural Development Co.
1b. Poorer Farmers v/ .| 2b. Water Development Board
lc. Landless /s Y 2c. I.R.D.P.
A4
LOCAL R&D INSTITUTION
3a. Bangladesh University 3b. Rangpur & Dinajpur
of Engineering & Technology Rehabilitation Service

Note: The width of the arzow indicates the relative strength of a
specific institution or interest group. A positive influence is

shown by a solid arrcw and a negative influence is shown by a broken
arrow.
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Table 3.6

GROWTH OF IRRIGATED AREA

(in thousands of acres)

Method

MANUAL METHODS

MECHANIZED METHODS

Traditional
MOSTI H

Subtotal

TOTAL

Sources: See Table 3.1

2,
3a.
3b.

4b.
4c.
44,

5b.

- - e

-

Table

3.7

1980/81 Increase

Area (%)

1,200 ~(140)
60

1,260 (35) -(80)

2,370 (65) 1,520

3,630 (100) 1,440

IRRIGATION TECHNOLOGY FOLICY
PAY-OFF MATRIX

positive benefits: ++
negative benefits: --

Interest Groups

International Aid Agencies
Irrigation Departments
Mechanized R&D Projects
Appropriate R&D Projects
Large Peasants

Small Peasants

Landless Peasants

Rural Artisans/Workshops
Installation Contractors
Equipment Manufacturers

Distribution of Benefitsg

Mechanized Manual

Irrigation Irrigation
++ -
++4 -
++4 ——
—-—— ++4
+++ -
- +++
+ ++4+
+ +++
e ——-
+++ ———




Four

Changes in Small Farm
Paddy Threshing Technology
in Thailand and the Philippines

Bart Duff

1. INTRODUCTION

Threshing is the finai operation in the production sequence. In most small-
scale rice production systems, it is also the point where benefits are shared
among farmers, labourers, landlords and creditors. Over long periods, sharing
arrangements have been developed in most cultural systems which ensure
partitioning of the crop among those whose resources (lsbour, land and
capital) have produced it, including those within the community who have
no access to land. The introduction of new technology tends to disrupt
these arrangements and new systems of sharing emerge to replace oldr
forms. As Hayami (1981) and Kikuchi (1979) have pointed out, innovations
may raise production levels, but the gains often create pressures to redivide
the crop shares.!

Seeking to maximize shares initiates a process of adjustment among those
who own productive resources such as labour. The final equilibrium depends
on such factors as the relative economic power or position which each
group holds in the village or cotnmunity, alternative employment oppor-
tunities, and the strength of established kinship relationships between
groups. These factors in turn interact with economic variables in determining
the speed and extent to which new threshing technologies are adopted.

In both Thailand and the Philippines there has been a rapid shift from
traditional to mechanical threshing techniques over the past ten years. The
technical basis for this change was the development and extension of the
axial flow thresher by the International Rice Research Institute in the
Philippines. The story of the machine’s development and promotion through
an international network of public institutions and private manufacturing
enterprises provides the first major focus of this study. Of particular interest
are the factors which persuaded the Institute to invest resources in engineering
development activities.

95
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A second theme examines the output and distributive effects of the
mechanical thresher on farmers, hired labour an4, through backward linkages,

A third section examines policies and public sector programs which have
affected acceptance and diffusion of the axial flow thresher. In addition to

II. STUDY DESIGN

To evaluate the adoption patterns and the farm-level impact of the axial
flow threshers, field surveys of thresher owners, users and non-users were
undertaken at two sites in the Philippines and two sites in Thailand (ﬁgu_re

the Philippines (Ebron and others, 1985). These special surveys were
supplemented by interviews with thresher manufacturers (Mikkelsen, 1984),
reports obtained from engineers (Khan, 1983; 1985), financial institutions
(Reyes, 1985) and national and international organizations actively supporting
agricultural engineering design and development activities,

IIl. DEVELOPMENT OF THE AXIAL FLOW THRESHER

IRRI Machinery Program

Beginning with special project funds in 1967, engineers at the International
Rice Research Institute (IRRI) focused on the design of equipment specifically
tailored for small rice farmers (Duff and others, 1981). The rationale for

small, iow-cost farm machinery was that private firms in most rice producing

The fabrication of simple farm equipment in Third World countries is
carried out by small and medium-scale companies, usually servicing a very
localized market and using designs copied from competitors or from imported
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models. New innovations which demonstrate ready market acceptance and
which are easily fabricated are quickly emulated by others. Unless the design
is complex, uses unusual materials or methods in its fabrication, or has a
tightly circumscribed market, there is little an innovator can do to protect
the design from being copied or to capture or restrict the benefits from
its use,

Public sector engineering R & D investments by national agencies and
academic institutions in the Third World have a poor achievement record
(Blackledge, 1974). In almost all cases, such efforts are out of touch with
the needs of end users (small farmers). Conversely, reliance on imported
equipment from the developed countries is often both expensive and
technically inappropriate to the requirements of small two to five hectare
rice farmers. Also, before the 1960s, markets for farm equipment were
severely limited by the low productivity levels and low investment potential
of small farms. Beginning in the late 1960s, biochemical technologies which
raised yields substantially improved the productivity of cost-saving, output-
increasing devices.

Early proponents of the IRRI engineering program also asserted that
the rapid spread of modern varieties, with attendant increases in yields and
expanded multiple cropping, stressed available human and animal power
resources. Against this background it was argued that the use of mechanical
power would complement land and water resources and supplement labour
and animal power.

The objective of the IRRI program was to provide local manufacturers
with technical support and equipment designs with strong commercial
potential. The machines were designed to be fabricated using simple, labour
intensive techniques, local materials and labour and to be operated and
maintained with a minimum of training and mechanical infrastructure.
Because of this commercial orientation, over nearly 10 years IRRI evolved
an operational procedure which included assessment of farmer needs and
specification of product design parameters followed by design, development,
testing and industrial extension (figure 4.2). IRRIs global mandate meant
addressing a very wide range of technical and socio-economic conditions,
with the inherent danger of diluting the program’s focus. At an early stage,
therefore, a decision was made to design and develop the machinery for
rice farmers with the investment capability to use mechanical innovations
profitably. Lowland, irrigated farms were the initial target market.

The program also trained engineers from private firms and national
agencies with whom the Institute collaborated in developing local extension
programs. The ultimate goal was to institutionalize the design and devel-
opment process in local agencies.? Major collaborative programs involving
the placement of personnel and commitments of significant funding resources
were established in Bangladesh, Thailand, India, Egypt, Pakistan, Burma,
Indonesia and the Philippines.
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The Axial Flow Thresher

Work on the design of threshing machines at IRRI began in 1967 (Khan,
1985). At the outset, development focused largely on converitionai threshing
concepts. In 1970, the investigation shifted to the axial flow principle (figure
4.3) which offered two distinct advantages over conventional concepts: (1)
the machine could effectively handle wet materials; and (2) the spiral movement
of material along the axis of the threshing drum produced a vigorous
threshing action with extended exposure and a high separation efficiency.
The concept also resulted in a compact mechanism requiring no complex
parts or special materials (Ilyas, 1980). The axial flow concept appears to
have originated in Japan {Kishida, 1985), although variations on this principle
have been used for rice milling and cleaning equipment for many years and
have more recently been extensively adapted for large combine harvesters
in the United States, Canada, Australia and Western Europe.

A finished design was released to Filipino manufacturers in 1974. This
was quickly modified and multiplied and, after a short period of debugging,
rapidly became a major commercial product.The initial model had a capacity
of about one ton per hour. It was mounted on rubber tires and was normally
pulled to the threshing locarion by jeep or water buffalo (figure 4.4a). After
a series of field studies in Central Luzon, the need for a lighter, mors
mobile unit for easy access to interior fields was identified and a portable
version (figures 4.4b and 4.4c) was developed (Toquero and others, 1985;
McMennamy and others, 1978).

Since 1976, the basic design has remained essentially unchanged. Re-
finements have been incorporated to improve cleaning and separation
efficiency, increase capacity (Mongkoltanatas, 1985), extend utility for thresh-
ing wheat and corn (Khan, 1985), and tailor manufactuting requirements
for local capabilities (Reddy and others, 1985b). By 1985 over 200 manu-
facturers in 18 countries entered production with the axial flow design.

IV. DISSEMINATIGN AND ADOPTION

Production of the Axial Flow Thresher

Statistics on the production and sale of the axial flow thresher are incomplete.
There are, however, data available from the IRRI extension network which
enumerate the production and sale cf threshers produced by cooperating
manufacturers in several countries. These data underestimate the real volume
sold because the design was freely copied by numerous firms having no
formal association with the IRRI program. It is estimated that this under-
counting might be as high as 50 percent in the Philippines and Thailand.
Information presented in figure 4.5 illustrates the rapid take-off of the design
in the Philippines and, with a lag of about one year, in Thailand. Sales
rose steadily in the Philippines and Thailand until 1952 when world economic
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conditions dampened economic growth and raised inflation levels. Devaluation
in both countries raised the cost of imported parts and the cost of threshing
equipment. Despite the unfavorable investmnent climate, manufacturers in
both countries continued to produce and farmers continued to buy the
threshers in significant numbers in the mid-1980s. Fewer, but significant,
numbers of the machines have also been sold in Egypt, Indonesia, Sri
Lanka, Nepal, and India. Prototypes have been shipped and/or produced
in Honduras, Pakistan, Ivory Coast, Ghana, Colombia and Mexico. By 1984,
nearly 55,000 units had been built by cooperating firms.

Adoption Patterns

Manufacturers were quick to recognize the profit potential of the axial flow
thresher. The design spread rapidly from a handful of firms in 1975 to
over 70 widely dispersed firms in the Philippines in 1985.3> The number of
firms participating in the IRRI program in Thailund was fewer, but the 20
companies fabricating the thresher in 1985 were larger and had more highly
developed marketing channels than their Filipino counterparts.

Philippines

Mechanical threshers have been used in the Ceantral Luzon region since
the 1920s (Kikuchi and others, 1979). These machines, locally known as
“tilyadoras”, were similar to the McCormick stationary thresher used in
the United States at the turn of the century. The threshers were owned
by large haciendas and used as a mechanism for consolidating the rice crop
at harvest time. All tenants were required to thresh their crop with the
machine at which time the landlord extracted his share. Technically, the
“tilyadora” is a heavy, cumbersome machine, requiring harvesting, consol-
idation and stacking of the crop several weeks before threshing. Labor
requirements were high and the recovery efficiency of the design was low.
The machine also performed poorly when threshing wet paddy.

With land reform in 1972, farmers in Central Luzon reverted to hand
threshing, largely by hired and exchange labour (Ebron, 1984). In other
areas of the Philippines, paddy threshing remained largely a manual operation,
although a number of locally fabricated, small threshing rachines were
used in Bicol and Mindanao as early as the 1960s. During the late 1960s
and early 1970s, expansion in irrigation facilities coupled with widespread
adoption of short season varieties increased double cropping and raised
yields. These changes also increased harvesting and threshing labour re-
quiremeants, although less than proportionate to the increase in production.

Table 4.2 illustrates adoption patterns of the axial flow thresher in Laguna
province. Yields doubled from 1965 to 1978. Per hectare labour for harvesting
and threshing increased slightly until 1978 which, with increasing yields
and a constant crop share, meant labour productivity also increased. With
the introduction of the large axial flow threshers in 1975, labour inputs
decreased in 1978 but returned to near pre-thresher levels in 1981.
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Demand for axial flow threshers in the Philippines is divided between
the portable machine (found principally on Panay Island) and the larger
version which is widely used for contract work in Central Luzon and Laguna
(higure 4.6). A few portzble machines were acquired in Laguna, but principally
by individual farmers whose highest priority was threshing their own crop.
Contract work was a secondary consideration (Bordado, 1984).

IRRI introduced the portable axial flow thresher to Iloilo province in
1976 (Juarez and others, 1981). In this area all threshing had been done
using a traditional foot treading method. Introduction of the improved
varieties, followed by the development of irrigation set the stage for the
mechanical thresher (figure 4.7). Use of the new varieties in Iloilo increased
both yields and incomes, thus raising the investment potential of farmers.
Irrigation permitted double cropping which tightened the time constraint
between crops and raised incomes further. Similar to the pattern found in
Laguna, portable thresher owners in lloilo were individual farmers whose
first concern was using the machines on their own farms.

In villages where machines were purchased, adoption rates were rapid
and nearly complete. Since 1978, off-farm use for contract services has also
become important in Iloilo, Thresher owners in Hoilo, Laguna and Central
Luzon all used their machines in custom threshing operations {Ggure 4.8).
Portable machines were used for contract work less than the larger units.

In the Philippines, almost all threshers were produced by a relatively
large number of small firms selling in a localized regional market. By the
early 1980s, manufacturing the larger axial flow threshers was in the hands
of two or three firms.

Thailand

Introduced into Thailand in 1975, the axial flow design was quickly adapted
to local conditions by manufacturers who aggressively promoted the machine
in the irrigated rice producing areas (Pathncpas, 1980), Adoption by farmers
was also rapid. The Thai market was exclusively for larger units which
were used almost entirely for contract work (Krishnasreni, 1981; Mong-

thresher until output capacity was three to four times that of the original
design. Because most threshing is done on a contract basis, improved mobility
was also a major aim of the adaptation process. Today the threshing mechanism

rapid movement over appreciable distances.

By 1975, farmers in Thailand had already widely adopted two and four-
wheel tractors for land preparation and low-lift pumps for supplemental
irrigation (Sukharomana, 1984). Spread of the high yielding varieties was,
however, limited largely because of poor grain quality, a factor of great
importance in the Thai export market. Rice farms in the Central Plain of
Thailand also were larger than their counterparts in the Philippines, and
there was continued growth in the area under cultivation (Binswanger,
1982).
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Ownership and Use Patterns

In both Thailand and the Philippines, owning a thresher was not a
requirement for using it. Contract rental service has long been a feature
of mechanical land preparation in both countries. Hence, many thresher
owners purchased the machines not only for their own farm use, but as
a source of revenue.

Figure 4.8 presents the breakdown of thresher use between own-farm
and contract services. For larger threshers, contract income was clearly
important and likely a decisive factor in the machine. In both countries,
a majority of the owners were farmers (table 4.1), although 45 percent of
the Thai threshers in Chaoengsao province and 40 percent of the machines
in the Philippine sample were owned by landless respondents indicating a
significant number were owned by non-farmers. Of the 92 thresher owners
interviewed in both countries, more than 70 percent indicated they had
acquired the machines on a cash basis (table 4.3). In rainfed areas more of
the machines were purchased through formal and informal credit arrange-
ments, but both the yields and the size of rainfed farms tended to be lower
suggesting a lower investment potential compared to irrigated farms. Credit
was also a more important requirement for rainfed compared to irrigated

farms in the Philippines.

Utdlization of Threshers

While data are rot available to examine precise thresher utilization patterns,
it has been possible to construct a descriptive profile of both use and
contract rates from field studies (Juarez, 1984; Pathnopas, 1980).

Initially, with few threshers available and no demonstrated performance
record, annual use levels were low (figure 4.9). Contract terms were on a
cash basis of $3.8 to $4.8/ton in Thailand and 5 to 9 percent of the gross
output threshed in the Philippines. Annual use levels for the large axial
flow thresher increaced steadily in the Philippines except in 1978-79 when
fuel prices rose significantly. Use levels for portable threshers have remained
nearly constant, reinforcing the earlier observation that portable machines
are used primarily for threshing the farmer’s own crop, with contract work
a subsidiary consideration. Using smaller machines is also more localized
at the village level, and owners do not solicit threshing contracts over the
wide areas covered by the larger threshers.

In Thailand, as machines increased in size, capacity, and mobility, annual
utilization increased sharply. Contract rates have not changed appreciably
since 1976.4

In both countries, the increasing stock of threshers has begun to dampen
further increases in annual use. Competition for available threshing contracts
has also mitigated further increases in contract rates despite the fact that
the investment cost of the machine and fuel prices have more than doubled
since 1975.
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V. MECHANICAL THRESHERS ANC LABOUR

In developing countries, an important policy objective is providing sufficient
agricultural employment to absorb the growing number of people living in
rural areas. Rapid adoption of threshing machines could critically affect
employment pportunities for several reasons. Threshing is one of the most
labour intensive operations. Furthermore, it is usually carried out by hired
labourers who belong tc the poorest segment of rural society—landless and
marginal farm households in the Philippines.

Payment for threshing has traditionally been harvest shares. This enabled
landless labourers to participate to some extent in the benefits of yield
increases accompanying the diffusion of the new rice technology. The
adoption of threshing machines could therefore seriously reduce the em-
ployment and earnings of landless labourers. On the other hand, theoretically,
threshers could have a positive effect on employment by reducing turn-
around time and thereby increasing cropping intensity.

Field research in Thailand and the Philippines does not support the
claim of higher cropping intensity or reduced turn-around time. Cropping
intensity primarily depends on irrigation and water control. Intensive field
studies by Toquero and others (1985) support the findings of Juarez (1984)
on the lack of intensity effects from mechanized threshing (table 4.4). While
farmers using threshers complete their threshing earlier, they do not plant
the followirig crop before others in the same village. Time of planting is
closely related to water availability and the need to synchronize crop
establishment with others to minimize problems of rodents and pests.

Manual harvesting and threshing require approximately 30 labour days
per hectare. The large axial flow thresher performs both threshing and
winnowing, and although about four labour days per hectare are required
to operate the machine, total labour requirements for post-production
operations fall to 20 days per hectare, a decline of about 33 percent (Toquero,
1985),

Results from surveys in Nueva Ecija, Philippines, show post-production
labour on mechanized farms is 25 percent lower than on farms in which
the paddy was manually threshed (table 4.5). Disaggregated into family and
hired labour the data reveal that use of family labour was marginally higher
on mechanized farms compared to non-mechanized farms. Hired labour,
which comes mainly from landless houscholds, declined by 31 percent. This
is consistent with results of a multivariate regression analysis which revealed
threshing mechanization as the most important factor accounting for farm
differences in post-production labour (Sison and others, 1985). Output had
a positive impact on labour use. Its effect, however, was small compared
to that of mechanization.

Farmers in both Thailand and the Philippines employed a range of
threshing methods. In Lloilo, foot treading from an elevated platform was
the most prevalent method. In Laguna, hand beating over a bamboo frame
was used. In Thailand, driving water buffalo or a tractor over the crop
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was used to separate grain from the straw. Winnowing was normally
performed with a straw basket or wooden fanning mill.

Labour requirements for traditional methods differed markedly from
mechanized threshing. The highest labour requirements and lowest labour
productivity were in foot treading (Iloilo) and buffalo treading (Thailand).
As shown in table 4.6, the mechanical thresher increased labour productivity
by a factor of two to four in Thailand and up to nine times in the
Philippines.

On an aggregate basis the mechaaical thresher reduced labour requirements
by about 25 percent in the threshing operation (Smith and others, 1983).
For the Philippines, the impact appears to have been most sharply felt by
hired labour. The evidence from Thailand is not clear. Less hired labour
is used in the traditional threshing operations than in the Philippines and
the overall estimate is that mechanical threshers reduced both family and
hired labour by 10 percent (Pongsrikul, 1983).

Economy-wide Employment Impact

For the Philippines, Ahammed and Herdt (1985) used a general equilibrium
model with an input/output core to estimate the nationwide employment
implications of increasing rice production using alternative production
methods. If manual threshing were used to increase rice producticn by 1
percent, employment in the agricultural sector would increase by 16,000
man-years. The employment effect would be 22 percent lower (12,400) if
portable threshers were used.

Ahammed and Herdt estimated the impact of alternative threshing
methods on non-agricultural employment by integrating backward and
forward linkages. Domestically produced threshers would generate employ-
ment in the manufacturing sector. Increased rice output would have a
positive effect on employment through consumption linkages. Taking all
sectors into consideration, substitution of manual with mechanized threshing
would reduce the employment generating potential of increased rice pro-
duction by about 7 percent (table 4.7).

Although Ahammed and Herdt pointed out that ignoring non-agricultural
sectors might result in over estimating the labour displacing effect of
machines, it is important to bear in mind that the poorest segment of
society lives in the rural areas.

Mode of Payment

Payment for threshing has changed in Thailand and the Philippines since
the introduction of the thresher. In Thailand, wage payments to individuals
have shifted to cash payments to thresher owners. Rates were $7.0 to $9.6/
ton for tractor or animal methods and $2.8 to $4.8/ton when using a
threshing machine. As noted earlier the rate for machine threshing has
not increased since 1980, largely because more threshecs are vying for
contract services.
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In the Philippines, more complex adjustments took place. Farmers using
manual methods previously paid a combined share of the crop for harvesting,
threshing and cleaning, usually about 12 to 17 percent. With the introduction
of the thresher, the share formerly paid to threshing labour shifted to
thresher owners and operators. The arrangements differ slightly between
regions, but the normal fee was 3 percent of the crop. Under this
rearrangement in sharing rates, labour received a smaller portion of total
output. Combined with incieases in the agricultural labour force and
increasing ownership and operational costs for threshing equipment, there
has been a decline in labour’s share from one-eighth to one-twentieth of
the crop in some areas of Central Luzon.

Since the introduction of the machines, threshing fees have risen in the
Philippires and fallen slightly in Thailand. The crucial issue is how the
introduction of threshing machines has affected threshing labour, particularly
hired labour.

Landless Labor

Most hired labour for post-production operations in the Philippines comes
from the landless ¢ » estimated to be as high as 20 percent of rural
households in 1984 (Ebron and others, 1985). Workers from the landless
class contribute over 50 percent of the labour used for harvesting and
threshing. Add small farmers with less than 0.5 hectare of land, and over
80 percent of annual income for landless workers and small farmers is
derived from post-production operations.

A study of landless workers in a thresher-using area of Central Luzon
revealed several non-income benefits of threshers (Ebron, 1984). Mechanized
threshing considerably reduced the arduousness of post production oper-

children to participate in post production activities compared to the pre-
thresher period (figure 4. 10). Most of the labourers stated, however, that
labour was in excess supply at harvest time and that they feared increased
mechanization would further reduce earnings.

Wage Rates

In countries with surplus agricultural labour, the introduction and use of
machines normally exerts a downward pressure on real wage rates. In the
Philippines, the agricultural labour fo:~e is projected to grow at 1 percent
per annium (David, 1983) while in Thailand it has expanded at about 1.5
percent over the past 15 years (Binswanger, 1982). In the Philippines, real
wages in agriculture have be:n declining and were significantly lower in
1985 than during the mid-1960s, During the same period, the real price of
agricultural machines rose with the largest increase during the past five
years (figure 4.11),

Evidence describing agricultural wages in Thailand show real wages
increased steadily during the late 1960s and through the 1970s (figure 4.12).
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There was a decline during the early 1980s when t¢he global economic
recession dampetizd growth.The upward trend appears, however, to have
resumed in the mid-1980s.

For the Philippines, it could be argued that seasonality in agricultural
wages cannot be ignored. Labou~ shortages at harvest time might co-exist
with a labour surplus during the rest of the year. Data on harvesting and
threshing wages in Laguna shows real wages increased prior to the intro-
duction of the thresher (that is, up to 1975), and labour demand at harvest
time was increasing more rapidly than supply. The widespread adoption of
mechanized threshing since 1978 was accompanied, however, by a steady
decline in real wages which in 1981 were below the level prevailing in 1965
(table 4.8).

The decline in reait wages for threshing in the Philippines should not,
however, be too closely tied to the introduction of thresking machinery.
Real wages also fell for other operations in the rice production system and
in the industrial sector during this period. The implicztion drawn from
analysis of the wage data is that expansion in employment opportunities
has not kept pace with the rapid increase in the agricultural labour force.
In addition, while adoption of mechanized threshers may not be directly
linked with the decline ir. real wages, substitution of capital for labour
under a falling real wage clearly reduced the income from threshing of
workers in rice post-production activities.

Income Shares

Using the concept of factor shares in which the total value of production
is partitioned according to the contribution of individual production factors,
it is possible to distinguish change in the distribution of income for farms
which used the thresher from non-user farms. In Laguna, use of the thresher
reduced labour earnings by 6 percent overall (table 4.9). The share of
earnings for unskilled (hired/landless) labour, however declined from 33 to
23 percent. The major beneficiaries have been the increased shares to capital
and to the farm operator.

In both Thailand and the Philippines, use of mechanical threshers reduced
labour requirements significantly from traditional levels. The effect on labour
wes different in each country. In Thailand, with an expanding land frontier,
a small landless worker class, and a rising real wage in agriculture, using
threshers was both economically efficient and timely. Rice production
increased at an annual rate of 3.8% during the three decades from 1955.
Nearly 75 percent of this increase resultea from an expansion in areas
under rice cultivation (Barker and others, 1985). During this same period,
the available land per agricultural worker increased at nearly 2 percent per
year. Under these circumstances, the introduction of threshers along with
tractors and water pumps increased labour productivity, sustained increases
in rice production and had little or no inimical impact on the level or
distribution of rurii incomes.
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In the Philippines, growth in rice output since 1967 averaged nearly 4
percent, with nearly 80 percent of the increase attributable to higher yields
and the remainder to area expansion, primarilv increases in paddy land
under irrigation (Barker and others, 1985). While nominal wages rose, the
real wage rate in agriculture %i! continuously since the 1960s. This was
paralleled by a fall in the land/tabour ratio caused by an increase in the
agricultural labour force and little or no growth in cultivated areas. Under
these circumstances, using mechanical threshers limited increases in rural
employment opportunities and decreased hired labour income. Ina succeeding
section, we review governmens policies which made adoption of threshing
equipment attractive to owners and farmer-users in spite of falling real
wages.

V1. PRIVATE PROFITABILITY

In this section the financial or private prefitability of the axial flow thresher
is examined from two perspectives. The first is ti - farmer who does not
own but uses the thresher on a contract basis. In this instance, it is the
reduction in cost aud increased output from using the machine compared
to traditional techniques which determines the level of benefits. The second
perspective is that of the machine owner. The contract rate, annual use
level, investment cost, price of fuel and the price of paddy rice determine
the rate of return on investment in the thresher.

Yield Effects

An important benefit of thresher use is that it enables the farmer to recover
a higher proportion of the yield from the harvest. Theoretically, manual
threshing could be equally thorough. In practice, however, labourars tend
to terminate the threshing operation prematurely. Grain remaining with
the straw is then appropriated by gleaners, usually elderly relatives or
children. Gleaninyg is highly lucrative and there are claims that diligent
gleaners can appropriate up to 10 percen: of the harvest (Goodell, 1979),
In this situation the thresher is a substitute for additional labour supervisors
(Smith, 1983).

In addition to losses caused by lebourers working without adequate
supervision, the thresher has certain technical advantages over manual
threshing methods. It reduces losses caused by repeated handling of both
threshed and unthreshed materials. Winnowing and cleaning are an integral
part of the axial flow thresher.’ The effect of these factors has been
meticulously measured in on-farm experiments comparing handling, thresh-
ing, and winnowing losses from rnanual and mechanized methods (table
4.10). There is consistent evidence of a reduction in grain losses ranging
from 0.5 to 1.6 percent or a et savings over traditional threshing of 0.7
to 6 percent of the total yvield. In Thailand, the yield effect of reduced
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losses was insignificant compared wich tractor and buffalo treading. Grain
quality under the two techniques was also compared (Toquero, 1985). The
only significant differences when using the machine were a 2 percent decline
in impurities and a slight increase in the jcrcentage of fermented grain.

Contract Services

Farmers renting threshers are concerned with the comparative costs of
traditional and mechanical methods. Other reasons frequently cited for using
the machines included lower losses (in the Philippines), less supervision of
labour, less handling prior to threshing, and quicker completion of the
threshing task. Of these, only the yield effects and contract rates are included
in the analysis of financial returns to thresher users.

Table 4.11 lists harvesting and threshing contract rates in the Philippines
and Thailand. In the Philippines sharing rates for both traditional methods
and machines did not change in Iloilo between 1978 and 1983. In Laguna
province, rates for machine threshing increased from 7 to 9 percent and
manual threshing was virtually elimirated.

Of particular interest are the increases in total shares for all combinations
of harvesting and mechanical threshing in Laguna, Iloilo and Nueva Ecija.
Farmers using threshing machines continued to pay labour at or above the
traditional rate for cutting and bauling the crop (harvesting). In Laguna,
the tarvester’s share increased from 6.9 to 10 percent in 1983. Comparing
traditional and mechanized threshing, there was an overall increase in the
total harvesting/threshing share from 12.5 to 17 percent in 1978 and from
12.5 tc 19 percent in 1983. No similar changes in sharing arrangements
were observed in Iloilo, and only a 1.4 percent difference existed between
traditional and mechanized systems in Nueva Ecija.

Part of the explanation for Laguna farmers’ acceptance of higher post-
production costs lies in the increased output from using the thresher. A
second reason not explicitly obvious in table 4.11 is the rapid urbanization
over the past decade of Laguna province, which is close to Metropolitan
Manila. By 1985, most traditional threshing had disappeared ir. Laguna as
workers moved to jobs in nonagricultural indust;+

Charges for traditional threshing techniques - to be higher than
machine rates in Thailand. The major difference in the . aancial profitabilicy
of the thresher between the two countries is that Thai farmers benefited
primarily from the reduced costs of machine threshing compared to traditional
methods while Filipino farmers have had the added advantage of reducing
grain losses.

The analysis presented in table 4.12 indicates that Thai farmers using
the axial flow thresher are able to increase revenues by $2.84/-on compared
to traditional methods or $62 per farm, per season.

In the Philippines, the total cost of harvesting and machine threshing
.+ higher in Laguna and lower in Iloilo than traditioral methods. The cost
of machine threshing increased from 1978 to 1983 in both regions. Despite
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higher costs, however, farmers renting the machine were able to realize an
increase in revenue of $2.23 to $5.79/ton because of increased grain yields
and/or reduced costs. The advantage aver traditional threshing narrowed
slightly in 1983 in Laguna when contract rates for machines increased from
7 percent to 9 percent.

Thresher Owners

In Thailand, machines thresh nearly three times as much grain per year
as similar units in the Philippines. Despite higher initial investment costs

Thresher owners in the Philippines have lower use levels resulting in
longer payback periods and lower benefit/cost ratios than found in Thailand.
Portable threshers in Laguna showed low returns in 1978. This observation
was made, however, shortly after introduction when use levels were quite
low. Both the portable and large machines operating in Laguna improved
financial performance in 1983, The portable thresher operating in irrigated
areas in Iloilo gave very high returns in 1978 although machines in rainfed
areas were not as attractive, primarily because of Jow annual use levels,

The comparative performance of threshers in both countries is summarized
in figure 4.13. While not shown in the figure for Thailand, breakeven levels
have increased since 1978 as machines have become larger and initia]
investment costs have increased (Mongkoltanatas, 1985). For the Philippines,
average annual use levels were sufficient to ensure profitability, although
financial performance differed by region and by machine type. With the

It is clear from this analysis of empirical use and cost data that the axial

VII. PUBLIC SECTOR INTERVENTION

As noted, the mechanization of rice threshing is privately profitable in both
Thailand and the Philippines. The rapid growth rate in the adoption of
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the IRRI threshing technology supports this finding. At this juncture, we
ask—do government policies and programmes make mechanization artificially
profitable? If so, which policies?

Table 4.14 lists the policies associated with farm mechanization currently
active in the Philippines and Thailand. In both countries, there is little
evidence of direct government intervention affecting decisions to develop,
purchase or adopt rice threshers or most other forms of agricultural
mechanization. In neither country was there a clearly articulated policy
relating to technology design or transfer of farm equipment.

Although there are few specific policies to promote mechanization in
general or rice threshing in particular, government was influential indirectly,
through policies affecting trade, exchange rates, credit, and interest rates.
Price supports for rice in the Philippines and levees in Thailand also
indirectly affected the profitability of mechanization. Each of these policies
influences the relative costs of cepital and labour.

In the Philippines, the World Bank has provided a series of four credit
lines since 1965 totaling US$76 million (Reyes and others, 1985). These
loans, however, benefited primarily those purchasing four-wheel tractors
used in both sugar and rice production. To a lesser degree, imported two-
wheel walking tractors for rice cultivation were also financed during the
early years of this programme. Beginning in 1975, however, most. two-v/heel
units were inade locally and purchased with farmer funds (see table 4.15).
Very few paddy threshers were acquired through formal financing arrange-
ments (Juarez, 1984).

In Thailand, the government has taken a generally laissez faire attitude
towards small farm mechanization. There have been no formal credit
programmes to finance rice threshers, although most dealers provide in-
stallment credit to purchasers, although at commercial rates (Chancellor,
1983). Thai farmers also utilize commercial bank credit more often than
Filipino farmers purchasing threshers (table 4.16). Farmers in the Philippines
use more informal credit facilities or finance the machines from private
resources compared with thresher owners in Thailand.

VIIL. PUBLIC INVESTMENT IN ENGINEERING
RESEARCH AND DEVELOPMENT

The axial flow thresher design was the result of development activities
conducted by the International Rice Research Institute (IRRI).The transfer
of this technology was also strongly supported by the extension and training
activities of the Institute.

Limited social cost analysis by Smith (1984) and Sukharomana (1983)
suggests that if the total impact of the costs and benefits from using the
thresher were quantified, the design would produce a net social benefit in
both Thailand and the Philippines, although in each case, especially the
Philippines, this conclusion depends on how the incomes of different groups
are weighted.
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IRRIs provision of ‘free innovation’ lowers the price of machinery relative
to labour. If private manufacturers had shouldered the development costs,
these would undoubtedly have been Passed onto the consumer in higher

stitution in consumer goods and automobiles,

This effect is reinforced by poor enforcement of Patents in each country.
In addition, the design, though costly to develop, is extremely simple and
therefore easy to copy. This makes it diffcult for private entrepreneurs to
capture the gains from innovation,

At a time when the labour absorptive performance of domestic manu-
facturing has been disappointing and labour demand from: the Middle East
is approaching the saturation point, should IRR] be developing machinery
which reduces labour demand in the agricultural sector? This question
cannot be answered until the efficiency and equity effects of threshers have
been more accurately quantified. Futhermore, IRRI’s machinery development

labour displaced in Thailand comes from farming households which benefit
from the greater efficiency of mechanized threshing.

Under a laissez faire policy, the theory of induced innovation predicts
that machinery development wil] arise, without government intervention,

impeded by distortions in the incentive structure, a gradual dismantling of
distortions may be a more effective long run strategy than public support
for agricultural machinery. This finding will, however, clearly be dependent
on the impact of the machinery on costs and benefits.

A secondary benefit from the IRRI small machinery program has been
its impact on research and development of manufacturers participating in
the industrial extension program. These companies are given design infor-
mation, training and technijra] support in the initial stages of fabricating
IRRI designed equipment. A question frequently asked is whether depen-
dency on outside assistance lowers innovation and inventiveness of partic-
ipants compared with firms that are not in the program,
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In a carefully researched study, Mikkelsen (1984) gathered information
from a sample of 56 metal fabricating firms throughout the Philippines.
Twenty-seven firms were participants in the IRRI Industrial Extension
program; the remainder were not. By using the number of patents and the
number of modifications made as a measure of innovativeness, Mikkelsen
demonstrated that far from becoming dependent on IRRI, these firms
exercised considerable initiative and ingenuity to enhance their products.

Because IRRI does not provide exclusive manufacturing rights to a single
firm, each cooperator in the IRRI prcgram attempted to improve and
differentiate his machine from others fab:icating the identical IRRI design.
During 1975 to 1983, 18 firms in the IRRI program filed patent applications.
Over 50 percent of these were utility patents consisting of modifications
to the original IRRI design. Only two were for inventions. In contrast to
the nonparticipants in the sample this represented a significantly higher
level of innovativeness. In addition, the longer firms were associated with
the IRRI program, the more modifications were introduced and the more
research and development activities were internalized. According to Mik-
kelson, “ . . . we find that IRRI research has augmented private invention
without reducing it, and possibly even increased the level of inventior. in
its cooperating firms.”

IX. CONCLUSIONS

The development and extension of the axial flow thresher has clearly been
a success in the Philippines and Thailand from the point of view of private
profitability to farmers, as judged by its widespread adoption. Its social
effects have also been unambigucusly positive in Thailand; but in the
Philippines its positive effects on output have been accompanied by reduced
employment and labour’s share of output.

What lessons can be learned from this case study of engineering innovation?

General Findings

1. Proper engineering design and developraent activities require a sustained
commitment of resources with a well focused and identified need.

2. An integrated approach involving market assessment, product planning,
design, testing and extension is needed for innovations to be successfully
marketed.

3. Rural hardware development requires a clear perception of farm-level
production and post-harvest systems.

4. The most viable environment for engineering R & D will be countries
in which sustained agricultural development is underway; where lack of
patent or legal instruments acts as a disincentive to initiatives by individual
firms; where the farm equipmert industry is fragmented, composed of small,
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undercapitalized firms and where the social opportunity costs of resoutces
are in reasonable balance with private prices.

Specific Findings for Axial Flow Thresher

1. The purchase and use of the thresher has been most successful in
Thailand, followed to a Jesser degree by its accentance in the Philippines.
Larger farm size, an expanding land frontier and the relatively higher
opportunity costs of labour have made the machine an attractive investment
and = viable alternative to traditional threshing in Thailand.

2. The major incentive for adopting thé thresher is the effect it has on
costs. Evidence from the Philippines indicates some inc: sase in yields through
lower grain losses. In the Philippines, the major source of savings has been
the reduction in harvesting-threshing shares formerly pzid to labour. Landless
labour has been reduced slightly, although the participation rates for women
and children have increased following introduction of the threshe:.

3. The private profitability of the thresher is very high in both countries
particularly in the early years following release of the design. Over time,
the contract rates charged for mechanical threshing have stabilized at an
equilibrium level approximating the cost of traditional alternatives available
in each country.

4. Adoption of the axial flow design by private manufacturers was rapid
in both countries, a result of the IRRI intensive extension effort to
demonstrate and promcte the design and to provide technical assistance
and training to firms cooperating with the program.

5. Individual manufacturers have been quick to innovate and modify the
design, principally to differentiate it from similar machines produced by
other firms. This process has stimulated a higher level of inventiveness and
innovation among cooperating firms compared to noncooperators.

6. There is little evidence of direct government intervention in the farm
machinery industry in either Thailand or the Philippines. However, the
indirect effect of policies on foreign exchange rates, interest rates, tariffs
on fuels and imported parts and the availability of credit have had little
effect on the social profitability of the threshers, zlthough there is evidence
of a significant divergence between private and social costs of the machines.
Policy instruments have subsidized threshers in the Philippines considerably
more than in Thailand.

7. It would be conjectural to speculate whether the axial flow or a similar
design would have emerged in the absence of formal resezrch and development
work conducted at IRRI. It is highly unlikely thar a design as efficient or
so widely adopted would have resulted from private sector initiatives within
the same period. The evident lack of incentives and support for private
investment in research and development on small farm machinery would
have delayed induced development of such a machine for many years.

The axial flow thresher is a clear case of a viable product resulting from
a well focused, integrated engineering design and development program
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with high accountability. Unforturately, the result is an exception among
publicly supported industrial development institutions operating in the Third
World.

The evidence in this chapter is not itself sufficient to conclude that the
support of publiz engineering development programs is warranted. In the
case of IRRI, funds allocated to engineering also had a high opportunity
cost in terms of other research endeavors such as genetic improvement,
disease and insect control, water management and training. Futhermore,
the IRRI engineering program has produced other designs which have not
had the same commercial success as the axial flow thresher. If the cost of
these projects were aggregated into an overall return to the IRRI machinery
program, benefit/cost leveis would be substantially lower than those of the
axial flow thresher examined in isolation.

NOTES

The author gratefully acknowledges the research support and data provided by Dr.
Fleurdeliz Juarez of the IRRI Agricultural Economics Department whose own research
on rice threshing technology comprises an important share of the contemporary
literature on the topic. Ms. Leonarda Ebron and Renu Pathnopas contributed
substantially to the data base used in the repcrt and to the impact study on
mecianical threshers and employment in the Philippines and Thailand. The present
analysis alsc draws liberally {from an earlier report prepared by Smith and Duff
(1984) which examines the efficiency of mechanical threshing and its impact on both
productivity and equity in the Philippine setting. Ms. Smith’s contribution is a
substantial one.

1. The details of these investigations are reported in Y, Hayami and others (1981).

2. The process described briefly here closely parallels that enunciated by Hayami
and Ruttan (1985) in which they describe technology transfer as a three phase
process, The first phase is a simple transfer of materials, for example, tractors,
combine harvesters, etc., in which local industry plays little or no role except to
assemble and service the machines. In the second phase, designs are transferred
from one country to another in the form of blueprints or prototypes. The third
and most mature state involves transfer, through development of human capital,
the capacity to design and develop technologies tailored specifically to localized
needs. The IRRI program targeted the second and chird stages of this process. In
a 10-year period, the program made available designs aimed at local markets and
crafted to local manufacturing capabilities. The program operated through national
institutions. Both short and long term training were combined with engoing technical
support at both the institutional and th-. individual firm level. Over a 10 to 20 year
horizon, the objective was io develop indigenous skills and institutionalize the capacity
to continue and extend design and development activities.

3. IRRI's policy was not to provide exclusive manufacturing rights to any firm.
This arrangement allowed the Institute to minimize the risk that a viable product
would not become commercialized because of manageinent or marketing problems
within a single firm. It also fostered competition among firms which resulted in
better quality and lower pricing to farmers. Lastly, the policy helped to initiate a
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process of innovation and a commitment to design and development within individual
firms (Mikkelsen, 1984) which improved existing products and produced new ones.

4. The value of the contract has increased in both countries as yields increased.
There is not, however, a direct relationship between yleld and the time required
to thresh a crop. Higher yields require less threshing time per ron of threshed
output than low yields,

5. Several versions of the thresher exist. In the larger models, threshing, cleaning,
and winnowing are standard features. In the portable models, the cleaning and
winnowing mechanisms can be added as options.
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Figure 4.1 Map of study areas, Thailand and Philippines, 1978-1983.

From Juarez and Pathnopas, 1983.
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Table 4.1
Profila of Respondents, Thailand and Philippinas

Thailand Philippines
imigated Rainfed
Thresher Thresher Thresher Thresher Thresher Thresher Thresher Thresher Thresher
Owner Non-owner Non-owner Owner Non-owner Non-owner Owner Non-owner Non-owner
ltem Users Users Non-users  Users Users Ncn-users  Users Users Non-users
No. of respondents 63 156 49 18 26 21 5 16 15
Age (yr) 48 48 45 52 50 59 50 4 49
Education (yr) 4 4 4 6.3 4.7 5.0 5.1 6.7 5.4
Tenure (%)
Landowner, C 85 40 29 56 38 57 60 60 67
S 95 86 98
Landless, C 45 60 71
S 5 14 2 44 62 43 40 40 33
Average farm size (ha) 8.9 6.0 75 5.1 2.1 1.8 44 27 24
Average yield (tha) 29 2.7 2.7 38 39 29 24 28 2.7

C = Chachoengsao Province; S = Supanburi Province.
Source: Juarez and Pathnopas (1933).
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Figure 4.2 Design, development, extensiun system used by IRRI's
small farm equipment program
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Figure 4.3 Conventional and axial flow threshing concepts.
From Khan, 1985.

{a) Conventional thresher

(b) Axial flow thresher
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Figure 4.4 Axial flow thresher designed and developed at the International Rice

Photographs courtesy of Communications and Putlications Dept.,
International Rice Research Institute.

Resedrch Institute.

(b} Portable axial flow thresher
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(d) Large axial flow converted for shelling corn




Figure 4.5 Production of IRRI-designed axial fiow thresh
1974-1985. From IRRI, Ag. Engineering Dept., 1975-

ers by cocperatin

1985; Khan, 1985; Reddy, 1985.
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Table 4.2
Thresher Adoption and Labor Use, Laguna Province, Philippines, 1965-1978
item 1865 1970 1975 1977 1978
Percent of farmers using threshers 0 c 0 67 82
Harvesting and threshing labor (days/ha) 30 32 32 26 31
Yield (Vha) 22 3.1 34 3.7 4.6

Source: Kikuchi et al. (1982).

Figure 4.6 Demand for IRRI-desigred uxial flow threshers, Philippines,
1974-1984. From IRRI, Ag. Engineering Dept., 1975-79; Ministry of
Agricuiture and Food and IRRI,

Oct. 1984-Sept. 1985.
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Figure 4.7 Adoption of thiet rice production technologies in three sample
irrigated villages, lloilo, 1968~1973. From Juarez, 1984; Juarez and Pathnopas,
1981; Juarez and Duft, 1972,
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Figure 4.8 Allocation of threshing time, 73 owners, Philippines
and Thailand, 1978 and 1983. From Juarez, 1985; Juarez and
Pathnopas, 1981.
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Table 4.3
Sourcaes of Funds for Rice Thrashar investment
Philippines
Source Thailand Imigated Rainfed
Own cash (%) 69 83 60
Loans (%) 7 -- --
Both cash and loans (%) 24 17 40

Source: Juarez and Pathnopas (1981).

Figure 4.9 Annual utilization and contrart costs for machanical axial flow
threshers, Thailand and Philippines, 1974~1983
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Summary of Studies on the Im
Cropping Intensity in

Tabls 4.4

pact of Mechanized Threshing on
Rice-Based Systems, Asia

Cropping
Intensity
Study Area Comparison Effect
Juarez, 1984 lloilo, Foot treading vs, 1.68 (irrigated)
Philiopines power threshing +13%
Juarez, 1984 lloilo, Foot treading vs. 1.55 (rainfed)
Philippings power threshing +4%
Juarez, 1984 Laguna, Hand vs. 1.43 (irrigated)
Philippines power threshing +22%
Toquero and Duff, 1985 Central Luzon,  Hand vs. 1.78 (irrigated)
Philippines power threshing ~23%
Table 4.5

Hired and Family Labor Utilization in Postproduction Activities,
Central Luzon, Philippines, 1979-1980

Family Labor
Hired Labor (labor days/ha) Total
“Manual threshing 29.0 23 31.3
Mechanized threshing 20.1 29 23.0
Labor displaced 8.9 -0.6 8.3
Percent displaced 31.0 -5.0 26.0

Source: Smith etal. ( 1983),
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Table 4.6
Labor Requirements and Labor Productivity for Rice Threshing
Using Alternative Methods in Thailand and the Philippines

Method Man daysk Kg/man-day

Thailand

Buffalo treading 495 206
Tractor treading 2.40 415
Large axial flow thresher 1.33 752
Philippines

Foot treading (lloilo) 7.69 130
Hand beating (Laguna) 5.49 162
Portable axial flow thresher 0.81 1,230
Large axial flow thresher 0.94 1,070

Source: Juarez and Pathnopas (1983).

Table 4.7
Employment Implications of a One Percent Increase in Rice Production
Using Manual or Mechanical Threshing Methods, Philippines

Direct Increase Indirect Increase Total
Method _ {agri sector) (non-agri sectors) Increase
‘thousand man-years
Manual threshing 15.9 271 43
Portable thresher 12.4 27.6 40
Percent diffarence 22 2 7

Source: Smith etal. (1983). Adapted from Ahammed, C.,and R. W. Herdt (1985).



Figure 4.10 Changes in the composition of labor in harvesting and threshing, Philippines.
From Ebron et al., 1985.

D = <15 D Londless worke-
V7 = 15 - 30 V7] Child of ‘andless

D Mole : 31-50 Smo’s farmer
Female mmmm: >50 ﬂﬂﬂﬂm Child of smell former

BEFORE:

AFTER:

SEX AGE LEVEL

otl1



Figure 4.11 Ratio of indices of prices of inputs (labor and machinery)
to paddy price in the Philippines. From David, C. C., 1985,
"An Analysis of Recerit Phiiippine Rice Trends,” IRRI, Ag. Economics Dapt.
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Figure 4.12 Ratio of indices of price of labor to paddy
price in Thalland., From Palacpac, 1986;
World Rice Statistics, IRRI, 1984; Ag. Eng'g.

Trainees, IRRI.
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Table 4.9
Agriculturai Wage Rates in Rice Production, Laguna, Philippines, 1965~10g1a
Item 1965 1970 1975 1978 1981
Harvesting and threshing
Nominal wage® ($/day) 1.08 0.91 2.32 2.48 2.38
Real wage ($/day) 1.08 0.70 0.78 0.64 0.40
Index of real wage 100 101 140 113 79
Transplanting
Index of real wage 100 121 104 83 85

21US$ =P3.88in 1965, P6.44 in 1870, P7.50in 1975, P7.38in 1978, and P8.20in 1€31.
bDefluted by Consumer Price Index (CP1) outside Manila.
Source; Smith etal. (1983),
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Table 4.9

Division of Factor Shares for Paddy Farmers Using

and Not Using Mechanical Threshers, Laguna, 19832

Thresher Renters Non-thresher Users
ltem $/ha % $/ha %
Land owner 87.86 17 87.86 18
Total labor? 139.63 27 160.03 33
Unskilled® 116.71 23 160.03 33
Skilledd 2292 4 0 0
Capital 80.01 16 4563 10
Cumentinputs 80.49 15 80.49 17
Operators residual 127.49 25 104.16 22
Value of production 515.48 100 478.17 100
a1US$ = P14.66.
bIncludlng gleaners at$16.85Ma.
CExcluding thresher operators.
Thresher operators,
Source: Smith etal. (1983),
Table 4.10
Yield Effect of Axial Flow Threshers, Philippines and Thailand
Physical Grain
Threshing Grain Loss Savings
Study Area Method (% of yield) (% of yield)
Toquero, 1983 Central Luzon, Axial flow
Philippines thresher 1.10
Threshing frame 240 +1.30
Bicol, Axial flow
Philippines thresher 0.48
Threshing frame 1.56 +1.08
Flail or stick 1.20 +0.72
Juarez, 1984 Laguna, Axial flow
Philippines thresher 1.60
Hand beating 7.34 +5.74
Portable axial flow
thresher 1.34
Hand beating 7.34 +6.00
lioilo, Portable axial flow
Philippines thresher 1.34
Foot treading 1.65 +0.31
Juarez and
Pathnopas, 1981  Supanburi, Axial flow
Thailand thresher 1.66
Animal treading 1.12 -0.54
Chachaoengsao,  Axial flow
Thailand thresher 1.66 :
Tractor threshing 0.97 -0.69
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Table 4.11
Harvesting and Threshing Contract Rates in the Philippines and Thailand,
1978 and 1983
Traditional Harvesting and Traditional Harvesting and
Threshing@ Mechanical Threshing
Harvester-
thresher Thresher Total Harvester Machine
Location share share sharas share shareb

Philippines % gross output
Laguna, 1978 125 56 17.0 10.0 70
Laguna, 1983 12.5 56 19.0 10.0 9.0
licito, 1978 16.6 55 16.6 111 55
Iloilo, 1983 16.6 55 16.6 1.1 55
Nueva Ecija, 1983 14.2 -- 15.6 9.1 6.5
Thailand Mon
Chachoengsao, 1978 6.9 (tractor treading) 38
Supanburi, 1978 7.5 (tractor treading) 4.8

9.6 (buffalo treading)

Traditional threshing in the Philippines refers to hand beating; in Thailand it refers to
tractor and buffalo treading.

bMachine share includes charges for fuel, cil, grease, operators, and the machine itself.
In both countries about 33—40% of the machine share is paid to operators and helpers and
tne remainder accrues to the machine owner who pays for fuel, oil, and grease. In most
cases, the cost of the machine includes cleaning, particularly when the large axial flow
thresher, which has a built-in cleaning mechanism, is used.

Sources: Juarez and Pathnopas, 1981; Juarez, 1984.
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Table 4.12
User Benefits from Axial Flow Threshers Compared with Traditional Methods,
Thailand and the Philippines, 1978 and 1933

Cost Saving Over  Value of Grain
Traditional Method Losses Saved Total Mean Gain
Location ($/ton) ($ton) ($/ton) ($/ha) ($fam)

Thailand, 1978

rarge thresher vs,
tractor/buffalo 355 -0.71 284 170 62.0
treading

Philippines, 1978

Large thresher vs.
hand beating -1.84 7.63 579 260 1130
(Laguna)

Portable thresher vs.
foot treading 2.36 0.38 2.74 9.1 23.0
(lloilo)

Philipginos, 1983

Large threshiar vs,
hand beating -3.36 5.68 232 104 452
(Laguna)

Portable thresher vs.
faottreading 1.92 0.31 2.23 76 19.2
(lloilo)

@Sample includes only farms growing high yielding varieties.
bincludes meal expense savings.
Sources: Juarez and Pathnopas, 1983; Juarez, 1985.
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Table 4.13
Financial Analysis of Large and Portable Machanical Thresher Invesiment in Thailand and the Philippines, 1978 and 1983
. Philippines
Thaitand —_llilo. 1978
1978 Portable Portable Laguna, 1978 Laguna 1983
hem Large (Imigated) (Rainfed) Large Portable Laryo Portable
Initial cost ($) 1699.00 743.00 789.00 2136.00 837.00 1565.00 546.00
Fixed costs (Syr)
iaton 250.35 134.64 14202 320.40 150.66 23535 88.28
Interest 110.15 4937 5207 140.99 5524 129.44 45.04
Repair and maintenance 166.90 74.80 78.90 213.60 8370 156.90 54.60
Tax and insurance 3338 —149€ 1578 427 1674 23138 1092
Total fixed costs 560.78 273.7- 288.77 717.70 306.34 853.07 208.84
Vartable costs ($1)
Fuel 0.14 0.63 063 087 0.50 0.83 0.75
o] 0.06 0.04 G.04 0.07 0.03 003 0.04
Grease 0.01 0.00 0.00 0.01 0.00 0.01 0.00
Labor 156 220 220 74 74 186 56
Total variable costs .77 287 287 4.69 427 4.43 4.35
Conrect rate {3R) 427 6.72 6.72 9.31 9.31 8.90 8.90
Annual usa (1)
Average 36€.90 145.00 75.00 149.00 39.00 155.20 37.60
High 377.00 16260 75.00 175.00 60.00 186.80 62.70
Breakeven point (BEP) (tyr) 224.31 7113 7501 15535 60.78 1373 4590
Payback pariod (PBP) (yr)
Average annual uca 275 1.79 556 7.4 20.47 417 9.02
High annual use 264 1.54 556 5.19 570 8.03 3.12
Benefit-costratio (BCR)
Average annual usg 1.26 1.38 095 0.06 0.75 1.08 o.88
High annual usa 1.28 1.45 0.95 1.04 0.97 1.18 1.13

Source: Computed fror basic data in Juarez (1984) and Juarez and Pathnopas (1961).
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Figure 4.13 Breakeven lavels for mechanical thresher investments,
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Table 4.14
Summary of Policy and Institutiona! Frograms Affecting Development and Extension of Farm Machinery inthe Phifipines and Thailand
Pokicy lnstruments Philippines Thailand
Tarifts
Assembled or CKD Engines, sprayers, 4-wheol tractor, harvesting imported unit andsor engine = 33%
9. machines hresh machinery = 10%
hand tractor « 30%
Components and 30% internad parts =15%
sparo parts roller chain and steel = 25%
rubber parts =809
Quotas No import restriction import restriction at 5237 units for second-hand two-wheel
tractors and 705 four-whee! tractors
Tazes 10% advance sales tax 3% business tax
11% profit tax;
10% locak tax
Crodit programs, Availatle for gach bodaog;CB:lBRmevided-i croditbnes Directinstaliment dslribumn;eankbr/\grianmm
amounting $76M from 1965-1984. Agricutturat Cooperatives gives credit though fabricatcrs
and distributors
Manutacturing Board ofinve Ag.lr Iincontive Act; rural Domestc preduction ¢! smalt engines of loss than 30 hp;
Support programs arisans training courses: machino drawings and technical tochnical as sistance provided by FAO/UNDP Ag. thech.
assistance providod by Ministy of Agriculture and IRRI Project with Ap. Eng. Div.; tochnical information through
Industrial Extension Project; Agricuttural Machine, ry Quarterly News Dgest. ThaiHRR! Industrial Exionsion
Manutacturers and Distributors Assodiation Projoct; Ag. Mech. Manufacturers Association
RaD programs AQ. Mech, Intor-agency Committee directs mechanizadon Ag. Enginearing Division M. of Ag. Cooperatives
ent activities; Ag. Mcch, Dovelopment Program natonwide surveys ol ay. machinery industry;
(AMDP) designs and develops machines and sets quality sock-economic studies; provides technical assistance with
&nd saloty standards; Ag. Moch. Testand Evaluation Rog. Network of Ag. Machinery research cocedination with
Center tests and evaluates locally manutactured MA. cooperatives and universities
machines; IRRI Ag. Mech. Dov. Program; AMDP and
IRRI study effects of mechanization.
Income tax incentive hwnmlnconmAm(PDIlz{)pm\ddmas-yeanax nong
holiday
Exchango rate P18.4USS (Roating rate since October 1984) Bhat27.37/us$ (floating rate since 1983)

Compiled from personal communication with Zia Ur Rahman and Chak Chakkapak, Regicnal Network for Agricultural Machinery,
Philippines, and Dept. of Agriculture, Thailand, respectively; Bernas, L. (1985).
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Tabie 4.15
Percent Distribution of CB:IBRD Loan Grants for Farm Machinery as of June 30, 1980

First Second Third Fourth
—(1960-1368) _  __ (1963-1972) _ ——US741977)  __ (1977-1980) — Teal
flem No.  Value No.  Vale No.  Value No.  Value No.  Vaive
Four-wheel tractors 56.5 85.2 56.8 86.2 296 652
868 839 874 928
Powrer tiiers 4 1.4 346 118 518 179
Imigation systems and
wells and dstibutionworks  11.6 49 W06 2.7 68 13 1.7 06 78 15
Sprayers, grain dryers,
threshers and cther farm
machinery 16 1.2 1.5 0.7 1.8 07 20 14 1.7 09
Rice mills .- .- -~ - - -- 149 149 3.1 47
Total 1000 1000 100.9 100.0 100.0 100.0 100.0 100.0 1000 1000

Sourca: SGV and Co. and U, P.&nhmﬂaseard!Fomdaﬁm,dhthquﬁd.(!BBS).

Table 4.16
Sourcss of Loans for Rice Thresher Investment
Thailand Philippines
Threshers Interestrate Threshaers  Interestrate
Source (%) (%lyr) (%) (%dhyr)
Bank 74 12 17 12
Agricultural cooperative 16 15 -- --
Private moneylender ) 20-30 33 25-90
Relative 5 0 17 0
Not specified -- -- 33 --

Source: Juarez et al. (1981; 1983).
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Rural Linkages in the
Philippines and Taiwan

Gusta+. Ranis and Frances Stewart

I. INTRODUCTION

Expansion in agricultural activity is of fundamental importance to rural
prosperity and the growth of industrial and service activities in the rural
areas. However, the extent to whic™ non-agricultural activities respond to
agricultural expansion varies. In some situations, the sustained growth in
agricultural output that has occurred in recent decades, with the introduction
of the new seeds, has led to a considerable expansion in non-agricultural
output in the surrounding area. Fxpansion in rural industry has then
provided additional impetus for further increases in agricultural productivity,
leading to a mutually supportive cycle of agricultural and industrial growth,
In other situations, however, increases in agricultural output have had a
much smaller effect on local industrial activity.

There is a strong presumption that decentralised rural industrialisation
will be associated with appropriate technologies (AT), both in terms of
process of production (factor use and scale) and in product characteristics.
Consequently, an important element in government policies to promote AT
will be those which support high linkages bctween agriculture and the
development of local industrial and service activities.

This chapter explores the conditions that generate local linkages in order
to identify policy changes which would increase the magnitude of these
linkages. To do so, we compare developments in the Philippines and Taiwan
over recent decades, as well as examine linkages in particular areas within
each country. In both the Philippines and Taiwan, there has been a sustained
expansion in agricultural output. In the Philippines agricultural output grew
by 4.3 percent per annum in 1960-1970 and 4.8 percent per annum in
1970-1980. In Taiwan the expansion was somewhat lower in terms of output,
4.0 percent per annum for 1960-1970 and 2.1 percent per annum for 1970-
1980, bur higher in output per person in agriculture, during the period.
However, the expansion of non-agricultural activity was much faster in
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Taiwan. From 1961 to 1971, employment in manufacturing in the rural areas
grew by 6.1 percent per annum. From 1956 to 1966, non-agricultural
employment in rural Taiwan grew by 7.5 percent per annum and manu-
facturing employment by 7.4 percent per annum (Ho). In the Philippines
total rural non-agricultural employment grew by 3.3 percent per annum
from 1971 to 1981. Although the dates and classification diffe~ somewhat,
all indications support the conclusion that the expansion of non-agricultural
activities in the rural areas in Taiwan was substant'~lly greater than the
Philippines, despite similar growth in agricultural outout in the two countries.
A comparison between the two countries therefore provides some important
evidence on the factors underlying local linkages. In addition, examination
of linkages in particular areas of each country provides an illuminating
source of information ou linkages.

In both countries, the evidence suggests that the technologies adopted
in rural activities have generally been appropriate as compared with urban
industrialisation. Rural technologies have tended to be of relatively lower
capital-intensity, smaller scale, making more use of local materials and
producing more appropriate products.

Evidence for the Phiiippines shows concentration of large-scale activities
in the most urban area (Manila), as compared with other areas (see tabie
5.1). Capital/labour ratios vary systematically by size of enterprise according
to Philippine data, as shown in takle 5.2.

Evidence for Taiwan shows a similar preponderance of small establishments
in the rural areas. In 1961, 96 percent of rural establishments were clagsified
as small. The evidence “strongly suggests that the rural non-farm sector is
comparatively labour-intensive” (Ho). Comparisons of capital intensity by
industry between the five major cities and rural Taiwan show that in 1961
rural industry was substantially more labour-intensive than urban industry
except food processing and paper and pulp. Data for 1971 show that the
average size of establishment was much smaller and that capital-intensity
was less in rural than urban industries (Ho). Some details of the differences
in capital/labour ratio in 1966 are shown in table 5.3. The data thus strongly
confirm the view that rural industry tends to be more appropriate from
the point of view of method of production (scale and labour-intensity).

We conducted a small survey of rural non-agricultural activities in the
province of Quezon in the Philippines. This gave strong support to the
view that rural technologies are generally associated with more appropriate
products. In every case, product characteristics were more appropriat2 than
typical urban enterprises. For example, the furniture was simple, low-cost
and used local timber. Cakes and sweets used local materials, were non-
standardised and had minimal packaging. Rice processed locally was usually
unpackaged and had a high proportion of “broken” heads (this was also
shown in the IRRI Survey discussed below). Local metal-work shops
manufactured and repaired simple agricultural tools. Local transport consisted
of jeepneys (adapted from the U.S. jeep to form a basic small bus/lorry),
and trimobiles (motorised and non-motorised) with accommodation for
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passengers and goods. Although the basic components of these (appropriat
products were imported into the area, local workshops adapted and repaire
ther. In the Bicol area, local firms in small towns manufacture and repaj
such vehicles, as well as other appropriate transport modes, especiall
designed for local conditions, including skates (vehicles designed to b
pushed along railway tracks) and carabao sleds (see Ocampo).

In some cases, rural industries are “inappropriate.” For example, in botl
countries the paper and pulp mills were large-scale and capital-intensive
Technology in food processing varied; as we shall sce below (section III)

processing have tended to be markedly more capital-intensive and associatec
with more inappropriate product characteristics than in Taiwan.

On balance, however, rural industries are associated with appropriate
technology. It is for this reason that the promotion of such activities—
which forms the focus of this chapter—constitutes an important element
in the achievement of appropriate technology.

The chapter is organised as follows. The next section (II) gives a brief
overview of the general economic performance of the Philippines and
Taiwan. Section III considers the factors underlying the linkage relationship,
first looking at demand factors and then supply, drawing on evidence from
both countries and comparing the twn, Section IV sumrnarises the policy
conclusions derived from the earlier analysis. Section V considers the
political economy of the policy changes required, in order to elucidate the
political potential of alternative policy combinations.

II. PHILIPPINES/TAIWAN: SOME BASIC COMPARISONS

The Philippines is much larger than Taiwan, in area (300,000 square kilometers
compared with 36,000 for Taiwan), and in population (around 45.6 million
people in 1978 ccmpared with 17 million in Taiwan). Taiwan is poor in
natural rosources and land compared with the Philippines. The colonial
experiences of the two countries differed: the Japanese encouraged food
production in Taiwan and established a considerable network of rural
infrastructure; in the Philippines, both Spanish and U.S. colonial powers
promoted cash-crop production, and neglected infrastructural investments,

Conditions in 1960

Apart from these factors, there were many similarities between the two
economies in 1960:

* Per capita income was $321 (1978 prices) in the Philippines compared
with $443 in Taiwan.

* Structure of production was similar. Agriculture accounted for 26
percent of GDP in the Philippines and 28 percent in Taiwan, while
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61 percent of the labour force in the Philippines was in agriculture,
compared with 56 percent in Taiwan. The share of industry in GDP
was 28 percent in the Philippines compared with 29 percent in Taiwan.
Agricultural productivity (both labour and land) was higher in Taiwan.
Land productivity was about five times higher. Population was much
less dense in the Philippines. Labour productivity in agriculture in
Taiwan was about 1.6 times the level in the Philippines.

* Exports were 11 percent of GDP in each country. However, in the
Philippines there was a heavier concentration on primary commodities;
agricultural products formed 86 percent of exports and manufactured
goods only 4 percent. In Taiwan agricultural products accounted for
68 percent of exports and industrial products for 32 percent. About
four-fifths of Taiwan agricultural products were processed.

* Gross investment as a share of GDP was higher in Taiwan (at 20
percent, compared with 16 percent in the Philippines).

» Social indicators were mostly better in Taiwan than the Philippines.

¢ Life expectancy was 64 in Taiwan and 51 in the Philippines in 1960
with corresponding differences in child mortality fizures.

¢ The availability of nurses and doctors was better in Taiwan. For example,
there were 1,661 people per doctor in Teiwan compared with 6,940 in
the Philippines.

* 24 percent of the population in the Philippines had piped water
compared with about 50 percent in Taiwan.

* Public consumption as a share of GDP was higher in Taiwan at 19
percent, as compared with 8 percent in the Philippines.

e There was a remarkable similarity in education; adult literacy was
estimated to be 87 percent in 1975 in the Philippines, compared with
82 percent in Taiwan. In both countries, primary enrollment ratios
were 100 percent in 1960; secondary enrollment ratios were estimated
at 26 percent in the Philippines, 33 percent in Taiwan.

¢ Income distribution: In the 1950s income distribution was more unequal
in Taiwan than the hilippines by every meas: =« (see table 5.4). However,
since then income distribution has become much more equal in Taiwan,
with the Gini co-efficient falling from 0.56 in 1953 to 0.29 in 1972,
while in the Philippines there has been little change in the degree of
inequality as measured by the Gini co-efficient, which is around 0.5,
indicating substantial inequality. The share of income of the lowest 20
percent of the population has fallen over the period, from 4.9 percent
in 1956 to 3.9 percent in 1971. Since the early 1960s, itiequality has
therefore been substantially greater in the Pnilippines than in Taiwan,

e Land distribution: In 1960 the estimated Gini co-efficient for land
distribution in Taiwan was 0.457 compared with 0.534 in the Philippines.
(Fei, Ranis, Kuo, 1979, table 5.17). Land reform in Taiwan had effected
a substantial reduction in inequality (of 26 percent in the Gini co-
efficient). However, earlier there was a high degree of inequality, so
that even after the reformy, the Gini co-efficient remained quite high.
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Averag: farm size was substantially smaller in Taiwan at 1.52 ha, compared
with 2.7 in the Philippines.

Ccmparative Performance since 1960

As indicated above, the initial conditions were similar in the two countries,
However, since then performance has differed markedly, with Taiwan ex-
periencing a much higher growth rate than the Philippines. On average,
from 1960 to 1980, growth in income per head was 6.9 percent per annum
in Talwan compared with 2.8 percent per annum in the Philippines. By
1980 this discrepancy meant that income per head in Taiwan was over 2.5
times that in the Philippines. (For a breakdown of sectoral growth rates
see table 5.5,)

A significant factor underlying the more rapid growth in output pe.
head in Taiwan was the faster growth in labour productivity in agriculture
which, between 1960 and 1979, increased by 3.6 percent annually in Taiwan
compared to 2.1 percent in the Philippines (see table 5.6). The rate of
growth of output in the industrial and service sectors was significantly
higher in Taiwan throughout the period. The growth of output in agriculture
was similar in the two countries from 1960 to 1970 and higher in the
Philippines from 1970 to 1982.

The rapid growth of industry in Taiwan absorbed an increasing proportion
of the labour force. In 1950, employment in industry accounted for 25.2
percent of the total and agricultural employment for 52.7 percent. By 1979
‘ndustrial employment accounted for 47.7 percent and agriculture for 21.5
percent. From 1965 onwards employment in agriculture fell quire substantially.
The rate of growth of labour productivity was substantially greater in Taiwan
in both agriculture and industry as table 5.6 shows.

The growth of exports in Taiwan was far higher than in the Philippines,
especially in the 1960s. The growth in exports in Taiwan consisted chiefly
of food processing, textiles and clothing, and electronics, with food processing
dominating in the early period (especially from 1954 to 1961), textiles being
the major source of expansion from 1961 to 1971 and electrical machinery
playing an increasingly important role from 1966.

In both countries, the composition of exports moved away from primary
products, but much more dramatically in Taiwan, where industrial products
accounted for over 90 percent of exports by 1979, compared with 45 percent
in the Philippines. Industrial exports grew by 30 percent per annum in
Taiwan, compared with 21 percent in the Philippines (see table 5.7.

Several studies have analysed the causes of these differences in performance
(see for example Galenson, ed.; Ranis, 1983; ILO, 197%4; Oshin.a, 1983, 1984).
One part of the explanation lies in the major differences in the policy
package adopted, with the Philippines pursuing import substitution, with
high levels of protection and subsidised interest rates, and Taiwan being
much more open and export-oriented, and with more realistic factor prices.
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Other explanations include differences in initial conditions, in cultural
attitudes and in organisational structure (see Ranis, 1983). We shall not
pursue this question further, except insofar as it bears on the issue of rural
industrialisation and rural linkages. We shall return to policy issues in
section IV, after examining the extent and determinants of rural linkages.

III. FACTORS AFFECTING THE MAGNITUDE OF
RURAL LINKAGES IN THE PHILIPPINES AND TAIWAN

Both systems experienced sustained agricultural growth in recent decades.
Consequ-ntly, their experience provides plentiful evidence of the extent
and causes of linkages.

Linkages occur where expansion in agricultural output leads to expansion
in other activities, and conversely where additional non-agricultural activity
in the rural areas provides opportunities and incentives for raising agricultural
productivity. These linkages may take a number of forms: first, consumption
linkages, where incomes generated in agriculture lead to consumption of
output produced locally; second, production link ages, which may be backward
or forward. Backward linkages occur where producticn in one sector uses
inputs produced in other sectors—for example, machinery or fertiliser.
Forward linkages occur where production in one sector provides inputs for
productive activities in other sectors, for example, food supplies for food
processing.

The extent of any linkage depends in part on the area in which the
linkage is defined as occurring. Any increased demand following extra
agricultural output will be met partly by additional local supplies, partly
from goods produced in the major urban centres in the country, and partly
from imports from outside the country. Qur focus here is on local rural
linkages: that is, on how far an increase in agricultural production in a
particular area leads to greater local activity in the same area. We are
focusing on th:« rural subsector of the economy because, for the most part,
lccal rural activities use appropriate technologies.

The boundary defining what is local and rural is inevitably somewhat
arbitrary. In general we would include local market towns. In practice, we
have to follow the definitions adopted in the available studies (which are
by no means always consistent). However, since the conclusions which
emerge are consistent across studies, a change in definition would be likely
to alter the precise magnitudes, but would leave the major conclusions
unaffected.

We conducted a small survey of rural non-agricultural activities in the
province of Quezon. This, together with other studies of rural linkages in
the Philippines and Taiwan, provides the basis for a number of conclusions
about the nature and causes of rural linkages.
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Magnitude of Linkages

i. The linkage effects froq, additional agricultural output are very sub-
stautial, even where policies are not especially conducive to promoting
them.

In the Gapan ures in the Philippines an annual increase in agricultural
income of 5.5 percent per annum (from 1961 to 1967) was accom-
panied by an annual increase in non-agricultural emplcyment of
8.2 percent, while between 1967 and 1971, an annual increase in
agricultural income of 8.2 percent was accompanied by an increase
in non-agricultural employment of 9.0 percent per annum (Gibbs).
An Upper Pampanga River project which roughly doubled net
farm income was associated with an annual increase ip non-farm

agricultural activities grew by 8.4 percent per annum (Wangwa-
charakul).

Between 1960 and 1975, there were high rates of gr wth in small
rural establishments in those areas in the Philippines with rapid
agricultural growth. In Luzon (excluding Manila and Rizal), small
establishments grew by 8.3 percert per annum. There is a strong
association between agricultural growth and the growth of man.
ufacturing establishments by regions in the Philippines (Anderson
and Khambata),

In Taiwan between 1952 and 1965, as a whole agricultural production
grew by over 4.8 percent per annum, while between 1955-66, non-
agricultural rural employment grew by 7.5 percent per annum
(excluding public services) (Ho).

2. Rural non-agricultural employment is dominated by consumption-
linkage activities—that is, activities which supply consumption goods
and services to people in the area—especially in the Philippines.

Our survey found that over 80 percent of establishments were
consumption-related (including barbers, furniture makers, general
stores, and food processers),

In the survey of the Gapan area, consumption-related activities
accounted for 58.6 percent of tota! non-agricultural employment
in 1971, with public services accounting for 24.4 percent, and
forward and backward linkages for 18.1 percent. Table 5.8 provides
a detailed breakdown, which is illuminating for showing the type
of rural industries that are of significance,

In the Upper Pampanga River area forward and backward linkage
industries accounted for only 6.8 percent of employment in the
two towns investigated in 1979, with consumption linked activities
(including public sector) accounting for the remainder (Saner).
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* In Taiwan, about two-thirds of rural non-agricultural employment
in 1966 was consumption-related, including public services (see Ho
and Sen hsu-Yeng). This is significantly less than the figure of
around 80 percent indicated by the Philippine studies. However,
consumption-related activities remained the most significant source
of non-agricultural employment in rural Taiwan. This was largely
because of the significance of service employment, which i3 mainly
consumption-related (see table 5.9). It is impossible to allocate
activities precisely between different tyoes of linkage in Taiwan
because of the way the data has been collected. But it seems that
about 10 to 15 percent of employment was in backward linkage
activities in 1966, including machinery and equipment production
and servicing, and about 10 percent in forward linkage activities.
Activities not directly linked to the agricultural sector were more
important in Taiwan than the Philippines. These included some
textile and clothing preduction for urban consumption and for
export, which were located in the rural areas to make use of the
cheap and abundant labour (see Ho); it also included some mining,

3. Increases in agricultural output are accompanied by high increases in
all types of “linked” activities (backward, forward, and consumption).
There appears to be some tendency for the greatest proportionate
increase to be found in forward linkages.

* In Gibbs’s study, forward linkage industries (chiefly rice trading
and milling) increased employment by 9.6 percent per annum,
1961-71; employment in industries supplying agricultural inputs
increased by 7.9 percent per annum, and consumption-related
industries employment increased by 8.4 percent per annum.

In the Upper Pampanga project area from 1975 to 1979, employment

in forward linkage activities rose by 17.1 percent per annum, in
backward linkage industries by 6.7 percent per annum, and in
consumption-related industries by 6.5 percent per annum.

In Oton and Tigbauen, output of production linkage industries

grew by 10.3 percent per annum from 1974-79, while output in
consumption-related industries grew by 4.0 percent per annum.

* In Taiwan, there was a high and sustained growth in rural non-
agricultural employment in every category for the economy as a
whole, over the period from 1930-1956, accelerating in 1956-66
(see table 5.10). For 1930-56 the percentage increases were similar
for different types of linkage. For 1956-66, the highest proportionate
increases were recorded for industries not catering solely to local
consumption but also supplying urban and export markets or
producer goods (that is, textiles and wood, chemicals and metal
preducts, and transport equipment). The more strictly consumption-
related activities (trade, transport and communication, personal
services, and construction) showed below average increases.

4. The explanation of employment in absolute terms was invariably
sigrificantly the highest in consumption-related activities in the Phil-
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ippines. This occurred, despite the proportionately lower increase,
because of the large proportion of non-agricultural employment ac-
counted for by consumption-related activity, as described in 2. above.
* In the Gapan area, from 1961-71, consumption linked employment
expansion accounted for 62.8 percent of the total expansion.
* In the Upper Pampanga, over 80 percent of additional jobs were
in consumption-linked activities.
* In Oton and Tigbauen, expansion in consumption-related activity
accounted for over 70 percent of the total expansion in employment.
* In Taiwan, 80 percent of the extra rural jobs created between 1956
and 1966 (outside the public sector, in industries where classification
is possible), were in sectors serving local consumption needs. But
most of the industries also provided goods or services as inputs
for agriculture or as exports outside the area, Probably between
40 and 50 percent of the employment increase was for local
consumption. This is less than in the Philippines and is due to
the greater significance and more rapid growth, in Taiwan, of other
types of output and employment. Employment in consumption
related activities increased at a similar rate in the two countries.

5. In general among production-related activities in the Philippines,

forward linkages are of much greater significance for absolute em-
ployment and employment expansion than backward linkages.

* In Gapan, in 1971, employment in agricultural input supplies
accounted for only 3.1 percent of total non-agricultural employment,
while forward linkages accounted for 15 percent. Backward linkages
constituted 3.2 percent of the employment expansion from 1961-
71, and forward linkages for 16.6 percent.

* In Upper Pampanga backward linkages in 1979 formed only 1.9
percent of total employment, and forward linkages 4.9 percent.
Backward linkages accounted for 1.8 percent of employment ex-
pansion from 1975-79, and forward linkages for 9.8 percent.

* In Taiwan, food processing was an important source of employment,
accounting for a fifth of manufacturing rural employment in 1956
and 16.6 percent in 1966. Backward linkage industries were more
developed in Taiwan; metal products, transport equipment, ma-
chinery, and equipment accounted for nearly as high a proportion
of manufacturing employment (16.2 percent) in 1966. The backward
linked manufacturing sector showed a higher proportionate increase
than the food processing sector from 1956-68.

6. The ranking of linkages in terms of employment derives partly from

the labour-intensity of the different types of linkage. The study of
Oton and Tigbauen found that production-related activities accounted
for substantially the greatest share in output expansion, but the labour-
intensity of production-related activities was low relative to con-
sumption-related activities, so that the consumption activities domi-
nated in terms of employment expansion.
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Conclusion on Magnitudes of Linkages

This survey of the evidence has established that linkages of non-agriculturl
activity with agricultural production have been a substantial source of
employment in both countries. Consumption linkages have dominated in
terras of the absolute number of employment opportunities created, despite
a tendency for production-related activities to show a greater proportionate
growth in output. The next section analyses the major determinants of the
magnitude of the various linkages.

Causes of Magnitude of Linkages

The three kinds of linkage involve different types of relationships, so that
causes need to be discussed separately.

Consumption Linkages

The nature and extent of consumption linkages depend on how income
generated in agriculture is allocated between consumption and savings and
among different types of consumption expenditure. Houselhold disposal
patterns depend mainly on the level of household income. For the rural
economy as a whole, disposal atterns then depend on the average level
of household income and the distribution of income among households.

Household income, Yh, may be divided into savings, Sh; imports of
goods from outside the area, Ih; expenditure on locally produced food, Fh;
and expenditure on local non-agricultura] output, Dh. In fact, there is not
a sharp distinction between expenditure on food and non-food, because a
good deal of expenditure recorded as food includes non-agricultural services,
such as processing, packaging, distribution, etc.

If s, i, f, and d represent the marginal propensity to save, import, spend
on locally produced food, and local non-food, respectively, then
s+i+f+d=1 For any given increase in agricultural income, the
consumption linkage is determined by the value of these propensities, which
in turn depends on the level and distribution of income among agricultural
households and the distribution of the extra income between households
of different income-levels.

Agricultural households consist of landlords and tenants, owner-occupiers
with different size farms, and agricultural labourers, with some overlap
between the categories. In general, the higher the share of high income
households (landlords and large farmers) and the lower the share of low-
income households (small land-holders, tenants and wage-earners) in ad-
ditional income, the less local consumption linkages are likely to be. "This
is because:

* high-income households tend to have a higher propensity to save than
Wwage-earners; sr>sp; (r refers to “rich” households; p to “poor”
households);
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* high-income households tend to consume more imported goods and
less local goods: ir>ip;

* however, high-income households tend to consume less food as a
proportion of income: fr < fp. Consequently, while total local linkages
will tend to be greater where the share of low-income households
(small farmers and wage-earners) is greater, expenditure on non-food
items will not be so much greater and could even be lower, dr >or < dp.

The evidence on consumer behaviour and linkages from Oton and
Tigbauen broadly supports these hypotheses. The study investigated non-
agricultural households (which had a much higher income than the farming
households) as well as farming households at three levels of income.

As can be seen in table 5.11, the stimulus to local production was greater
the lower the income of the household, because of differences in propensity
to save. Import behaviour did not differ substantially, according to this
study. But the study assumed the same propensity to import for each
category of expenditure, irrespective of the income of the household.

A general equilibrium model, estimating variations in consumption ar. 1
import propensities for the economy as a whole as the distribution of
income changes between landlords and wage-earners, shows a lower share
of consumption and a higher share of imports as the share of the landlord
rises for the Philippines (Ahammed and Herdt). The employment resulting
from extra consumption is substantially lower the higher the share of extra
income received by the landlord class, Since high-income households tend
to have a higher propensity to consume urban-produced goods (for example,
consumer durables) than low-income households, the same approach to a
rural subsector would show & stronger relationship, with local linkages
increasing as the share of low-income classes rises.

Evidence from Taiwan shows the share of food in rural expenditure
declining as household income rises, both at a particular point in time and
over time. Families with incomes below T$20,000 allocated 64 percent of
consumption to food and drink, while those with incomes above T$20,000
allocated 55 percent to food and drink (1966 Survey of Family Income and
Expenditure). As average household incomes rise over time, the rising
proportion of expenditure on non-food consumption increases opportunities
for local non-agricultural employment. Moreover, over time there is a less
marked tendency for savings propensities to rise as household incomes rise
(as comparcd with differences between households of different income levels
at the same point in time). The Taiwan evidence shows a strong tendency
for rising expenditure on urban-produced consumer durables, as incomes
rise. For example, the 1960 Census showed that less than 10 percent of
farm households had electric fans and 23 percent had radios, By 1970 over
half of farm households had some consumer durable.

To summarise tk evidence on consumer linkages:
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(a) the more unequal the income distribution among agricultural house-
holds, the greater the leakages out of the local economy from
agricultural income;

(b) similarly, the more unequally distributed any additional agricultural
income, the lower extra is demand for locally produced goods (including
food and non-food);

{c) local linkages with non-agricultural sectors tend to be greater the
more equally distributed income s, since the tendency for low-income
households to spend more proportionately on food is offset—in terms
of local linkages—by the tendency for higher-income households to
save more and spend more on goods produced outside the rural area.
Moreover, expenditure on food also involves local non-agricultural
services.

(d) as average farm household incomes rise, local linkages rise in absolute
amounts, as shown in the Philippines and Taiwan, where a one
percent rise in agricultural income led to more than a one percent
risc in non-agriculteral employment. The relative significance of local
linkages (as a proportion of total activity) as average incomes rise is
the outcome of conflicting tendencies. On the one hand, there is a
rising propensity to spend on non-agricultural items; on the other,
some tendency for a rising proportion of expenditures to go to
imported items. How strong this latter tendency is depends partly
on supply factors—that is, whether local supplies of goods and services
change in quality and quantity to keep pace with rising demands.

One major influence on the distribution of agricultural income is the
distribution of land; this has a direct influence {determining the distribution
of rent) and an indirect influence through the effects on labour-intensity
of land use, since small farms generally use relatively more labour. The
labour-intensity of land-use (and therefore the share of iabour in agricultural
income) is also strongly influenced by the extent of mechanisation and by
the crop composition of output. Because of the importance of distributional
effects in determining consumption linkages, these both become important
issues for policies towards linkages.

Crob composition is one determinant of labour absorption in agriculture.
The precise labour use for any crop depends on technology and organisation
of production and varies between countries and regions, nross seasons,
and over time. Table 5.12 shows labour-use according o sclec ted crops in
Taiwan,

The data from Taiwan show considerable variations in l?bour-intensity
of every crop over time. Labour use per hectare increased quite substantially
from the early 1950s until the late-1960s. Since then it has fallen in every
crop, reflecting the increasing mechanisation which occurred in response
to a growing labour shortage in agriculture in Taiwan, as successful in-
dustrialisation led to the end of labour surplus.

Despite the variations for particular crops over time, the data also show
broadly consistent variations in iabour use between crops. Sugar has tended
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to be more labour-using than rice, but has shown a sharper fall in the last
15 years, indicating the high potential for mechanisation in sugar (to be
discussed more below). While sugar can be a relatively labour-using crop,
there are enormous seasonal variations in labour use. Of the new export
vegetables, asparagus is highly labour-intensive; mushrooms are less so, but
still markedly more labour-using than rice. Fruit export crops (bananas and
pineapples) tend to use less labour than rice and sugar. The least labcear-
using category is “other crops” which includes rootcrops. Data from the
Philippines and other Asian countries (see Aguilar, Bartsch, Ishikawa) ruggest
similar conclusions about the relative labour-intensity of different crops.

A comparison between Taiwan and the Philippines on crop composition
and labour-absorption is shown in table 5.13. Around 1960, Taiwan had a
higher proportion of the most labzur-intensive crops (vegetables) than the
Philippines, with over 10 percent of the total produce as compared with
3.0 percent in the Philippines. At that time, Taiwan also had a higher share
of the least labour-intensive crops, with over 45 percent of crops being
root crops, compared with 18 percent in the Philippines. Between 1960-61
and 1977-78 the crop composition in Taiwan became more labouz-using as
vegetables increased their share dramatically (to 33 percent of total tonnage),
as Taiwan expanded growth of vegetables for export, such as mushrooms
and asparagus, while output of root crops fell. In the Philippines, vegetables
remained insignificant, but the share of bananas and pineapples increased
so that in aggregate, crop composition in the Philippines became less labour-
using. However, the actual change in labour-use depends also on the overall
increase in output (higher in the Philippines than Taiwan) and changes in
technology and organisatiun,

Technology and Mechasisation. A major influence on consumption
linkages is the degree and nature of mechanisation, since this determines
the direct employment associated with production and consequently con-
sumption linkages.

There is strong evidence for the Philippines that mechanisatior, tends
to be labour displacing, both wit!, respect to family and hired labour. In
rice production, labour displacement occurs in land preparation and in
threshing (see Ahammed an. | Herdt, Gonzales, Herdt and Webster, Sison,
Herdt and Duff). Labour Uiwsplacement s significantly greater for large
machines than for small (that is, for four-wheel tractors compared with
power tillers and for large axial flow threshers than for portable threshers).
In contrast, irrigation generally increases labour use. The differences in

create 23,700 extra jobs in agriculture using animal horse-power, a four
inch irrigation pump and a hand thresher, compared with only 5,300 using
a four-wheel tractor, and a large axial flow thresher in rainfed conditions.
The distribution of income tends to favour landlords, the more capital-
intensive the methods. (More details of the estimated effects on direct
employment land landlord share are shown in table 5.15)
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Direct employment effects—and iherefore consumption linkages—are
likely to be greatest with pump irrigation. Within each irrigation systera,
the least mechanised combinations tend to create most direct employment,
while substantially less direct employment is associated with the most
mechanised combinations (four-wheel tractors and large axial flow threshers).

While tractors and power tillers displace labour, they do not significantly
affect yields. (See Duff, and Workshop (1983) passim, especially Gonzales,
Herdt and Webster.) However, irrigation does have marked positive effects
on yields, and mechanised threshing also has positive effects.

Mechanisation is even more dramatically labour-displacing in sugar cane
cultivation where it is estimated that the reductions in labour requirements
per hectare are 90 percent or more per task, with the greatest displacement
in weeding. In sugar cultivation there are substantial economies of scale,
such that full mechanisation is only economic for farms over 25 hectares.
Mechanisation is yield increasing and permiv. Philippine sugar cultivation
to remain economic in the face of adverse world prices. Small sugar farms
using labour-intensive method~ may not survive. Consequently, there is a
strong trend towards reduced consumption linkages in sugar cultivation
(See Aguilar).

Estimates of consumption linkage effects depend on the level of the real
wage associated with employment in agriculture. A lower real wage would
have smaller linkage effects for any given increase in agricultural employment.
The determinants of the real wage in agriculture are many and complex.
They divide into factors affecting demand and thcse affecting supply of
labour in the agricultural sector. Demand for labour is influenced by
mechanisation, other things being equal, higher mechanisation will tend to
depress the real wage. Supply of labour depends on population growth and
demand for labour elsewhere, especially in the urban centres.

In the Philippines, real wages in agriculture have been stagnant or even
declining, despite rising agricultural production per head. One contributory
factor has been the labour displacement caused by mechanisation (see David,
p. 404). In contrast, in Taiwan mechanisation came later, once the exhaustion
of the labour surplus had led to a sustained rise in real wages. In Taiwan,
before 1970, there was much greater reliance on low-level mechanisation.
In Taiwan in the mid-1960s power tillers acccunted for 84.5 percent of
total mechanical horsepower, compared with only 4.5 percent in agriculture
in the Philippines (Barker and others). Since then the proportion of power
tillers in the Philippines has risen substantially, but was nonetheless estimated
to be only 20 percant in 1976 (David). Moreover, the supply of labour to
agriculture was greater in the Philippines. Taiwan has had a lower population
growth (a rate of 2.0 percent per annum from 1970-78 compared with 2.7
percent in the Philippines), and a much more rapid growth in industrial
employment, with labour-intensive industry absorbing a steadily increasing
proportion of the economy’s labour force. In contrast, in the Philippines
industrial growth bas been comparatively slow and capital-intensive (see

table 5.6 above and ILO, 1974).
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Consequently, in the context of the overall development strategy, mech-
anisation in the Philippines has tended to have doubly negative effect on
linkages—by reducing direct employment in agriculture and depressing the
real wage.

Backward Production Linkages

As noted above, these are relatively small numerically in the Philippines,
but are increasing rapidiy. In relation to employment, by far the most
important are distribution outlets—for fertiliser, seeds, and machinery. For
example, these accounted for 196 employees in Cabantuan and Talevera
(1979), while only 21 people were employed in actual equipment manufac-
turing. However, equipment servicing and manufucture generally develop
fast as mechanisation proceeds, as is indicated by their greater role in
Taiwan. Employment in these areas is likely to depend on the extent of
use of modern inputs (fertilisers, seeds, machinery) and the machinery used.
Small pumps, hand tillers and threshers, and power tillers can be produced
in small workshops in the rural areas, while large tractors and axial flow
threshers are almost invariably produced in the urban areas, with nuich of
their parts imported.

The production of tools used in association with carabaos is almost
entirely local (that is, ploughs, harrows, and hand implements) (Lantin),

odern mechanical methods involve varying degrees of rural, urban, and
imported content. For the Philippines table 5.14 shows how labour content
varied as a proportion of the selling price,

For the Philippines as a whole (urban and rural) backward linkages are
substantially greater for power-tillers than for tractors, while there is not
much difference between portable and large threshers., Rural production
occurs only for the smaller machines (power tillers and portable threshers)
(See Mikkelson and Langam). Consequently, rural backward linkages tend
to go in the same direction as consumption linkages.

Using a general equilibrium approach, Ahammed and Herdt put pro-
duction and consumption linkages together to estimate the total indirect
employment created by different types of water regime and mechanisation.
They found that total indirect employment created was very larg~, outweighing
the direct employment (see table 5.15). In general, the direct and indirect

linkages together, the linkage effects are similar for the most labour-intensive
techniques and the intermediate techniques, and smaller for the most
mechanised techniques.

In Taiwan, purchased inputs among farm households have risen rapidly.
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(Ho, p. 28). The ownership of mechanised aids has varied with the size of
the farm.

Policies towards Mechanisation. The evidence summarised above show.
that large-scale mechanisation has had negative effects on linkages in the
Philippines, mainly because of the labour displacing effects of these tech-
nologies. Moreover, for tractorisation in rice cultivation, there does not
appear to ve 2 consequential rise in yields which could justify the mech-
anisation from the point of view of maximising output. The situation is
different in Taiwan where most mechanisation has consisted of small-scale
methods, and where a labour shortage began to emerge from the late-1960s.
Despite these conclusions, mechanisation in agriculture in the Philippines
has been proceeding quite rapidly over the past few decades, as table 5.16
shows.

Three types of policy have influenced the rate and nature of mechani-
sation—policies towards land distribution; policies towards prices and credit;
and policies towards research and development.

1. Land distribution: The size of landholding influences the rate of
mechanisation, with larger farms more likely to mechanise, and, when they
do so, to adopt tractors rather than power-tillers. This is one reason why
Taiwan, with much smaller farms, has a much higher proportion of power-
tillers in the total mechanised horsepower in use. Land reform in the
Philippines, which occurred from 1972 aad involved dividing some large-
scale rice farms into smaller units, led to a greater proportion of tillers in
the total. Power-tillers accounted for 46 percent of the total number of
tractors and power-tillers in the years 1960 to 1571, and 83 percent of the
total in 1972-1980. Another reason for this switch towards powar-tillers
was the growing use of machinery in rice farming. Early mechanisation was
almost entirely in large sugar estates, where tractors predominate.

The size of farm is the major determinant of mechanisation in sugar.
Large estates (50 hectares and over), which account for the bulk of land
devoted to sugar, were the first tc introduce tractors in the Philippines,
and have recently begun to introduce many other mechanised techniques,
including mechanical harvesting. Small sugar farms continue to use labour-
intensive techniques (Aguilar).

2. Prices and credit: These include policies towards interest rates, tariffs,
the exchange rate, and fuel prices. Since 1966 four credit programmes
involving subsidized credit have been agreed upon between the Central
Bank of the Philippines and the World Bank (the implicit subsidy is estimated
to be 12 percent). Studies show that this programme was the major factor
affecting sales of tractors and power-tillers (Duff, 1975 and Sanvictores, 1977,
Sycip, Gorres and Velayo, 1980). The programmes tended to favour tractors
over power-tillers, financing a much higher proportion of total tractor sales
(30 percentj than power-tiller sales (7 percent) between 1966-1979.

Tariff policy in the Philippines has been designed to promote domestic
production of power-tiilers and has thereby increased the price of power-
tillers relative to tractors. In the 1970s, the net implicit tariff on power-
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tillers (including the effect of exchange ratc overvaluation) was 19 percent,
while there was a zero tariff on tractors.
The overall combined impact of the interest rate subsidy, exchange rate

programme.

3. Research and development: The main effort in the Philippines has been
that of IRRI in developing small-scale methods. They were especially
successful in the development of a small-scale portable thresher, which has
bepun to replace the large-scale axial flow thresher on small farms. In
Central Luzon it is estimated that 92 percent of farms are using mechanical
threshers.

There has also been some success in the development of hand tractors.
Since 1966, increased use of hand tractors &r land preparation has been
in evidence. This was made possible by the increase in farm incomes and
the greater availability of credit.

Domestic production of hand tractors started in the early 1970s with

In a sample survey of Philippine agriculrural machinery manufacturers
(Mikkelson), 37 percent of the firms sampled had less than 10 employees,

Forward Linkages

It appears that more processing of agricultural commodities takes place in
rural Taiwan than in the Philippines. In 1966, two-thirds of those employed
in agricultural fcod-processing in Taiwan were in the rural areas and another
10 percent were in the newly emerging towns. In the 1950s and early 1960s,
rapid growth in exports of processed agricultural products (canned vegetables)
led export growth. Since then there has been a switch to manufacrured
exports. Processing of vegetables was largely decentralised. Many features
influence the degree of local processing. One factor is the type of commodities
grown and the sort of processing required. Arnother is the location of
consumption. In general, processing for local consumption takes place loczlly;
the main choice of location arises for commodities which supply urban or
export markets. In this context, the technological facts that are relevant to
the location of Processing are perishability of the product, economies of
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scale, and considerations of product quality. For example, the rapid gi-wth
of exports of canned mushrooms and asparagus in Taiwan were naturally
associated with dispersed processing because of perishability and difficulties
in transporting the raw vegetables. The insignificance of these commodities
as major exports in the Philippines partly accounts for the smaller degree
of rural processing. However, deficient processing facilities might be one
cause of the weaker performance in exports of this kind.

There are, however, a number of commodities where there appears to
be a genuine choice of processing technology and of location. Below we
discuss three examples. In pineapple processing and canning, and in prep-
aration of bananas for export, the choice is illustrated by a comparison
between developments in the Philippines and Taiwan, since the two countries
have made ditferent choices. In rice processing, the range and determinants
of choice are illustrated by developments in the Philippines, where mechanised
methods are being actively promoted and are likely to displace more
decentralised and labour-intensive methods.

Example: Pineapples. In both the Philippines and Taiwan exports of
canned pineapples are substantial. In 1970, the Philippines exported 100,000
metric tons, while Taiwan exported 81,000 metric tons.

There is a sharp contrast between pineapple canneries in the two countries
(see Armas, 1975, 1976). Two companies account for pineapple canning in
the Philippines, both subsidiaries of multinationals, Dolephil (Dole) and
Philpack (Del Monte). In contrast, in Taiwan there are 23 different (nation: )
companies (Armas, 1975, table 3).

The processing and canning technology adopted in the Philippines is
more integrated than in Taiwan, while the plants are more capital intensive
and of larger scale. The two producers in the Philippines have all their
processing facilities on one site, while the Taiwanese operations are dispersed,
not only because of the large number of companies, but also because
operations are often dispersed within a company. For example, the Taiwan
Pineapple Corporation uses five different plants. Differences in technology
are illustrated in table 5.18. As this table indicates, there are significant
differences between the two plants in the Philippines as well as between
each of the Philippine plants and typical Taiwanese plants.

The differences in plant characteristics between the Philippines and
Taiwan lead to differences in product quality. Taiwanese canned pineapples
supply a lower quality segment of the market, both because of a lack of
well recognised brand names and bccause of less even quality. Nonetheless,
there is a large (and sustained) market for this quality, as indicated by
Taiwan's sustained share of the market. From 1969-73 both the Philippines
and Taiwan accounted for the same share of the market of leading importers
(18.3 percent each of the exports of main exporting countries). However,
over the 1960s, the growth in Philippine exports, starting from a lower
level, was greater than that of Taiwan.

Differences in technology choice and concentration of processing facilities
can be accounted for by several factors:
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(i) Minimum wage legislation in the Philippines was such that average
wages in pineapple canneries in the Philippines were above those
in Taiwan, especially in the early 1960s, as shown in table 5.19,

(i) Infrastructure: Infrastructural deficiences in the Philippines (see below)
meant that canneries in the Phillippines had to provid. come of
their “own” infrastructure, encouraging concentration of facilities
(Dolephil supplied some social investments),

(iif) Organisational differences in processing: The many local companies
in Taiwan naturally led to a smaller scale and more dispersed
processing, in contrast to the situation in the Philippines with only
two companies. But as noted there was also more dispersal within
companies. This was in part due to differences in wages and infra-
structure, etc. It was also due to the differences between multinational
subsidiaries and local companies. Multinational companies tend to
concentrate facilities, thus economising on local knowledge and
contacts and decision-making, and making use of their familiarity
v.ith larger scale techniques from other parts of the world. In contrast,
loca! companies have more dispersed local knowledge and contacts.

(iv) Organisational differences in farming: The Philippine plants were
largely (rot wholly) supplied by plantations, which could provide
uniformity of quality and large-scale supplies, suitable for large-scale
and automated processing. In Taiwan, each of the plants were supplied
by small holder farms, with a number of farms supplying each plant.
This reduces the uniformity of product and therefore the relative
efficiency of large-scale and automated processing plants. Smaller scale
and less automatic plant: can cope better with less uniform com-
modities %r processing.

Example: Bananas. In Taiwan, banana: have heen grown by small
holders in two provinces, Taochung and Kaoht'ung, at a low level of capital
and technology, but with considerable government assistance with fertilisers,
pest control, irrigation, and erosion control, Exports are organised by three
groups of exporters—two producer groups and representatives of Japanese
importers. Before 1963, the Japanese market was entirely served by Taiwan,
with homogeneous fruit “subjecc to little quality control, no branding and
produced as iow-scale, low yield, low technological input enterprise” (Read).

In 1963, the Japanese liberalised the market for banana imports. Feom
1963-1966, Taiwanese production and exports grew very rapidly, from 3.4
million to 20.4 million 40 pound boxes. After 1966, the major multinational
companies entered the market, and after a short period in which they
procured supplies from Ecuador, they adopted the Philippines as their main
source of supplies. Three companies developed facilities in the Philippines:
the Standard Philippine Fruit Company (Castle and Cooke), Philpack {Del
Monte) and United Brands, The three companies had varied arrangements
to secure supplies. Stanfilco ard Philpack contracted local businessmen to
acquire land and provide supplies. United Brands entered into an agreement
with the Tagum Agricultural Development Company; a large Filipino £ompany
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which operates plantations. Each provided technical assistance, fertilisers,
pesticides and financial assistance to local suppliers. Each operated on a
large-scale and with expensive and sophisticated equipment for branding,
packing, transport, and refrigeration.

The effects of multinational companies’ production in the Philippines
was to reduce the Taiwanese share of the Japanese market sharply, as shown
in table 5.20. Taiwan’s share of the market fell because Taiwanese exporters
could not compeie with high quality, pleasant looking, differentiated (by
branding) and advertised bananas. Tie-ups between the MNCs and Japanese
retailers were largely responsible.

In some ways, the comparison is similar to the pineapple case, with
dispersed smallholder production and decentralised processing facilities with
low levels of capital and technology in Taiwan, and muitinational dominated
organisation in the Philippines, using sophisticated and expensive equipment,
and securing supplies mainly from large scale farmers or plancations. In
Taiwan, the government provided various facilities—advice, fertiliser, pes-
ticides, etc.—which made smallholder production vossible. In the Philippines,
there was less government assistatice and the MNCs provided these facilities.

The major difference between the two examples is that the MNC product
quclity in bananas combined with restcictive marketing arrangemeats (i.chieved
thrcugh a combination of high quality control, branding, and advertising)
successfully ousted the lower-quality and unadvertised Taiwanese product.
The Taiwanese did not find a sufficient market for the lower quality product,
as they succeaded in doing with pineapples.

Example: Rice Processing (Pre-milling and Milling). One of the most
significant forward linkages in rice-grewing areas is rice processing. This
includes threshing, drying, handling, and milling. The implications—in terms
of income distribution and employment—of this forward linkage depend
critically on the choice of technique for these activities. There are a great
variety of methods for post-harvest rice processing, ranging from traditional
methods which are very labour-intensive, to large-scale mechanised tech-
niques, for both pre-milling (threshing and drying) and milling activities.
Most of the technology used in this area in the Philippines is highly labour-
intensive, bur more capital-using techniques are being introduced, while
government policy is accelerating mechanisation.

It is helpful to analyse the implications of technology choice in pre-
milling and milling separately.

1. Pre-milling. In the Philippines, there are two areas where machinery
is being introduced—for threshing and for solar drying. In both, traditional
methods use ro power, with very simple tools. For example, a stick may
be used for threshing and rice may be dried by laying it out in the sun.
Labour requirements fall sharply with mechanisation; mechanical threshing
reduces labour used by about three-quarters, while drying machines use
about half (or less) the labour of solar drying (see IRRI, 1978, and table
5.21). In absolute terms labour requirements per ton are much greater for
threshing than for drying and the labour saving from mechanisation is
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much greater in threshing (on the order of 32 hours per ton) than drying
(with a saving of four to eight hours per fon). Grain losses during processing
are somewhat lower with mechanised techniques. On average, it is estimated
that the loss is 3.6 percent with mechanical techniques, compared with 4.6
percent with traditional methods (IRRI, i978). There are also slight quality
differences. More mechanised techniques lead to slightly higher quality.

A survey in the Bicol area showed that sun-drying was substantially
cheaper than mechanical drying, but mechanical threshing was significantly
cheaper than manual methods, when labour costs were calculated at the
market wage rate. However, these labour costs for manual methods were
all ir. kind rather than in cash since family labour was employed or other
labour paid in kind, whereas over half the costs of mechanical threshers
were in cash. For farmers with limited access to cash (that is, subsistence
farmers), manual methods would be preferred. Family labour may have a
much lower real (opportunity) cost than the market wage rate in those
cases where family members would not seek outside work at all, or where
they might but only at a much higher wage than they are prepared to
work for on the family farm. Thus the cost estimates (shown in table 5.22)
suggest that mechanical threshing is likely to be the most profitable choice
for commercial farmers who have to hire labeur for threshing, but manual
methods may be the appropriate choice for family farms. The solar method
of drying is unamliyuously the best method for all types of farmer, according
to this survey. These calculations ¢ - at market prices, not social or shadow
prices. But there is no reason to believe that, in this context, social prices
would differ substantially from market prices, except for family labour which
has already been discussed.

The evidence on costs, reported above, concerns axial flow threshers.
Portable threshers have substantially lower capital costs (one quarter or less)
than axial flow threshers. They are also more suited to areas with poor
roads. Their breakeven output levels are substantially less, and they are
simpler to produce and maintain, However, they also displace labour and
reduce the wuge scale, as shown in chapter four.

To summarise: In post-production pre-milling activities, a combination
of hand threshing or low cost portable machines and sun-drying methods
seems to be the most appropriate choice for small farmers in the Philippines,
except where real labour costs are extremely low (substantially below market
rates), when traditional manual methods of threshing remain appropriate.
A survey of 137 farmers in three villages in the Bicol region in 1976-77
showed 38 percent using mechanised threshers, with the rest adopting a
variety of manual methods. Almost all farmers used sun-drying methods
(TRRI).

2. Milling. There is a distinction between village mills which process
locally produced rice for local consumption, and commercial mills which
handle supplies for the urban areas, ‘While most rice in the Philippines is
milled in decentralised and fairly small-scale mills (compared with modern
integrated plants), the commercial mills adopt a different technology from
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the village mills and are generally on a somewhat bigger scale (see table
5.23). The most commonly used village mill is a kikisan type which consists
of a steel huller, but some mills combine steel hullers with rubber-rolls,
Commercial mills chiefly use cono type mills. Village mills are generally
small, and need to be able to mill rice in small batches. While commercial
mills tend to be larger, there is some overlap, the smaller commercial mills
being no larger than medium size village mills.

Technical comparisons between the mills observed in the Bicol survey
showed no marked differences in recovery rates. Steel hullers have a
significantly higher proportion of broken rice than cono-type mills or mills
combining rubber rolls with steel hullers. Total capital costs are lowest for
the steel hullers and greatest for the cono mills. Labour costs and other -
variable costs are rather similar across mills per ton milled.

The relative profitability of different mills depends critically on capacity
utilisation. With 100 percent capacity utilisation (defined as 12 hours per
day and 24 days per month), the costs per ton of the steel hullers would
be the lowest, at $4.09, compared with $6.69 for the largest (and cheapest)
of the cono mills. A national survey in the Philippines also showed that
with equal capacity utilisation, the village mills were the cheapest (see A
Profile of the Philippines Rice Milling). But the IRRI survey showed that the
actual utilisation rate was very low for the steel hullers (12 percent) and
very high for the large cono mill (97 percent), and at these rates costs were
lower for the cono mill. One village mill which combined a stcel huller
and a rubber roll had a fairly high utilisation rate (77 percent) and its costs
per ton were below those of the large cono.

In general, it is probable that village mills will have low capacity utilisation
because of the small lots involved in milling for local consumption. This
is likely irrespective of the technology. The level of utilisation of the
commercial mills should be much higher—again irrespective of technology.
Consequently, in analysing the net benefits from different technologies, equal
capacity utilisation should be assumed, within each category.

The cost analysis (contained in table 5.23) suggests that for rural con-
sumption—where in principle a 50 percent capacity utilisation is achievable—
steel huller; are the most appropriate technology, with lower total costs
and lower capital costs. But this conclusion only holds if the lower quality
of rice is acceptable to rural consumers. As quality requirements rise, the
combined steel hullers and rubber roll mills become the appropriate choice.

For commercial production (that is, for urban consumption), the rubber-
roll/steel huller combination is preferred over the cono mills. The quality
of rice produced is very similar, while the costs per ton are lower, given
equal capacity utilisation. Capital costs in total and per worker are much
lower; the smaller scale and lower capital costs make the technology more
accessible to small local entrepreneurs. It is possible that local manufacture
of this technology could further reduce capital costs and increase linkage
effects.

As rural per capita incomes rise, the marketable surplus consumed outside
the area will rise, increasing the extent of commercial milling. With existing



162 Gustav Ranis and Frances Stewart

milling patterns, this would lead to 2 switch towards large-scale cono
techniques which would both rrduce opportunities for small-scale entre-
preneurs as compared with smalier scale mills, and be associated with iower
local linkages costs since local production of the machinery is possible for
the steel huller/rubber roll combination but not for the cono mills.

Therefore, to maintain the high forward linkage effects of rice production,
it is important to encourage the use of the steel huller/rubber roll type
mills for commercial supplies. Technological improvements in this type of
mill (which are being investigated by IRRI) would help. Government and
aid donor policy towards the industry is also of major importance.

3. Government Policy in the Philippines towards Rice-Processing. Until
recently small-scale decentralised techniques have dominated rice-milling in
the Philippines. However, government policy in the Philippines is to encourage
modernisation and mechanisation of post-production rice processing methods.
The major objective seems to be to maximise the supplies of high quality
rice to the urban areas and eventually for export. Effects on rural employment
and income distribution do not seem to be taken into account in formulating
this policy. For example, the government is encouraging farmers’ associations
to acquire threshers by offering credit facilities on easy terms and by
providing threshers (of the large-scale variety) for its grain centers. It is
also providing mechanical dryers.

In milling, the National Food Authority has decided to se: up four
integrated milling complexes in the major rice producing areas to produce
a better quality of rice. It has also launched a modernisation programme
for private sector (cono-type) mills, making licensing dependent on milling
efficiency and providing credit facilities for modernisation.

Government policy is supported by some aid-donors. In the Cagayan
Valley, the Asian Development Bank (ADB) is helping to finance a major
integrated rice-processing complex, designed to process 100,000 toas of
paddy annually. This compares with an annual capacity of 1,630 tons for
the largest cono-mill in the Bicol survey, and 619 tons capacity of the steel
huller/rubber roll combination, the technology identified above as most
appropriate. The ADB project will also provide a number of large threshers
and mechanical driers. In addition, the ADB is supporting a modernisation
programme for cono-mills, providing relatively low-cost credit for approved
modernisation. The scheme covers mills of 1,000KG. to 4,000KG.—which
are larger than the cono-mills described above, but much smaller than the
new complexes being built. Estimated cost per mill is $38,857 (that is, five
times the cost of a single steel huller/rubber roll combination).

Government policies (supported in this case by the ADB) are thus
promoting mechanisation of rice processing, with greater concen:ration of
milling in a few large-scale ceritres. If the policy continues, the decentralised
small-scale processes which have been prevalent in the Philippines, and
have been reflected in the high forward linkage effects of rice production
(illustrated above), will be displaced as rice production grows.

Conclusions from Examples of Forward Linkages. Comparisons be-
tween the Philippines and Taiwan with respect to bananas and pineapples
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show similar differences in location of processing and choice of technique
in the two cases. Taiwan has used more decentralised and labour-intensive
methods in each case. The major factor accounting for this is the organisational
difference, with multinational companies dominating in the Philippines and
local companies in Taiwan. The Taiwan government provided more technical
support, thus facilitating local companies. For hoth fruits, the product quality
associated with large-scale multinational processing was “higher” than when
local companies were responsible. For pineapple., Taiwan’s local companies
succeeded, nonetleless, in maintaining their share of the international
market, aiming at the lower-income segment of the market. However, in
bananas, the multinational brand names and marketing arrarigements ousted
the apparently lower quality Taiwanese bananas in the Japanese market.

The examples of rice processing were taken from the Philippines. In
pre-milling activities, sun-drying methods were superior to mechanical driers
in the Philippines context. Low-cost portable threshers were more appropriate
(and lower cost) than large-scale axial flow threshers and, in most circum-
stances, more efficient and lower-cost than manual threshing. In milling
there are a variety of low-cost small-scale techniques in the rural areas.
The most labour-intensive tend to produce a low-quality rice. But quality
can be improved by a rubber-roll/steel huller combination which results
in lower-cost milling than the cono-mills, for equal capacity utilisation, and
produces rice of similar quality. Since the car:tal cost per mill is substantialiy
lower, this technique permits a much greater spread of opportunities.

In both pre-milling and milling, Philippine government policy—in col-
laboration with the Asian Development Bank—is promoting substantial
increases in mechanisation. The policy has been justified as required to
raise the quality of rice-processing and to ensure a steady supply of high-
quality rice for the urban areas and eventually for export. However, the
quality of rice can be raised by improvements to the village mills. The
assessment of the mechanisation programme seems to have neglected the
costs involved in the destruction of rural opportunities.

In Taiwan, decentralised methods of cantiing vegetables (mushrooms and
asparagus) also provided substantial rural employment opportunities. These
were not present in the Philippines, since these crops were not grown,

In addition to the factors discussed above, differences in infrasiructure
have influenced choices and opportunities in every case. These are discussed
in the naxt section.

Infrastructure

The discussion above has focussed on the factors leading to high local
linkages from the perspective of demand. Favourable demand factors lead
to a potential for rural linkages. But the actual development of non-
agricultural activities depends on supply factors as well. A major influence
here is the state of infrastructure. Most indicators show that provision of
rural infrastructure in Taiwan has been substantially greater than in the
hilippines (see table 5.24). In 1950, Tatwan had five times the installed
electricity capacity of the Philippines. In 1975, only 26.6 percent of households
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in the Philippines had electricity, compared with 99 percent in Taiwan
(1979). Taiwan has 2.5 times the highways per square kilometre, compared
with the Philippines. Taiwan’s roads are also of a higher standard, with
over one-half paved comp:ired with just over one-quarter paved in the
Philippines. Taiwan also has. extensive railway coverage. In the Philippines,
the railways are of minor significance, representing an addition of only 4.0
percent tc the highway coverage, compared with 33 percent in Taiwan.

The extensive coverage of rural electrification in Taiwan facilitated the
rapid growth of decentralised industry, including those meeting local demands
and those supplying urban and export narkets. A study of the impact of
rural electrification projects in the Philippines—covering 397,000 people—
showed that within one year of the provision of energy, over one hundred
new enterprises were established, including rice mills, welding shops, meat
processing, ice plants, bakeries, and bunana cracker plants (see Dumol),

The extensive transport network in Taiwan was especially important for
industries supplying urban and export markets. Indeed, the rapid development
of this type of industry—notably food processing and textiles—in the rural
areas could not have taken place without the extensive and high quality
transport network. As noted above, growth in the output of these industries
represents the most significant difference between rural industrialisation in
Taiwan and that in the Philippines. Differences in infrastructure are re-
sponsible for a large part of the differences in rural industrialisation between
the two countries.

A notable feature of infrastructure in the Philippines is its uneven
distribution as table 5.25 indicates, The rural areas in Taiwan benefit fron
amore even distribution as well as from higher average levels of infrastructur.:
facilities than the Philippines.

There have also been significant differences in credit distribution in the
two countries. In the Philippines, credit has been distributed from the top
downwards through a handful of major iastitutions (for exumple, the
Philippines National Bank). In Taiwan, in contrast, credit institutions have
been much more dispersed, with banking and credit facilities attached to
farmers’ associations.

IV. POLICY IMPLICATIONS

The study has shown that non-agricultural activities in the rural areas can
become an important source of work and income. Growth in agricultural
output is a vital precondition for expansion of non-agricultural activities in
the rural areas. The Philippines experience shows thag even where conditions
are not especially conducive to high linkages, growth in agricultural output
leads to substantial growth i non-agricultural opportunities, especially in
the production and distribution of consumar goods and services. The
elasticity of non-agricultural employmenc with respect to growth in agri-
cultural output is greater than one, according to Philippinc evidence: that
is, for a one percent increase in agricultural production, more than one
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percent growth in non-agricultural employment is likely. Consequently, all
policies aimed at increasing agricultural output are relevant to raising non-
agricultural employment opportunities. These include irrigation, research
and development and extension, improving the availability of inputs for
agriculture, such as new seeds and fertiliser, policies towards agricultural
credit, and sustaining the real prices farmers receive for their produce.
Where agricultural output has been stagnant (as in much of sub-Saharan
Africa) reversing this situation is the single most important aspect of
promoting appropriate technology in the rural areas.

The study has shown that the magnitude cf linkages, for any given
increase in agricultural output, varies according to the pattern of agricultural
growth. In particular, the more labour-absorbing the growth, the higher
the linkages. In the Philippines, labour absorption would be increased by
extending irrigation. In 1950 in the Philippines, only 13.9 percent of cultivated
land was irrigated, compared with over 50 percent in Taiwan. By 1975, 26
percent of the rice-growing areas, or 37.6 percent of potentially irrigable
land (according to World Bank estimates) in the Philippines was irrigated,
but there were considerable regional variations, with an average of 47.2
pecent in Luzon (where the land frontier had been reached) and 17.3 percent
in Mindanao. Further investment in irrigation is an important policy tool
for promoting agricultural growth and associated non-agricultural activities.

Labour absorption tends to be greater in small farms than in large farms,
partly because small farms are usually less mechanised, and adopt more
labour-using machinery. This was shown in the Philippines after the land
reforms of the early 1970s, when the ratio of power tillers to tructors
increased substantially. In Taiwan, with typically smaller farms, mechanisation
hzs consisted predominantly of small-scale methods (power tillers and small
threshers). Further measures of lund reform would therefore increase linkages.

Agricultural mechanisation in the Philippines—in which four-wheel trac-
tors have been important—is largely labour-displacing and has little positive
effect on yields. Small-scale machines (power tillers and portable threshers)
are not only less labour-displacing, but also have greater backward production
linkages, because they are often made locally. Mechanisation has been
artificially encouraged in the Philippines by programmes of subsidised credit,
jointly developed by the World Bank and the Government. The net effect
of these and other measures (tariffs, exchange rate, etc.) has been to provide
a large subsidy to mechanisation, especially great for the larger machines.
The negative effect on local linkages further supports the view that there
is no justification for subsidising mechanisation in agriculture in the Phil-
ippines.

Crop composition also affects labour-absorption. Other things being equal,
high value labour intensive crops generate the greatest consumption linkages,
as with asparagus and mushroom production in Taiwan, which had the
additional advantage of being associated with high forward linkages.

The study has shown that choice of technology can vary considerably
with respect to forward linkage activities. In the Philippines, certralised
and capital-intensive methods were adopted in bananas and pineapples,
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largely because of the dominance of multinational companies; in contrast,
in Taiwan, local companies adopted more dispersed, small-scale, and labous-
intensive methods. Rice milling created very large numbers of employment
opportunities in the rural areas in the Philippines, with the growth of rice
output associated with the ceed revolution. But government policy, with
the participation of the ADB, is promoting large-scale, capital-intensive,
integrated rice-processing complexes. The aim, in part, is to secure regular
high quality supplies of milled rice for the urban areas, and ultimately for
export. The implications for rural job opportunities and income distribution
do not seem to have been taken into consideration. The appropriate
alternative—which has been established as technically feasible—is to upgrade
small-scale rural mills.

The availability and distribution of infrastructure are critical factors in
determining the supply response to demands generated by rising agricultural
output and incomes. Extensive rural electrification was essential to Taiwan's
pattern of rural industrialisation. In the Philippines, rural electrification has
been much less extensive, and shows considerable regional imbalance. Taiwan’s
high quality and extensive road and rail networks have also been important
in making rural Taiwan attractive for location of some unlinked activities,
for example, textile exports, which located in the rural areas to a much
greater extent than normal. A more balanced distribution (and high leve!)
of social infrastructure (doctors, nurses, clinics, schools, and so on) in
Taiwan has also provided the conditions for decentralised industrialisation
by reducing the power of “urban pull” for successful entrepreneurs.

Taiwan's general development strategy—with more realistic prices and
less import protecticn—undoubtedly favoured rural industrialisation, com-
paratively, since the policy gave much more importance to genuine (as againat
artifically created) cost advantages. Consequently, the low cost of labour in
the rural areas and the competitive advantages of small-scale and labour-
intensive techniques gained more leverage than in the Philippines.

Taiwan has had more favourable conditions with respect to local linkages
on every count that we have identified as important—size of farm and land
distribution, mechanisation and labour absorption in agriculture, organisation
of forward processing activities, and extent and distribution of infrastructure.
However, growth in agriculture in the Philippines has been associated with
flourishing non-agricultural development in the rural areas, though not at
the same rite of expansion as in Taiwan, suggesting a similar potential if
the policy environment were as favourable. In the final gection, we shall
consider the political dimension to securing a more favourable policy
environmer.t.

V. THE POLITICAL ECONOMY
OF APPROPRIATE POLICY CHOICES

This section discusses the political factors underlying policy choices. The
analysis is concerned primarily with the Philippines, since it is there that
we have identified the need for some substantial policy changes.
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In the last section we identified the following policies as promoting
appropriate technology in the rural areas, through enhancing rural linkages:

¢ Policies to promote agricultural production, including policies towards
agricultural prices and credit, and investment in infrastructure;

» Land reform;

* Removal of any artificial encouragement of meéhanisation;

¢ Encouragemer:t of high value labour-intensive crops;

* Development of rural infrastructure, both “productive” (electrification,
roads/rail) and social (schools, hospitals, etc.);

* A balanced provision of credit (in quantity and terms) as between
urban and rural, large and small-scale activities;

* Support for small-scale local companies for forward processing activities,
as against the large-scale integrated plants of the MNCs and government.
This involves assistance in technological upgrading and technical in-
formation services, as well as policies towards infrastructure and credit.

The main interest groups that would be affected by these policies may
be classified as follows:

Domestic: Rural
* Landowners and large-scale farmers
* Small farmers/tenants
 Landless labourers
* Rural entrepreneurs

Domestic: Urban

* Elite/“cronies”—bureaucrats managing parastatals, owners and managers
of large-scale private farms, managers in MNCs

» Urban workers employed in formal sector

* Urban employed in informal sector and urban unemployed

Foreign
¢ Aid donors, bilateral and raultilateral
« MNCs

Matrix 5.1 shows gains (G) and losses (L) from the various policy measures
identified. N indicates a neutral position, while U indicates uncertainty.

The political economy of decision-making depends not only on potential
gains and losses of various groups, but also on their political power. This
varies between countries and over time, according to changing circumstances.
It is difficult, and inevitably somewhat subjective and arbitrary, to attribute
political power to different groups. Table 5.26 provides an illustrative system
of weighting for the Philippines, roughly reflecting the situation in 1984
while Mar:os was still in power.
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Applying this weighting to the various policies provides a way of indicating
(very roughly, of course) the net political advantages of the various policies,
as shown on matrix 5.2,

L. Political feasibility: In the present political system, where the influence
of large landowners, the elite, and foreign interests are paramount and the
influence of the small-scale sector, especially in the rural areas, is small,
many of the policy changes which would promote rural industrialisation
show negative net political advantages. Three policy changes have a positive
outcome: policies of agricultural investment; expenditure on rural infra-
structure; and policies to change the crop composition towards high-value

ur intensive crops. In so far as the first two policies require additional

theless, these policies are less likely to meet decisive political opposition
than most others, Moreover, additional revenues are likely *o become available
at the local government level if the expenditures are for locally planned
infrastructural projects. Policy towards crop composition requires further
research to identify possibilities, obstacles, and incentives required.

2. By strongly supporting (or opposing) particular policies, aid donors
can influence the outcome, especially where they are directly involved. For
example, if the World Bank reversed its policy for credit for agricultural

processing complexes, this might be decisive. Where the net gain or loss
is relatively small, the aid donors might change the outcome. According to
the matriv, this might be the situation, in relation to agricultural price; and
credit.

(as one would expect) current political influence in the Philippines: in
Particular, the small influence of landless labourers and rural industrialists,
and fairly smal! influence of small farmers, leads to the net disadvantage of
measures such as land reform, reform of credit to favour small-scale
entrepreneurs and general support for small-scale processing and production.
It is possible that the changing situation in the Philippines—after Marcos—
will change the perception of political significance of various groups. The
matrix of net advantages would then change.

Taiwan adopted most of the policies discussed above during the 1950s
and 1960s. This reflected a different conjuncture of political interests. The
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Chinesz from the mainland, who ruled from 1949, were free from the
oppressive influence of local elites {landlords and urban capitalists). They
were anxious to achieve self-sufficiency in food, and were therefore pro-
agriculture; they wanted to avoid large inequalities emerging, especially in
view of the implicit comparison with Mainland China. Rural industrialists
had more influence over government policy, and this was cumulative; as
their economic power grew, so did their political power. In addition, the
United States exerted leverage over the economy at this time, and used it
to achieve price and trade policies which proved conducive to the rapid
expansion of labour intensive exports of food and textiles. Multinational
companies had only a minor role, and a correspondingly small influence.
The political matrix of the Philippines put forward here largely reflects
short-term advantages and disadvantages. The Taiwan experience shows that
from a longer run perspective, the advantages and disadvantages may change.
For example, long run prosperity enhances the long run security of the
elite, and may therefore be considered to be worth short run losses.

VI. CONCLUSION

This chapter has shown that agricultural growth can be a very substantial
source of rural employment opportunities in industry and services. Significant
effects may occur even where the policy environment is not especially
favourable. Where government policies towards agriculture, processing, and
infrastructure support linkages, the employmert effects of increases in
agricultural output may be doubled. Even without such favourable policies,
agricultural growth using appropriate technology can be more important
to the spread of employmert in the rural areas than any other single policy
to promote AT. A development strategy which strengthens the agricultural
sector and supports rura! industrialisation leads to stronger growth in both
agriculture and rural inlustry since linkages between the two mean that
their growth path is m rually strengthened.
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TABLE 5.1
Size of establishment by xegion, Philippines, 1975

% of employment in Manila Luzon visayas Mindanao

& Rizal
Households 29,9 56.8 68.2 51.7
Ests, with < 10 12.6 19.8 12.7 24,9
Ests. with > 10 57.5 23.4 19.1 23.4
Tcetal 100 100 100 100

Source: Anderson and Khambata, Table 6.9.

TABLE 5.2

Capital/labour ratios in manufacturing, Philippines, 1974

Households 1.4
5-19 emp. 4.7
20-49 8.7
50-99 15.2
100-199 19.7
200+ 25.8

Source: Anderson angd Khambata, Table 8.7.

TABLE 5.3

Ratio of urban to rural capital/labour ratios

1966 1970

Manufacturing 8.2 Manufacturing 2.0
Food processing 11.7 Mining 1.4
Textiles 20.1 Construction 4.6
Non-electric 29.5 Utilities 5.5
machinery Trade 1.6

Services 4.2

Source: Galenson, Table 3.12; Ranis (1983), Table 5,



TABLE 5 . 4

Income distribution in the Philippines and Taiwan

Philippines Taiwan
1956 1961 1971 1953 1959 1964 1972

Share of income of lowest 40% of households:
12.€ 12.1 11.9 11.3 15.4 20.3 21.9

Share of income of lowest 20% of households:
4.9 4.9 3.9 3.0 5.7 7.7 8.8

Share of top 20% of households:-
55.1 56.4 53.9 61.4 51.0 41.1 38.6

Gini coefficient:
0.48 0.50 0.49 0.56 0.44 0,33 0.29

1981

22,6

37.1

Source: Kuo et al. Table 2.15, 3.1, 5.2; ILO (1974),

Report on the Survey of Personal Income Distribution in

173

the Taiwan Area, DGBAS.

TABLE 5.5
Average growth of GDP by industrial origin
$ p.a.
1960-1950 1970-1982
GDP p. 5.1 6.0
T. 9.6* 8.7
Agriculture P. 4.3 4.8
T. 4.2* 1.4
Industry P. 6.0 8.0
T. 15,.4* 10.6
Services P. 5.2 5.2
T. 9,7* 9.1
*1962-70

Source: World Development Report, 1980 and 1984, world

Bank; Statistical Yearbook Republic of China, 1984.
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TABLE 5.6

Changes in employment and labour productivity

%p.a.

Taiwan Philippines
1960-79 1960-80

Employment:
Agriculture -
Industry

~No
.
wwo

Labour Productivity:
Agriculture
Industry

LV )
~3 N
NN
.
-
»

*1960-79

Source: Oshima, H. (1983 and 1984); i, Rwoh~Ting and
Tzong-Shia.:, Yu (eds.).

TABLE 5.7

Export performance
% growth in exports p.a. (real terms)

1960-70 1970-1978
Philippines 2.2 5.5
Taiwan 23.7 9.3
Composition of exports: 1960 1980
T. P. T. P,
8 agricultural products 67.7 86 9.2 392
of which processed 55.7 n.a. 5.6 n.a.
Industrial products 32.3 4 90.8 454

a1981

Source: World Development Report 1980, 1984, World
Bank; Monthly Statistics of Exports and Imports,

Taiwan; Tzong-Shian Yu.



TABLE 5.8

Formal Sector Bmployment, Gapan Area, Philippines, 1961-1971

RETAIL TRADE-~
C-goads
Durable goods
SERVICES-
Restaurants, refresh.
Barbers
Billiards
Amenity shops
LIGHT TRANSPORT-
Passenger jeepneys
Servicing shops
Calesas/pedicabs
Tricycles(motorised)
TRADES-
Tailoring
Dressrmaking
Bakeries
CRAFTS-
Sash works
Iron works
Furnishing

Empl
1961

308
14

350

55
16
37

8
6
27

Source: Gibb, Chapter VII.

t
1971
611
89

177
120

Empl
1961
CONSTRUCTION-
Contracting 48
Materials supply 30
Cement prod. -
Gravel/sand 57
SPECIALITY INDUSTRIES-
Sandals 80
Rattan furniture 38
Needlework 43
Other 195
PUBLIC SERVICES 914

AGRO-INDUSTRIES PRIMARY-
Agric. input dealers 16
Rice mills,trucking 268

Rice dezalers 56
Other 40
SBCONDARY-

Service stations 23
Transport shcps 35
Vehicle bady builders 21
Equip. assembly 1
TOTAL 2,934

t
1971

196
61
84
70

346
123
125
196
1,560

45
730
140

80

78
56
33
30

6,643

si1
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TABLE 5.9

Rural non-agricultural employment in Taiwan

1930* 1956 1966
TOTAL, '000s 381 573 488
8% of total rural 24.4 29.3 48.8

employment

% non-agricultural employment

Mining an 6.4 3.6
Manufacturing 20.4 26.8 22,2
Construction 4.7 4.7 3.0
Utilities 0.4 1.1 0.8
Commerc.- 27.5 15.9 11.1
Transportation and

Communication 9.9 6.8 4.6
Services** 16.7 36.1 4l1.8
Other 12.3 2.1 12.8

*Includes nine second-rank towns.

**Iacludes public service, education, personal services
and other.

Source: Hu, Table 2,
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TABLE 5.10

Annual growth rates in rural employment, Taiwan

1930-56 1956-1966
Rurzl and Towns*  Rural Towns

Mining 3.0 3.4 9.2
Manufacturing 3.3 7.1 6.9
Food 4.3 3.2 4.7
Textile 4.1 3.2 4.7
Wood, etc. 0 7.9 6.0
Purniture 7.7 6.9 6.9
Chemical 5.7 6.0 9.2
Non-metals 4.7 6.0 4.1
Metallic Products 12,6 1L.7
Machinery 4.7 6.1 -0.5
Transportation

equipment 10.7 10.7
Construction 2.5 9.0 9.2
Utilities 6.5 6.6 5.9
Trade 0 5.1 5.3
Banking, etc. 12.2 12.7 9.8
Education 7.3 6.4 7.2
Personal services 6.1 4.0 1.4
Other services 2.5 5.3 6.1

*Includes nine towns second in rank aiter seven largest
cities,

Source: Ho.
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TABLE 5.11

HOUSEHOLD TYPE INCOME PER SAVINGS LOCAL FOO0D

HOUSEHOLD PROPENSITY2 PRODUCTS EXPORTS

pesos LINKAGEP ag g of

consumption

Non-agricultural 17,830 0.28 0.435 42.5
Irrigated fam 7,876 0.19 - 0,655 54.6
Rainfed lowland 5,097 -0.01 0.744 58.7
Rainfed upland 3,408 -C.27 0.944 65.5

Source: Wangwacharakul, Table 7, A4l, 8.

3gxpenditure on consumeyx durables is not included in
consumption.

brocal production linkage is § increase in local
production, including food, in response to 1% increase
in household income,



1950
1960
1964
1970
1980
1982

1952
1965
1974

Source:

TABLE £.12

Labour-use per Ha in Taiwan
Days per hectare

BY CROP
Other
Rice (2 crops) Common Crops Sugarcane Mushrocms

121 117 270 n.a.
209 123 275 n.a.
217 126 255 270
206 131 225 270
124 107 130 200
111 109 110 180

BY REGION

Mainly rice-growing Rice/sugarcane Bananas/pineapple

287 296 314
357 355 312
321 363 227

Taiwan Agricultural Council; Galenson, Table 2.15.

Asparagus

n.a.
n.a.
700
730
530
300

Tea

276
302
227

6.1



Rice
Rootcrops
Sugar
Bananas &
Pineapples
Citrus
Vegetables

TOTAL

Most labor-
using

Least lsbor-
using

Intermediate€

aVegetables.

TABLE 5 .13

Crop Composition, Philippines and Taiwan

Metric tons as % of total of crops

shown Index of Growth

Philippines Taiwan Philippines Taiwan

1960 Iggﬁ 1983 1961 T978 I§7751930 197871961
48.7 40.5 40.6 26.7 28.7 1.8 1.2
18.4 16.9 14.0 45.8 17.2 2.0 0.5
23.6 18.4 18.0 12.2 8.5 2.0 0.8
5.7 20.3 24.3 3.7 5.1 6.5 1.6
0.6 0.7 0.7 0.7 1.5 2.9 6.8
3.0 3.2 2.5 lo0.8 33.1 2.2 3.5
100 100 100 100 100 2.2 1.1
3.0 3.1 2.5 10.8 33.1 2.2 3.5
24.7 39.5 39.0 50.2 23.8 3.0 0.6
72.3 57.5 58.6 38.9 27.2 1.9 1.9

bRootcrops, citrus fruits, bananas and pineapples.

CRice and sugar.

Source: Hou and Tzong-shian; Taiwan Agricultural Yearbook; Philippines Statistical

Yearbook.
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TABLE 5.14

Agricultural machinery

Type H.P.
Power tiller 6-8
Tractor 35
Irrigation pump, 4" 5
Portable Thresher 7
Large axial flow
thresher 12

Source: Ahammed and Herdt, Appendix B.

Phil.
added as %
selling price

43.9
4l.0
52.6
49.8

45.7

value

181

Labour cost as
% selling price



1.
2.
3.
4.

5.
6.
7.
8.

9.
10.
11.
12.

TABLE 5.15

Direct 2nd indirect employment effects of increasing rice production

Effects of 1% extra rice production

Power

Carabao
Power tiller
Power tiller
Tractor

Caraban
Power tiller
Power tiller
Tractor

Caxrabao
Power tiller
Power tiller
Tractor

Source: Ahammed

Irrigation

gravity
gravity
gravity
gravity

4" pump
4" pump
4" pump
10" nump

rainfed
rainfed
rainfed
rainfed

and Herdt.

Threshzr Direct emp.
0N0s
hang 14.5
hand 15.9
~=all portable 12.4
Lexge axial flow 11.2
hand 23.7
hand 21.7
small portable 17.4
large axial flow 9.0
hand 11.¢
hand 9.7
small portable 7.3
large axial flow 5.3

Irdirect

27.5
27.1
27.6
24.8

31.3
31.3
31.6
28.0

20.0
18.3
19.7
17.7

Total

42.0
43.0
40.0
36.0

55.0
53.0
49.0
37.0

31.0
28.0
27.0
23.0

Share of income
of landlord

0.44
0.41
0.50
0.49

0.37
0.37
0.46
0.58

0.33
0.45
0.51
0.54

81
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TABLE 5.16

Sales of agricultural machinery, Philippines

Year Four-wheel Power tiller
tractor

1960 588 n.a.

1964 950 1,5052

1968 1,630 1,873

1972 1,120 1,408

1976 1,074 8,937

19802 433 2,298

dcumulative total, 1960-65.
bIncludes sales from January to August only.

TABLE 5.17

Production and sales of hand tractors in the Philippines

Year Domestic Imported Total % domestic
machine machine
1972 336 1,072 1,408 24
1973 2,073 1,047 3,120 66
1974 2,338 4,383 6,721 35(63)*
1975 5,225 5,852 11,077 47(58)*
1876 5,670 3,682 9,352 61
1977 6,206 2,659 8,865 70
1978 6,519 2,794 9,313 70

*Numbers in brackets indicate share of domestic production,
when special purchases of imported machines by the Department
of Agrarian Reform are excluded.

Source: Mikkelson.
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TABLE 5.18

Technology in pineapuie canning: Philippines and Taiwan

PHILIPPINES TAIWAN
(1) (ii)
Capital* cost: 141,348 56,555 23,382
1972 prices, $
Labour requirements 26-33 25-37 25-33
Capacity per minute 75 60 32
(cans)
H.P. 24 13 12.5
Capital per worker, $ 4,283~ 1,529~ 709~
5,436 2,262 93%
(i) Dolefil
(ii)Philpack

*All operations, including pineapple corers, cutters, and
canning.

Source: Armas, 1975, Table 1.

TABLE 5.19

Averacge wage rates in pineapple canning

(U.S. $ p. hour)

PHILIPPINES TAIWAN
1960 0.225 0.070
1965 0.192 0.125
1969 0.190 0.177

Source: Armas, 1975, Table 9.



TABLE 5.20

Banana imports into Japan

{(million 40 lb. boxes)

1960 1967 1970 1976
Ecuador - 4.4 25.8 1.8
Philippines =~ - 3.0 39.4
Taiwan 2.3 21.8 11.8 4.5
Rest of
world - 0.4 6.0 0.2
TOTAL 2.3 26.5 46.5 45.9
Source: Read.

TABLE 5.21
Labour Requirements: man hours, per ton

All traditional 56
Mechanical threshing, solar drying 23
Mechanical threshing, drying machines 18

Source: IRRI,

Costs of alternative techniques

1978, Table 1l0a.

TABLE 5.22

$ per ton
Manual Mechanical

Threshing

Cash - 2.08

Non~cash 7.91 2,21

TOTAL .91 4.31
Drying

Cash - 6.30

Non-cash 1.61 0.65
Source: IRRI, 1978, Tables 19 and 21.
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TABLE 5.23

Rice Mills in the Philippinesg*

Labour cost Total cost per ton Capacity, Quality Capital K/L
per ton Utilisation rate- KG/hour Recovery Head rice cost (approx.)
Actualx* 50% 1002 F 4 F 4
"VILLAGE" MILLS:
Steel Huller 1.70 10.80 (12) 5.00 4.09 105-520 63.1-68.7 32.0-48.1 4,734 3,150
Rubber roll/steel 2,20 6.50 (77) 7.91 s5.91 245 69.2 71.3 7,633 5,090
huller
"COMMERCIAL" MILLS:
Large Cone 1.80 6.80 (97) 10.91 6.69 830 70.63 76.75 42,700 17,080
Small Cone 1.80 16.04 (38) 13.50 9.30 240 66.25 75.55 13,301 8,870

*Selection from IRRI Survey.

** Bracketed figures show actual utilisation rate in 1977 survey. Full capacity defined as 12 hours per day, 24 days
per month.

Source: IRRI, 1978, Tables 25, 28, 51, 53, 54, 56. !
—
EVAY
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TABLE 5.24
Infrastructure, Philippines and Taiwan

187

UZILITIES

% households with
electricity

Installed electricity

capacity: Kw per 1,000

people

% households with
telephone

% households with
piped water

TRANSPORT

Highways, metres per
sqg. km.

Paved roads as %

Railways, metres per
sq. km.

1950
27.0

Urban
55.1

Philippines

1975
26.5

1970
95.8
1975
1.1
1975

Rural Total
10.1 23.8

1983
179

26.3

Taiwan

1952 1979
33.0 .17
1950 1970

139.1 719.3
1952 1979
2.C 71.3
1952 1979

Total
14.4 63.8

1974
458

51.7
153

Sources: Statistical Abstracts of Transport and Communications 1974,

Taipei, 1975;

Philippines, Ministry of Public Works and Highways;

Philippine Development Studies, Regional Development: Issues and
Strategies on Infrastructure,N.E.D.A., 1981;

Kuo, Ranis and Fei, Table 2.17;

Ranis in Stewart (ed.), Tables 4.1 and 4.2.



TABLE 5.25

Regional distribution in the Philippines

All Philippines

% of population 100
% infrastructure 100
expenditure, 71-71

% gross value added 100
in utilities, 1974

Power capacity per 74
1,000 people, Kw. 1975

t of GVA in agriculture 100
1974

% of GVA in industry 100
1974

Source: Philippine Development Planning Studies,
Three and Four, National Economic Development Auth

Luzon

54.0
73.8

84.3

98

46.9

74.1

(Metro Manila) Visayas

(23.7)
(28.3)

(71.9)

(17.8)

(45.4)

24,1
13.5

11.8

40

30.5

17.2

Regional Planning Series, N

ority, Manila,

1981.
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Mindanao
21.9
12,7

3.9
50

22.6

- Two,



INTEREST GROUP

Large ilandowners/
parmers

Small farmevs

Lardl2ss labourers

Rural industrialists

Elite/crounies
Urbtan workers
Urban u/e, informal

Aid donors
Foreign Cos.

g: small gain
G: medium gain
GG: large gain

MATRIX 5.1: GAINS AND LOSSES

POLICY CHANGE

Forward Link

Prorote agric. Folicies within agriculture Rural infra.
Prices/credit Investment Land reform Credit/mech. crop comp. Elect./trans.

G G LL L N G

G *GG G G G G

G G GG G G G

G G G G G GG

1 1 L 1 N N

LL 1 N N N N

LL 1l N N N N

G G N ] N U

N N L L N N

1: small 1loss N: neutral

L: medium loss
LL: large loss

Credit 3upport

=z

- o gzz

e

Small~
ccele
G T
]
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TABLE 5,26

Hypothesizeqd political weight of interest groups

Large Landowners, farmers
Small farmers

Landless labourers

Rural industrialisis
Elite/"cronieg"

Urban workers

Urban u/e ang informal sector
Aid donors

Foreign Cos.

Tocal

15
10
2

1
25
15
5
17
10
1loo0



MATRIX 5.2: POLITICAL VALUE OF GAINS AND LOSSES*

POLICY CHANGE

INTEREST GROUP Promote agric. Policies within agriculture Rural infra. Forward Link
Prices/credit Investment Land reform Credit/mech. crop comp. Elect./trans. Credit Support
Small-
scale
Large landowners/ +1.5 +1.5 -3.0 -1.5 - +1.5 - -
farmers
Small farmers +1.0 +2.0 +1.0 +1.0 +1.0 +1.0 - -
Landless labourers +0.2 +J.2 +0.4 +0.2 +0.2 +0.2 +0.2 +0.2
Rural industrialists +0.1 +0.1 +0.1 +0.1 +0.1 +0.2 +0.2 +0.2
Elite/cronies -1.8 -1.8 -2.5 ~1.8 - - -2.5 =2.5
Urban workers =3.0 -0.8 - - - - - -
Urban u/e, informal -1.0 -0.3 - - - - - -
Aid donors +1.7 +1.7 - ? - ? ? -?
Foreign Cos. - - -0.5 -1.0 - - - -1.0
NET GAINS/LOSSES -1.3 +2.8 -4.5 -3.0 +1.3 +2.9 -3.3 =3.1

*Calculated by multiplying gains and losses shown in Matrix 5.1 by Z political weight (given in Table 5.26), (where
gains/losses count as +1, -1 (for G.L), +1/2, -1/2 for g.1, and +2 for GG; N counts as zers).
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Appropriate Technology
in Sugar Manufacturing

Raphael Kaplinsky

L. INTRODUCTION

The choice of technology in sugar processing has been debated in the
literature for some time.! In this chapter, we build on these various analyses
in order to subject the specification and choice of appropriate technologies
to more scrutiny. In particular, we aim to illustrate how innovation is
determined by both micro-technological and intra-enterprise factors and by

¢ macro-political, economic, and social environment, In the following
section, we consider the specification of appropriateness in light of the
recent debate on appropriate technoiogy (AT) and choice of technology in

engineering options in a number of separate sub-processes, it is in the
évaporation stage that the crucial technological difference arises. Sugar
crystals (“non-invert sugar”) are produced by evaporating the water in cane
juice. To maximise the avaj ility of this crystal sugar, the major trick is
to avoid producing “invert-sugars” which are dissolved in the molasses and
which cannot be converted into crystals. While many factors affect the
extent of invert-sugar production, once the crushed juice has been cleared
of impurities the major determining factor is the temperature at which the
juice is boiled. The higher the temperature, the greater the proportion of

192
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size of these vacuum-pan (VP) plants gradually increased to a daily crushing
capacity of around 5,000 tons of cane (tcd). Because of the difficulty in
ensuring the availability of such large volumes of cane, many vacuum-pan
plants \vere either designed to operate at a lower capacity’ or, de facto
operated at a lower rate3 whatever their designed crushing capacity.

An alternative process, basically modelled on pre-vacuum pan technology,
continued to be used, especially in South Asia. In esserice, the major
difference was that after clearing the juice of impurities, this process boiled
the cane juice off under atmospheric pressure in open-pans, hence its
acronym “open-pan” {OP) technology. The cost of this small-scale technology,
usually crushing around 100 tons of cane per day, was found in its lower
crystal-sugar recovery rate and a slightly discoloured and unevenly granulated
product which in India at least (but not in Kenya), sold at a lower price
in the final market.* Given these disabilities, the profitability of these OP
plants was at best marginal (Baron, 1975), although, because of the complexity
of market imperfections and government controls, this was not always clear
or reflected in the real-world of plant operation (Kaplinsky, 1983). Then
between 1978 and 1982, a series of improvements was made in the crushing
and boiling sub-processes of the OP technology. These followed a long
period of sporadic research and development. Because these improvements
significantly iricreased sugar recovery rates, cut the labour input, saved fuel,
and realised other minor productivity gains, they seem to have switched
the balance of private profitability in favour of the OP plants (Kaplinsky,
1983).5

II. SPECIFYING APPROPRIATE TECHNOLOGY:
THE DEBATE ON SUGAR PROCESSING

Stewart (1983) suggests that there are two contrasting views on the definition
of appropriate technology (AT). The first is derived from welfare economics
and, through the use of shadow prices, allows the determination of the
AT. The other involves the detailing of particular characteristics of the
choices in question, and is well-represented by the following quotation from
USAID.

In terms of available resources, appropriate technologies are intensive in the
use of the abundant factor, labour, economical in the use of scarce factors,
capital and highly trained personnel, intensive in the use of domestically-
produced inputs.

In terms of small production units, appropriate technologies are small-scale
but efficient, replicable in numerous units, readily operated, maintained and
repaired, low cost and accessible to low income persons.

In terms of the people who use and benefit from them, appropriate technologies
seek to be compatible with local cultural and social environments, (USAID,
1976, p. 191)
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Stewart, in discussing the relative value of each of these methodologies,
suggests that the specific-characteristic approach has tw- major benefits,
First, it stands back from a universal determination of AT for all envi-
ronments.® And second, it is more likely to signpost particular problems
which require action—discounted NPVs have a tendency to “hide” infor-
mation and disguise the complexity of choice.

Both perspectives are found in the literature on sugar processing. Consider,
for example, the following extracts from Forsyth (1977) applying shadow
prices in the estimation of “Appropriate Technology in Sugar Manufacturing.”
He arrives at a specification of AT after calculating net present values based
upon plant-life, shadow-prices, and discount rates of 10 and 20 percert. He
observes that “despite the plethora of comment on the issue [of AT}, there
is as yet virtually no hard evidence cn what actually constitutes the appropriate
technology” (p. 184). This observation is footnoted (after “technolugy”):
“Here defined as that technology which maximises social welfare when
products and factors are shadow priced” (p. 201). Then following a detailed
working of numbers, Forsyth concluded that “the choice of technology
embodied in existing sugar factories in this scale range (for example, in
medium to large-scale VP plants) can be justified and the recent literature
which emphasises the potential of labour-intensive methods is clearly mis-
leading” (pp. 199-210).

The alternative view of listing and contrasting the particular operating
conditions of both VP and OP plants is found in a variety of commentaries,
especially that of M. K. Garg, the individual responsible for much of the
recent technological improvements made in OP technology. (In his last years
Garg worked in The Appropriate Technology Develcpment Association
(ATDA), financed by the Uttar Pradesh state government). Garg lists 15
socio-economic benefits obtained from the mini-sugar technology, including
the production of 10 percent of India’s sugar; a capital investment of Rs
1 billion in rural areas; the employment of 300,000 people in the agricultural
off-season; the generation of Rs 40 million in tax revenues; the establishment
of a machinery building sector with a turnover of Rs 100m; use of only
60 percent as much iron and steel as VP plants of similar capacity; minimal
use of mechanised transport (compared to 60 percent for VP); provision
of repair services to surrounding industry; the filtering down of technology
to the jaggery industries; and a significantly shorter gestation period than
VP mills (Garg, 1979, pp. 13-14). In addition, whereas OP is “producer-
owned,” VP is “entrepreneur-owned” involving “an element of exploitation”
(p. 27). Based on this analysis of the specific operating characteristics, Garg
(as well as the ATDA, the Intermediate Technology Development Group
and others) concludes that in most LDCs, OP constitutes the appropriate
sugar pracessing technology.

For reasons which are now well articulated in the literature (see Stewart,
1983 and the bibliography therein), we believe that the specific characteristics
approach—highlighting choice along a range of dimensions—is far richer
than the social-welfare maximisation methodology in which the AT is
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specified in terms of a single, discounted number. It is as well, however,
to remind ourselves that the specification of an AT is not only a complex
process, but also one which is inherently variable and relative—it all depends
upon whose interests are being considered. As Hagelberg, in his rebuttal
of the application of social welfare maximisation methodologies to the
specification of AT in sugar processing, points out, “Where a product or
process not only admits a choice of technologies, but several are actually
practised, the thesis that one is universally appropriate must be sceptically
examined. Appropriate technology is inherently relative” (Hagelberg, 1979,
p. 894).

III. OPERATING CHARACTERISTICS
OF ALTERNATIVE SUGAR PROCESSING
TECHNOLOGIES IN INDIA AND KENYA

Insofar as it is possible to specify appropriate technology, we agree with
Stewart and others that the specific-characteristic approach offers a richer
perspective than that of social-welfare economies. Thus, in illustrating the
operating characteristics of these two alternative sugar processing technol-
ogies, we abstain from presenting a net present value (NPV) figure incor-
porating shadow prices which not only adjust for market imperfections (for
example the undervaluation of capital) but also consider welfare weightings
(for example rural-urban weighting). Rather we illustrate the implications
of the two alternative technologies with respect to seven issues: factor
utilisation, foreign exchange content, gender division of labour, the decen-
tralisation of economic activity, backward linkages to the local capital goods
sector, the farming systems implied, and the quality of product. Other issues
could have been picked (for example the role of foreign investment, or the
environmental impact), but because we are constrained by space, and because
we are primarily concerned with exploring methodological issues, this
selectivity is unproblematic.

This discussion of the operating characteristics of the two types of plants
is based upon fieldwork in India and Kenya and two different ecological
zones.” In both cases, the analysis considers the performance of the improved
OP plants, operating in two size categories, 100 tcd and 200 tcd. In India
these are contrasted with the performance of the median-sized 1250 tcd
VP mill; in Kenya with that of the best practice 7,000 tcd Mumias mill.
Exchange rates at the time of research (1982) were Rs16.6 = 1 pound sterling
and Ksh18.67 =1 pound sterling. All values are converted into sterling at
these rates.

Factor Utilisation

Taking into account the differential sugar recovery rates, it is possible to
estimate total factor utilisation (of land and labour) in the two countries
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if total 198081 sugar production had occurred through the sole utilisation
of any one of the three types of technologies under consideration. (As we
shall see in later discussion, it is only in Indi» that product quality becomes
an issue, where it is reflected in lower market prices for OP sugar; this
discount has been taken into account in the estimation of private profit-
ability—see Kaplinsky, 1983). The results of this analysis are striking, In
India, if 200 tcd OP technology is considered, there is a threefold increase
in aggregate employment using only 70 percent of the investment in VP,
in Kenya, the employment increase is almost sixfold, and the capital cost
only 27 percent.

With regard to land utilisation, the attractiveness of OP to LDC policy
is less obvious; because of its lower Sugar recovery rate, the land needed
for cane is higher by about 15 percent. In both countries land is scarce

remains pertinent to evaluating technical choice in this sector,

Foreign Exchange Utilisation

In India, both VP and OP machinery is produced domestically with local
raw materials, although in some specialised parts of VP plants, small quantities

to exports of equipment, both VP and OP technology are sold abroad.
Therefore, the foreign exchange implications of choosing amongst these
alternative technologies in India are incidental,

The same is not the case for Kenya, where only OP technology is made
locally, thoughk with some imported inputs (probably one-third to one-half

exists with regard to potential sugar exports (Kenya has a small quota of
50,000 tpa under the Lome Convention), but as yet the country is not self.
sufficient in sugar, and, in 1982, domestic prices were almost double the
free-market world prices. Finally, most of the VP mills operate under
Mmanagement contracts with foreign firms—in the case of one mill, the
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annual cost of this contract is equivalent to the erection of nearly four 200
ted OP mills. Thus, in Kenya, the choice of VP technology is undoubtedly
accompanied by significantly higher foreign exchange costs.

Gender Relations in Production

In Kenya, this is largely a non-issue since, with the exception of office
cleaning staff and secretaries, almost no women are employed in sugar
production. The situation in India is however more complex because there
are significant differences between the North and the South. In the South,
women (and children) are employed in OP plants in all processes. In VP
mills they are largely confined to marginal tasks in the office; a plus thus
for OP, if the objective is to increase the employrment of women. In the
North, the situation is more complex since historically the only directly
productive role played by women was in the drying of bagasse, a task which
has been eliminated (displacing around one-fifth of the labor force) by the
recer.: technological improvements mentioned later. Thus, outside of the
impact of these recent technological improvements, it is not so much the
technologies themselves which affect the gender division of labour, but the
pattern of social relations within which these alternative technologies are
generally innovated.

The Decentralisation of Economic Activity

Reference to table 6.1 makes it clear that the alternative technologies have
very different implications for the location of economic activity. In India,
production via 200 tcd plants involves eight times as many plants as via
1250 ted VP; in Kenya where the comparison is with larger 7000 tcd VP
mills, the differential in plant-number is 31 times. This is an important
consideration not only because the absolute size of enterprises may have
an intrinsic importance,® but also because it enables smaller sized agricultural
areas to be exploited. In Kenya, for example, to feed a 7,000 ted sugar mill
requires around 42,000 hectares, equivalent to 420 square kilometres, whereas
a 200 tcd OP plant requires only 10.4 square kilometres. Moreover this
also has implications for transport (and hence imported energy and fixed
capital) costs, since ‘ae large mills frequently require cane to be hauled
over long distances.!"

Linkages to the Capital Goods Sector

This point is almost self-evident, especially with reference to production
in Kenya. There, almost all of the VP equipment is imported as well as
some of the commissioning services involved in plant establishment. However,
OP mills are largely made locally and plans are afoot to have the pans—
one of the more complicated items of equipment—cast locally, perhaps in
the well-equipped workshops of the Kenya Railways. The backward linkages
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here are self-evident, but so too are they in India. There VP machinery
manufacture is concentrated in a handful of sites within close proximity
to major cities, and manufacture and most maintenance and repair are
internalised within the mills. By contrast, OP machinery manufacture is
dispersed widely, many near rural towns rather than major cities. Moreover,
particularly in repair and maintenance, they are less specialized than the
suppliers of VP equipment and hence raspond to the needs of other rural
industries aside from sugar production. The differential linkages of these
two types of plant are clear, in this case affected more by the imperative
of the technologics themselves than by the social context in which innovation
occurs.

Farming Systems

The question of farming systems is complex for two reasons. First there
are important issues arising from the choice of crops. Often (especially in
Kenya where sugar production is expanding rapidly and farmers are moving
out of other crops and into cane) this has important distributional implications
since the substitutes for sugar are maize and beans, crops generally controlled
by women. Cane production, however, is generally controlled by men who
appropriate the cash proceeds; the choice of crops, therefore, affects not
only the gender division of power, but also the nutritional health of the
family. This is because directly consumed and nutritious foodstuffs are being
displaced by a cash crop where proceeds are often used for schooling and
consumer durables, spending decisions generally made by male heads of
households. A second factor reflecting the complexity of analysis on farming
systems is that we often categorise them into two distinct types, whereas
the production function is often much more continuous, merging at the
margin. Thus the type of farming systems considered in the analysis may
be much clearer in theory than in the real world. )

Nevertt.eless, despite these difficulties there are interesting observations
which can be drawn with regard to the farming systems associated with
the two sets of technology.!! This can be seen in India, where OP plants
are generally fed by marginal (less than 2.5 acres devoted to cane) and small
farmers (2.5-5 acres under cane). While the VP mills are fed by medium
(5-10 acres under cane), and larger farmers (over 10 acres), and estates. The
implications of these farm systerus for factor and input utilisation is shown
in table 6.2; most AT practitioners would approve that the balance of
favourability lies heavily in favour of the marginal and small farmers. Yet
their land productivity—at least traditionally—has generally been much
lower, and this is surely an objective favoured by few. 2

Product Quality

Much has been made in the literature of the “inferior quality” of OP sugar,
for which there are three explanations. First, poor supervision leads to the
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carmelisation of sugar crystals and thus slight discolouring. Second, this
discolouring is exacerbated by the cane sugar recovery rate which results
in OP sugar having a higher molasses content. It also means that OP sugar
takes slightly longer to dissolve and has a stronger taste. And, third, the
manual control of processing leads to the production of three to four
distinct sizes of crystals in OP.

To some extent the perception of these qualities as being undesirable is
a cultural phenomenon, but it also reflects the extent to which sugar is
processed.’® In Kenya, refined white sugar is not produced and the OP
product sells interchangeably in the market place with VP raw sugar—in
fact the management of some of the VP mills is so bad that the better
quality OP sugar actually fares betrer in relation to the criteria used by
the VP mills themselves! By contrast in India, where sugar production has
a long history and where refined white sugar is widely processed, the OP
product is easily recognized and sells ai a discount (around 10 percent) in
the final market. Whether the product characteristics are any less acceptable
in the social sense is a moot point—if anything the higher molasses content
makes it slightly more healthy. However, it is important to recognize the
perceived “inferiority” of the OP product. But it is equally important to
note that even when this price differential in India is taken into account,
production by OP technology remains at least as profitable as that using
the VP alternative.

IV. ANALYSIS OF THE POLITICAL ECONOMY
OF TECHNICAL CHOICE: AN APPLICATION
OF THE STEWART/ENOS APPROACH

The old neo-classical formulation of technical choice—that is, at the point
of tangency between the (well behaved) production dunction and the factor-
price line—has long been debunked. It is clear to most AT practitioners
and observers that this formulation of techaical choice has to be rejected
not only because of the non-homogeneity of factors or prices, but also
because societies are not composed of the atomistic human units assumed
in the neo-classical formulation. Instead, with the gradual evolution of the
division of labour, human beings assume social roles. These roles are limited
in number, and hold identities of interest, hence giving rise, inter alia, to
the concepts of “class” and “interest groups.” Moreover, the definition and
division of such roles reflects the social relations underlying production—
the mode of production.

The recognition that there are coherent identities of interests between
different groups of individuals underlines the general recognition in the AT
field, even amongst the social-welfare economics school, that appropriateness,
if it has any meaning at all, is inherently relative. It depends upon the
differential impact of innovation on diverse groups who may not only be
poor, but who may also share a common role in the social division of
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labour (e.g,, gender, class). It also, however, has another spin-off in the
literature, in that it offers insights into processes whereby particular tech-
nologies become the dominar ¢ method of production, either in terms of
static production-efficiency, or in relation to changes in productive efficiency.
This is because the generation of new technology or the improvement of
existing technology does not follow an immutable, Darwinist direction,
Instead, it reflects the application of resources designed to overcome specific
objectives which are defined by the class or interest group directing these
technical-change resources.

Yet behind this general recognition of the need to generate a political
econoray approach, there lies a measure of intellectual disagreement. This

desirable patterns of innovation as well as for the widespread diffusion of
appropriate technologies. Analytical perspectives vary from vulgar Marxist
formulations, which suggest that there is no room for manoeuvre at all
without fundamental changes in the pattern of social relations, to those
explicit in the perspective of many AT practitioners, namely that with
sufficient persuasion, almost anything is possible. In this morass of views,
Stewart (building upon the earlier formulation of Enos), suggests a way of
handling the analysis of technological diffusion. Since we shall attempt to

are possible. Either the innovation is in the interest of both groups, in
which case it will take place easily; or it is against both sets of interests,
in which case it will clearly not take place; or, (the most common situation,
it is argued), it is in the interests of only one of the two groups, in which

interest groups, while the columns are made up of the items of choice
under consideration. Ideally, argues Stewart, it should be possible to weight
each of the entries so that is becomes possible to forecast the pattern of
choice. This would allow alternative permutations of choice which are more
easily implementable by circumventing the power of particular interest
groups or by offering a “sweetener” or a dilution of the costs.

The suggestion that the individual entries might be weighted is more
problematic than it might at first seem. The easiest conception of these
weights, which inherently relate to private costs and benefits, is one which
calculates the discounted benefit/cost of every option, expressed in units
of money. However, aside from the problem of estimating these numbers,

this implied conception of power relations is inherently economistic (we
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parameters. Instead, we reflect eacr1 entry in terms of “positive” or “negative”,
that is, is the innovation basically in the favour of a particular group or
to its cost? On this basis we tutn to matrix 6.1 to examine the balance of
interest groups in favour of each ot the two major sets of sugar processing
technology; this not only assesses the balance of impact for each interest
group, but also offers some judgement of the power of these groups in the
wider political sphere.

In Direct Production

Here we have four different sets of interest groups: two :ypes of capitalists,
management, workers, and the specific interests of women. With the exception
of gender relations (where women found work in OP plants in the South),
there is little difference in the balance of impact between Kenya and India.
Thus large-scale entrepreneurs favour VP while their small-scale counterparts
benefit more from OP. Management as a specialized profession, rather than
as manager/owners, tends to be more structured and career oriented in
VP; whilst workers have ambivalent interests—on the one hand, salaries
and working conditions are far superior in VP and skills are more explicitly
recognized, but on the other hand, overall employment is much lower.* It
is probable therefore that there will be conflicting interests between the
core payroll workers and the marginal casual workers who would be likely
to find more reliable employment if the small-scale labour intensive technology
was more widespread. It is striking, however, that insofar as the direct
actors are concerned, the relative weight of political power very much
favours the VP technology.

Machinery Suppliers

India has a full range of indigenous machinery suppliers, with those producing
VP equipment operating under technical service agreements. Clearly there
exists an identity of interests between these large-scale capital-goods firms
and foreign machinery suppliers in favour of VP technology. Only the
small-scale machinery suppliers benefit from the choice of OP technology,
although in view of the growing attractiveness of the small-scale alternative,
a number of the iarger VP supplying firms are actively considering the
nanufacture of OP technology.

In Kenya, the situation is much clearer—there is no large-scale domestic
capital-goods supplier and hence the interests of local machinery supplying
firms (which are not powerfully articulated in the political sphere partly
because they tend to be immigrant-owned) are squarely lined-up against
those of foreign suppliers. Because of their links to individual decision-
makers, these foreign machinery suppliers influence government decisions
in Kenya.
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Interest Groups in Farming

Again we perceive a broadly similar pattern of group interests in India and
Kenya. The interests of smaller farmers, who are located far from the VP
sugar mills, or whose production is too small to cover the costs of transport,
or who are far from the road-network, are generally better served by OP
mills.’5 In direct contrast, estate production or large farm production might
suffer from the diseconomies imposed by small-scale OP plants, and thus

The State

The state apparatus comprises heterogeneous interest groups, particularly
in India where the class composition of individual state-governments differs
sharply from that in the central government. For ease of analysis we
distinguish between senior decision-takers, whose personal decisions are
often instrumental in final policy, and the bureaucracy, whose task is largely
to implement (or undermine) these executive decisions.! In India and Kenya

th groups have historically favoured VP, This is easy to understand with
respect to the senior decision-makers who gain greater credit from a briefly
visible single project, or who gain personally from project implementation
in both of these rent-seeking economies.!” At the bureaucratic level of the
civil service, the rationale may be more difficult to understand, but the
effect is similar.’® Thus both groups, especially the extremely powerful senior
decision-makers, seem to be lined up in favour of VP.

Aid Agencies

Aid agencies have a large profile in Kenya. Individual bilateral loans have
been provided for plant acquisition as well as for the provision of infra-
structure, especially for roads. Almost without exception these bilateral loans
have been linked to the sale of equipment which naturally, given the
specialization of developed'country machinery suppliers, involves the choice
of developed-country technology. Multilateral-aid has also played an extremely
important role in Kenya, particularly throush the World Bank which has
coordinated much of the aid to the sugar sactor.

While there is no inherent reason why this multilateral aid should
necessitate VP technology, there has never been any question but that it
does. Why this should be the case is partly a reflection of the world view
of decision-makers in the state, the implicit and explicit output-maximising
criteria they use (see James, 1986) and the widespread use of developed
country consultants, often funded by aid-agencies.
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Given Keny«'s balance of paymeats problems and the perceived absence
of finance for non-aided sugar processing investments, these aid agencies
have assumed an extremely important role in directing choice towards VP
technology. In India, by contrast, the sugar industry has been a domestic
issue for some time and aid agencies have hud little role to play.

The “Public Interest”

~ The “public interest” has a much more important role to play in economic
theory than in the real world where it is poorly articulated. It is relevant
to the cheice of sugar processing technology in three major ways. The first
is with respect to price, where OP sugar is more favourabie. The second
refers to the amorphous concept of welfare which includes such diverse
issues as the dangers of monocropping (more prevalent with VP), intra-
family welfare, and the nutritional content of sugar. For both of the Jatter,
and in most other respects, OP sugar would be considered preferable by
most observers. And, third, the public interest includes consideration of
environmental impact where because OP technology is typically associated
with smaller farms which use less pesticides and fertilisers, the balance
tends to be in its favour. It would appear, therefore, that the balance of
public interest favours OP techrology. But since these interest groups are
so diverse and poorly-articulated, this bears little relation to the actual
* choice of sugar processing technology. :

V. EXPLORING THE POLITICAL ECONOMY
OF TECHNICAL CHOICE: THE ST EWART/ENOS
APPROACH APPRAISED

Before we appraise the Stewart/Enos methodology for explaining the political
economy of technical choice, it is helpful to summarize why VP has tended
to be the dominant choice of technology in both countries. We begin first
by observing the pattern of private profitability in this sector, but since
government policy on sugar pricing is crucial, this must be considered in
tandem. Next we appraise the effect of other government policies on the
choice and generation of technology and conclude by trying to theorise
about the political economy of technical choice in this sector in the two
countries under consideration and in light of the earlier application of the
Stewart/Enos methodology. The analysis is also useful in illustrating the
interplay between the micro and the macro in the diffusion of alternative
sugar processing technologies.

Private Profitability in Sugar Processing:
india and Kenya

The analysis of relative profitability in the two countries’ sugar sector is
extremely complex. Three factors are particularly problematic. First, there
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is no single, widely accepted and clear criterion which can be used as a
suitable measure; each has its drawbacks.”” Second, it is necessary wherever
possible to obtain operating data, rather than projected performance. This
is important not only because actual prrformatce is often different from
projected operation, but also becayee individual enterprises will often pay
very different prices for the same material inputs, services, and factors, Ard,
third, in a sitvation where the sugar price is controlled—the case in both
Kenya and India—the valuation of output has a critical bearing on the
analysis,

In the face of these and other difficulties, we have made a number of
simplifying steps. While these are often inkerently crude, they offer a
reasonable picture of the basic parameters. First, instead of calculating the
rate of profit or a discounted NPV figure, we consider costs of productiyn
to determine whether plants can operate at patticular sets of prices. This
is probably the most relevant measure to use, given the difficulty encountered
in the valuation of output, a point considered below. Second, we have
attempted to estimate the performance and cost structure of typical OP
and VP plants. We believe this is a valid procedure since the inter-technology
variations are much more significant than the intra-technology ones. And,
third, we have made an important adjustrent to the valuation of output.
In India and Kenya the controlled price of sugar is estimated on the basis
of historic-cost accounting with little recognition of the need to depreciate
at replacement values. This is advantageous for the VP plants which are
inherently more capital intensive and for whom the effective omission of

Teking these factors into account we can roughly gauge, with a fair
reasure of confidence, the relative cost-structure of the two types of plants
(table 6.3). The results are unambiguous. Given the existing price-structure
of sugar, the improved 200 ted OP plants can just about cover their costs
of production; this assumes however, that the OP plants depreciate at
replacement costs, while VP mills depreciate at histeric costs.? However,
if sugar prices are set to reflecc VP plant acquisition at replacement costs,
the capital intensive VP mills are hurd-hit and the balance of cost-
competitiveness swings heavily in favour of OP. In the light of their lower
investment costs, this implies the significantly greater profitability of OP,
whatever the measure of profitability chosen.

Given this conclusion it is striking that OP plays such an insignificant
role in sugar production, especially inn Kenya. There it accounts for only
L7 percent of output, and in India for around 30 percent. Relative real
profitakility is given little chance to determine allocation since it is so
comprehensively masked by the sugar pricing policies in both countries,
But, it addition, there are other goveri.ment policies, especially in India,
which have an important bearing on the allocation of investment between
OP and VP technology. It is to these policies which we now turn our
attention.
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Other Government Policies
towards the Sugar Sector

India

In India, there are a maze of policies which affect investment in the sugar
industry. These stretch back to the 1932 Sugar Protection Act which initially
protected local producers from imports for 14 years. Within four years of
the Act being passed, India was virtually self-sufficient in sugar. Production
grew at 7.1 percent per annum between 1932-33 and 1977-78, with an
especially rapid increase after independence. This reflected the political
importance of sugar as a foodstuff, which consequently became one of the
priority sectors in agriculture.

The initial protection of producers, by effectively excluding dutied imports,
had a majer adverse impact on government customs revenue. So in 1934,
the first excise duty was imposed on locally produced sugar and latitude
was given to state governments to specify minimum orices for cane. With
the onset of the five year plans, new and expanded mills required licenses
and the government hence controlled not only imports but also production.
Finally, control over prices goes back to the war years and subsequently
passed through a series of controls, partial decontrols, and full decontrols.
By 1982 (when fieldwork was undertaken), in addition to the exclusion of
imports and minor controls over wages, molasses prices, etc., the VP mills
were subject to three major restraints: on prices (where 65 percent of output
hal to be zoid tu the government at prices around 45 percent of the
wholesale market price); on cane (minimum prices, varying by state, plus
a marginal cess tax); and on capacity (all expansions and new plants were
subject to license).

In the light of these controls—especially those on prices—some VP mills
ran into difficulties in the early 1970s. A government comraission (The
Sompath Committee) was set up and made four major recommendations:
first, new and expanded mills could sell a greater percentage on the wholesale
market rather than at the lower price to government;? second, state
governments could subsidize cane purchases;?? third, soft loans were made
available for ncw or expanded plants; and finally, VP mills were - ' credit
to purchase cane.

In contrast to the VP mills, controls over OP plants have been more
recent. A small excise duty was imposed in 1939, but withdrawn in 1952.
In 1959-60, following protests from the VP mills, excise duty was reimposed
on OP sugar but only at 25 percent of that on VP sugar. From 1962, OP
plants were offered a choice between this excise duty or paying a fired
weekly tax on the size of the centrifuge, a key piece of equipment.?? In
1965, following representation, a distinction was made between two different
sorts of OP plarts and the non-sulphutation mills were freed from compound
duties. OP ni: pay the same marginal cess tax on cane as VP mills.

The overal. picture is thus enormously complex. Government controls
exist over inputs, production, and prices, and vary not only by type of



206 Raphael Kaplinsky

technology but by size of investment, ecological zone, and region. The key
control is over prices since VP mills were supposed to sell 65 percent of
their output at significantly lower (by 55 percent) prices in 1982, However,
new and expanded mills were exempt from much of this control for up
to eight years. It is clear, therefore, that when comparing the impact of
state policies in India on the choice of technology, it is not easy to determine
which sector the state favours. If clder plants are considered, then OP
technology is substantially favoured since the VP mills are required to sell
the major proportion of their output at very low levy prices. New or
expanded mills, however, particularly the larger ones, are effectively freed
from the brunt of these levy controls and are moreover offered additional
incentives. In this case new OP plants almost certainly stand at a disadvantage
compared to new VP mills.

Kenya

The situation in Kenya is much easier to discern. Shortly after independence
in 1963, a decision was made to move towards self-sufficiency in sugar
production, despite the growing shortfall in overall food production. By
1982, at replacement capital costs, around Sterling £354 million had been
invested in VP sugar mills, with additional infrastructural investment of
around Sterling £182 million. This makes the sugar processing industry the
largest single recipient of investible funds outside of agricultural production.
All but a minute fraction of this has gone into VP mills, initially joint
ventures with foreign firms. But as price controls eroded profitability, the
state came to own most of the equity in these VP enterprises. Two of the
three OP mills (one of which burnt down and will probably be reconstructed)
were established with funds from government schemes to promote small-
scale industry. But ther: appears to be little expectation in the state system
that this type of investment holds any promise.

It is worth noting two aspects of the Kenyan situation since they have
a major impact on the choice of technology in this sector. First, many
senior civil servants and politicians own large tracts of land which are under
cane; returns to this ownership came about entirely from rent since the
farming of the crop, from preparation to final harvest, is contracted out
to the VP mills. The straddling nature of their economic activity (that is,
in addition to formal government jobs they own many other busincsses)
makes it impossible to actively manage these farms, a task which would be
required if they were to sell cane to the smaller-scale OP mills, And,
second, by virtue of the state assuming ownership for the VP mills, setting
a sugar price which does not allow the effective recoupment of depreciation
costs and therefore allowing the VP mills to run at a loss, VP sugar
production is heavily subsidised.?* By contrast, OP plants (for which, given
their labour-intensity, depreciation is a less significant item anyhow) are
expected to recover their depreciation costs. These two factors give a major
incentive to the continued expansion of VP mills, to the virtual exclusion
of OP technology, despite the government’s stated policies appearing to
favour OP rather than VP sugar processing technology.
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Policies towards the Generation of Technology

The significance of the sugar processing case study lies not only in the
extent to which the choice of technology is explained by the interaction
between micro and the macro factors. It also relates centrally to the problem
of generating technologies, particularly those which are to be considered
in some sense as being appropriate to the needs and operating conditions
of developing economies. The policy environment required to prcduce such
appropriate technologies is not always easy to specify, since it will necessarily
change over time, between sectors and between countries. It also covers a
wide range of potential policies, including those directed towards R&D,
higher education, skill-acquisition, foreign-trade and competition.

At this particular juncture, much of the policy debate—especially in aid-
agencies—concerns the confluence between trade and infant-industry policies.
The question at stake is the extent and duration of the protectionist barriers
required to facilitate technological change and innovation, especially in new
infant industries. Here there has been an important change in perception
over the past five years or so with the hegemonic view increasingly being
one which points to the dangers of “excessive protection,” particularly
insofar as it reduces competitive pressures and hence inhibits technological
progress. In the case of one of the most influential proponents of this view
(Balassa, 1982) it has been suggested that protection can only really be
justified over a period of 5-8 years and that it should be limited to effective
rates of 10 percent. In this case, protection of the Indian sugar processing
industry from imports—stretching back over fifty years—must be considered
difficult to justify. So too, by analogous argument, must it be difficult to
justify the internal protection of OP and VP sugar.

In actual fact-—as can be seen from figure 6.1—the evidence suggests
the contrary. First, there has been technological progress in India in both
OP and VP technology, occurring behind market interventions which not
only limit imports but also protect the OP sector from competition from
the large-scale “inappropriate” sector. Second, it is doubtful whether Balassa’s
ten-year time horizon is realistic. Insofar as the historical experience of the
cane-sugar industry in the industrially advanced countries is concerned,
similar time-spans have pertained. Moreover, the experience of the beet-
sugar industry (table 6.4) leads to analogous conclusions. All this points to
the interaction between the macro-policy environment and technological
change—not only in India but also in nineteenth century France, Germany,
and th~ USA. But it does not necessarily suggest that the policy environment
which pertained was efficiently geared to minimizing the costs of technological
progress, since for almost two decades it was quite clear what steps were
required to upgrade OP technology without any effective action being taken.
It took enormous resolution and persistence by MK. Garg and others to
force through these technological developments in the face of overwhelming
inertia and opposition from parts of the central and regional state systems.
The conclusion which emerges from this is that the inducement of tech-
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nological change required state support, probably greater than the equivalent
of ten percent effective protection and certainly for longer than 5-8 years,
even if the fifty years which it did take was of unnecessarily long duration.

Appraising the Political Economy
of Technical Choice

We return to the Stewart/Enos formulation of the political economy of
technical choice by summarising and extending the discussion. The social-
welfare economies formulation of appropriateness, based upon the generation
of shadow-priced NPV, is rejected. Instead the analysis discusses the specific
characteristics of individual techniques, taking into account the appropri-
ateness of both process and product. However, it is recognised that choice
of technique dcisions are not made in a vacuum, and a distinction is
drawn between the micro-environment and the macrc-environment. This
distinction is important since it allows the analysis to question the composition
of the macro-environment, ultimately leading Stewart/Enos to a game-
theoretic approach which weighs up the costs and benefits of each alternative
choice for a variety of interest groups.

There is much to command this approach, particularly in comparison
with the arid social cost-benefit (SCB) techniques in favour with the economics
profession and aid-agencies. Among its many positive features, three stand
out. First, unlike the formal SCB analysis, this formulation begins with the
recognition that society is not composed of atomistic individuals. Rather it
is made up of large groups of individuals who share common roles in the
social division of labour (for example, as workers, capitalists, civil servants,
women—see table 6.2) and who consequently share common interests.
Unless these common interests are clearly recognised, the forces shaping
technical choices will be unrecognised and the prediction/explanation of
what will occur is likely to be unhelpful. A second virtue of the Stewart/
Enos approach, is that it “endogenises” technical change. That is, once
interest groups are recognised, it then becomes evident that they might
have interests in directing technical progress in particular directions. By
contrast in the SCB mode), technical progress tends to be exogenous. There
is no necessary reason for this perspective in SCB analysis, but unlike the
Stewart/Enos formulation the methodology does not force a consideration
of the issue. In the case of sugar, for examgle, technical progress is a relative
non-issue for Forsyth (1977 and 1978), while for Garg (1979), Hagelberg
(1979) and Kaplinsky (1983) it is much more prominent.

And, a third major strength of the Stewart/Enos game-thecretic for-
mulation is that it tends to force a more systematic consideration of the
issues influencing technical choice. In the case of sugor it forces the discussion
beyond a history of individual characteristics—capital /labour ratios, foreign
exchange content, backward linkages, etc.—to incorporate a perspective on
the way in which bureaucrats in the civil service, agricultural workera, or
small farmers are likely to be affected by choice. This, as we have seen, is
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important not only in relation to the impact on welfare, but perhaps more
importanily, because it directs attention to the socio-political forces pro-
moting/blocking individual innovations.

There is a danger, however, that this game-theoretic approach to political
economy abstracts from a long history of analysis of these types of phenomena.
Handled sympathetically there is no reason why the two approaches should
be at variance. But in order to remind ourselves of the insights which can
be derived—especially with respect to the dynami~ components of tech-
nological choice—it is instructive to run briefly thiough some elements,
especially in relation to the theorisation of the state and the theorisation
of capital. It is also worth pointing to the dangers of incorporating an
economistic conception of power relations.

The Theorisation of the State

The game-theoretic conceptualisation of technical choice, and the extension
of Stewart to incorporate the importance of government in setting the
macro-environment in which choices are made, addresses itself squarely to
the role of the State. Indeed the analysis goes on to address the importance
of policy-formulation and the way in which this can be used to alter the
benefits and costs to particular interest groups, therefore affecting the
economics of technical choice.

However, if the analysis ends at this point, there will be 2 tendency to
under-theorise the role of the state in the pattern of technical choice and
technical progress. This is not to suggest that there is any such beast as
the role of the state, but there nevertheless exists a number of analyses
which provide useful insights into the role which the state plays in relation
to the generation and diffusion of AT.2> Consider for example the discussion
by White (1984) who argues that the ability of the state to intetvene
positively in the process of industrialisation hinges on three basic factors.
These are (a) its social nature, considering the relative autonomy of the
state apparatus itself, the influence of particular classes (or coalitions of
classes) on the state, and the perception of the “national interest”; (b) the
state’s politico-administrative capacity, involving its political legitimacy, the
efficiency of administration and its technical efficiency; and (c) the specific
modes of involvement which range from “parametric” measures in which
individual enterprises bave a high measure of autonomy to pervasive measures
in which state involvement is detailed. The advantage of the White-type
approach is that it not only makes explicit the pervasive and parametric
role of the state (and in this sense it is similar to the Stewart/Enos
formulation), but in addition it draws the analysis further to explicitly
consider the social rcots of the state and its administrative capability.

This broader theorisation helps us understand the pattern of technical
choice in sugar processing. Thus, if we widen the theorisation of the social
basis of the Indian and Kenyan states and make this a central fact of the
analysis, continuity in the pattern of technical choice becomes clearer. For
example, at the crudest level the Indian state can be taken to represent
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the interests of national capital, whereas the Kenyan state more clearly is
associzted with international capital.?® Hence we immediately obtain insights
into the significant role Played by the indigenous small-scale technology in
India and not in Kenya. Another example is the establishment ~f VT
technology in Maharashtra State in India. This resulted from a specific
attempt to break the class-power of the small-scale rural capitalist in borided-
abour and money-lending, rather than because of the economics of technical
choice (Baviskar, 1980). These, of course, are only the briefest outlines of
the sort of analysis which might be pursued.

The Theorisation of Capital

In the same way that we suggested that the analysis of the generation and
diffusion of AT would be assisted by an explicit theorisation of the state,
it is also useful to move to a more explicit theorisation of the trajectory
of accumulation adopted by particular fractions of capital. It is not that
the class-divisions of the capitalist class are ignored in the game-theoretic
approach, but a focus on the (static) balance of forces lining up for and
against a particular technology may lead to an ahistorical viewing of evolving
structures. Again, relating this analysis briefly to sugar processing, in Kenya
two divisions are evident among the capitalist class. In industrial capital,
the indigenous bourgeoisie is effectively absent, particularly in the large-
scale sector. Frustrated in its attempts during the latter years of ihe Kenyatta
era to exclude foreign capital, it has once again become a rentier-class; the
advance of the indigenous industrial class is thus largely confined to the
small-scale sector. Given the hegemonic role of this rentier-class (“senior
decision makers” in figure 6.2), VP technology triumg.is. In agricultural
capital it is the same rentier capital (of absent civil servants and politicians)
but it is in this case allied to an emergent peasant middle class. This provides
a strong impetus to VP mills, which allow for some economies of scale in
farming; also, the emergent peasant middle class may undertzke much of
the farming itself under contract to these rentiers.

It is not that the game-theoretic approach ignores these class divisions,
but an insensitive application may place them in a more static framework.
Their analysis moves to a conceptualisation of bargairs which can be struck
between factions of capital, rather than to a recognition of the long-term
drive to hegemony by any one of these particular subsets of capital. It thus
assumes a mobility of capital between various types of technology and
economic activity—which is belied by reality.

An Economistic Conception of Power

carried by the analysis is that investment decisions are made, or not made,
after each of the parties sums up the pecuniary costs and benefits of each
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alternative. As a corollary of this, it is also often implicit in such analyses
that capital is mobile, transferring investments to alternative technologies
depending upon the rate of return involved.

Yet our analysis of allocative decisons in the sugar processing sector
belies this approach. In Iudia many of the OP plants are run by families
who have no other businesses; their commitment to small-scale sugar
processing is such that they are likely to sustain and even expand their
investments whatever the actual rate of return, even if it is negative. In
Kenya, foreign capital (often supported by aid agencies) forces choice towards
the VP alternative, not so much because it represents an optimal economic
decision, but rather because it sustains the sale of VP equipment or
management services, areas in which, as MNCs, their global competitive
survival is ensured.

Thus the exteni to which the power of individual classes or fractions
of classes, is buttresced by the choice of particular technologies, is not
adequately reflected through an analysis focusing on the economic rationale
of technical choice. Within technologies (for example in relation to the
choice of a type of machinery or whether to mechanise particular sets of
sub-processes), an economistic perception of choice may hold. But, it helps
little ir1 explaining why particular groups are wedded to types of technology,
almost irrespective of the relative rate of return.

V1. CONCLUSION

In this paper we have attempted to explore the mearing of appropriateness
through <he choice of technology in the sugar processing sector. In addition
the discussion has been extended to evaluate the methodology by which
the choice of technology can best be understood.

With regard to the definition of appropriateness we have concluded that
the concept has little real relevance. It is not so much that it is inherently
relative—a point widely made in the literature—but rather that all tech-
nologies are inherently both appropriate and inappropriate at the same
time. The significance of this recognition is that it draws analysis of
appropriateness directly to the political economy of technical choice, that
is to a consideration of the methodology which best illuminates the social
processes whereby technologies are generated and chosen. Stewart (1983)
and Enos (1982) have made welcome additions to the literature in this
regard. They expose the aridity of economic analyses and suggest an alternative
based upon a game-theoretic approach.

After considering the relevance of this game-theoretic approach to the
cheice of technology in sugar processing, there is little doubt that it offers
superior insights to those offered by social cost-benefit analysis. However,
perhaps because this valuable work is still in its formative stages, we have
reservations about the way in which it might be applied. In particular our
concern is that while widening economic analysis to political-economy, this
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broader perspective is still somewhat tangential, almost as if it is a second-
stage add-on. Instead, by reference to the sugar processing industries in
Kenya and India, we have been concerned to show that the pattern. of
technical progress and technical choice is best understood if some of the
lessons of the political-economic analyses are brought to the central stage.
This involves a more concrete theorisation of both the state and the capitalist
class, as well as a non-cconomistic conceptualisation of power relations.
Nevertheless, despite these reservations, the game-theoretic formulation of
technical choice is a welcome addition to our perception of the generation
and choice of technology.

NOTES

L. See Baron, 1975; Forsyth, 1977 and 1978; Garg, 1979; Hegelberg, 1979;
Kaplinsky, 1983; Tribe and Alpine, 1982; and Alpin: and Picke:¢, 1980.

2. In India median plant size was about 1400 tcd.

3. In the Sudan, the Kenana sugar factory had a crushing capacity in excess of
20,000 tcd; but in reality it seldom crushed more than 6,000 ted due to lack of
cane.

4. In average Northern Indian conditions VP plants had a crystal sugar recovery
rate of around 9.5 percent of cane input, while fo. OP plants it was around 12
percent.

5. Under the same Northern Incian conditions, the sugar tecovery rates rose
from around 7.2 percent to 8.1 percent.

6. But so does the social-welfare economic analysis which, in theory, inputs
different sets of shadow prices.

7. In Northern India, where rainfall is more limited, the cane crushing season
is 4 to 5 months; in Western Kenya it is around 10 months. This ecological variation
also affects sugar yield, which in VP plants averages around 9.6 percent in Northern
India and 10.7 percent in Western Kenya.

8. The reasons for these disparate ratios between the two countries are diverse
including the use of different-sized VP plants as points of comparison, different
relative machinery prices and different crushing seasons. The significance of differential
machinery prices is discussed below,

9. Some cbservers argue, like Schumacher, that the quality of social life is higher
in smaller units.

10. In Kenya, government policy is that smallholders should no: devore more
than one-third of their land to cane. If therefore the 7000 tcd mill were to be fod
entirely by smallholders, the cane catchment area would expand over a 20 kilometre
radius encompassing 1260 square kilometres. In India, one of the 1250 mills we
visited was hauling cane from as far away as 200 kilometres.

11 It is not always =asy to ascribe causality to this pattern of association. In
some cases—for example, where the degradation of the sucrose content in cane is
caused by the delay in processing and where proximity is thus important—it is clear
that farming systems are determined by scale. In other cases—for example in relation
to the productivity of different sized farms—the primary causality lies in the realm
of social relations and there is no necessary link with the type of sugar-processing
technology involved.
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12. However, in eastern Uttar Pradesh at least, some observers have noted a
major improvement in smallholder yields in recent years (Persona! communication
from Sanjay Sinha).

13. In India they are disfavoured, in Africa they are not noticed, and in the
UK there is a swing back in consumer preference to discoloured raw sugar which
is remarkably similar to the OP product.

14. In India, for example, VP workers generally operate on a threc-shift, six day
a week basis; in OP, they work two twelve-hour shifts throughout the season with
no regular rest period.

15. Which ranges from bullock-carts to tractors to pick-ups to large trucks.

16. This group includes elected politicians, their appointees in the civil service
and career civil-servants.

17. A 10 percent “commission” on a multi-million dollar VP plant, possibly paid
into a Swiss bank account, is a lot more attractive than that on a small OP plant.
It is also much easier to obtain and irvolves less visible negotiation.

18. In Kenya, the Sugar Authority was for a long time reluctant to divulge any
information to potential OP manufacturers, but leaned over backwards to satisfy
the VP sector.

19. For example, discounted cash flow creates a demand for detailsd information
over a long time-period, with attendant uncertainties with respect to data; rate of
return analysis has ambiguities concerning whether it is net {of what?) or gross as
well as with respect to what is included in the denominator {working capital,
buildings, what valuation of capital, etc.).

20. A necessary assumption since the improved technology has only recently
become avaiiable. By contrast many Indian VP mills are over 30 years old, and the
Kenyan V? mills have been built (and expanded) over the past 20 years.

Z1. The percentage varied by size of plant, ecological zone and whether expansions
or new investments were involved. The resulting complex forrnula meant, inter alia,
that large new plants in poorer ecological zones could sell all of their output at
the higher free market price for seven years.

22. In one VP mill visited, then in Mrs. Ghandi’s own constituency, cane prices
were subsidised by 40 percent.

23. This tax (compound duty) varied by the size of the centrifuge. The unintended
side-effect of this was to bias the development of centrifuges towards a specific size
which had no particular technological logic. This not only affected the choice of
centrifuge technology in India, but also in foreign markets (where there was no tax
ot cent:Ifuges) since Indian OP machinery manfacturers only offered centrifuges in
the sizes favoured by Indian legislation.

24. Even the best-practice 7,000 tcd Mumias plant, with a sugar recovery rate
of aver 11 percent and depreciating on historic costs of sterling £37 million (rather
than on replacement costs of around sterling £120 million) was r.:.ning at a loss
in 1950-81.

25. White (1984), for example, cautions thus: “This diversity (in the historic role
of the State in different LDCs) undermines the validity of general judgements about
the role of the state in industrialisation and general policy presumptions which flow
from them.”

26. See Review of African Political Economy 17 for a discussion of the indigenous
capitalist class in Kenya.



214 Raphael Kaplinsky

REFERENCES

Alpine, R., and J. Pickett. 1980, “More on Appropriate Technology in Sugar
Manufacturing,” World Development, Vol. 8, pp. 167-176.

Balassa, B. 1982, Reforming the System of Incentives in Developing Economies. In
Development Strategies in Semi-Industrialised Economies, B. Balassa and Associates,
Baltimore: Johns Hopkins University Press

Baron, C.G. 1975. Sugar Processing Techniques in India. In Technology and Em-
ployment in Industry, ed. A.S. Bhalla, Geneva: ILO.

Baviskar, B.S. 1980. The Politics of Sugar—Sugar Cooperatives in Rural Maharashtra.
New Dethi: Oxford University Press.

Deer, N. 1949, The History of Sugar, Vols. 1 and 2. London: Chapman and Hall,

Enos, ]. 1982. Marke Structure, Industrial Organisation and Technology: Concepts
and Methodology and Evidence, World Employment Programme Research Working
Paper, WEP 2-22/WP 93. Geneva: ILO.

Forsyth, D. 1977. “Appropriate Technology in Sugar Manufacturing,” Yforld De-
velopment. Vol. 5, No. 3, pp. 189-202.

Garg, MK. 1979. Project Report and Feasibility Study of Appropriate Technology and
Mini-Sugar (OPS Khandsari). _ucknow: Appropriate Technology Development
Association.

Hagelberg, G.B. 1979, “Appropriate Technology in Sugar Manufacturing; A Rebuttal,”
Worid Development, Vol. {, np. 893-9,

James, . 1986. The Choice of Technolegy in Public Enterprise—A Comparative
Study of Manfuacturing Industry in Kenya and Tanzania, Paper presented at
A.T. International conference, Macro-Policies and Appropriate Technology, January,
Washington, D.C.

Kaplinsky, R. 1983. Sugar Processing: The Development of a Third World Technology.
London: Invermediate Technology Publications.

Kaplinsky, R. 1984. “Indigenous Technical Change: What can we learn from Sugar
Processing?”” World Development, Vol. 12, No. 4, pp. 419-432.

Stewart, E 1983. Macro-Policies for Appropriate Technology: An Introduciory Clas-
sification, Appropriate Technology International Working Paper. Washington, D.C.

Tribe, M.A. and Alpine, R.L.W. 1982, Economies of Scale in Cane Sugar Manufacturing
in LDCs. David Livingstone Institute of Overseas Development.

UNIDO. 1980. Appropriate Industrial Technology for Sugar, Monographs on Ap-
propriate Industrial Technology, no. 8, Vierna.

USAID. 1976. Proposal for a Program on Appropriate Technology. (Washington: U.S.
Government Printing Office, 1976) pp. 11-12, cited by F. Stewart, International
Mechanisms for Appropriate Technology. In A.S. Bhalla, op. cit. p. 191.

White, G. 1984. Developmental States and Socialist Industrialisation in the Third
World. In R. Kaplinsky (ed.), op. cit.



Teble 6.1 Factor utilisation required to meet nationa annua
50,000 t ndis, 380,000 a
India Kenya
No. of Capital Employ- No. of Copital Employ-
Plants cost b ment Plants cost b oant
(estg)(P (catg®
VP milts(? 327 1,576 284,490 2.6 382 4,420
0P mills
100 tcd 5,365 1,175 954,970 162 124 29,160
200 ted 2,682 1,114 836,764 81 98 25,920

(a) Operating at 1250 tcd in Irdia, 7,000 ted in Kentya (see text;
(b) Replazement costs 'based upon' estimates from machinery suppliers and
consultents? reports

Table 6.2

haracte cc arming sys N

Type of
activity

Type of farm

Marginat
(<2.5 acres)

Small
(2.5-5 acres)

Hedium
(5-10 acres)

Large
(>10 acres)

Land Preperation

Plenting

Inter-culture

Plent protection

Irrigation

Harvesting

Transporting

Fertiliser

Pesticides

Approx. output
(tona/hectare)

bullock
bul Lock
& manuat
manuat
manual
cenal -
no pumps
manual

bullock cart

negligible

30-40

bul lock

bullock

manuat
marual

canal

& bore holes
manual
bultock cart
30-40 1bs of
ures/acre

none

40

bullock
some tractors

bul tock

bul lock
manust

canal

& bore holes
manual

some tractors
bul tock

50-60 tbs of
urea/acre

rarginal

40-45

tractors

tractors

tractor

power-operated
equipment

canals
L tubevells

manusal

tractors
& lorries

100 tbs of
ures/acr~

non-merginal
(N0 norms)

»50

Source: Conversations with the Indisn Sugsr Csne Research Institute, Lucknow.
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Matrix 6.1

In direct production

Entrepreneurs -~ large
- small

Management

Workers

Women

Machinery Supply

Forein

Local - large
- small

in faraing

Marginal

Small

Medium

Large/Estate

Workers

In the state

Senioﬁ decision-takers

Bureaucrats

Aid Agencies
Multilateral

Bilateral

'Public interest!

Hith respect to price

With respect to 'welfare’
With respect to environmental

impact

+ positive interest
- negative interest
+j ambivalence

Costs and Benafits
India Kenya Significance
of political
VP oP VP opP power
+ - + = large
- + - + small
+ - + - med ium
= +j= +3~  +3-  small
-+ - - very small
+ - + medium in Kenya
+ - N/A& N/A large in India
- o+ - o+ small/medium
- & -+ very small
- o+ - ¢+ small
+3=  +3= +j~ +;=- medium
PO + - large
-+ - + very small
+ = + - very high espe-
cially in Kenya
+ - + - high, especially
in India
 N/A N/A + - very high in
Kenya, small in
India
N/A N/A + - high in Kenya
small in India
-+ - o+ small
- o+ - + very small
- - very small

1. For example, production of cane as a monocrop or via mixed farming

N/A  Not applicable



Percentage Recovery Rate of Available
Sucrose in Best Practice Plants

Teble 6.3 Operating costs of VP and OP in [ndia end Kenva

(£5tg. per ton sugar)

India Kenya
200 tcd 1250 ted 200 ted 7000 ted
fmproved {mproved
op ve oP ve

officiel price of
sugar ie at historic
cost of capital NA 1% NA 193
With replacement

coat of capital 20 238 190 287

100

80

60

40

20

Figure 6.1 Developments in VP and OP technology
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Table 6.4 Sugar beet recovery rate in Germany (X on roots}

1836 5.5

1837-45 5.97
1846-55 7.46
1856-65 8.06
1866-75 8.41
1876-85 9.97
1884 12.31
1896 13.9

1906 15.63
1916-24 16.04
1925 17.15
1926-35 16.19

Source: Dpeer (1949)
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The Choice of Technology in
Public Enterprise: A Cornparative
Study of Manufacturing Industry
in Kenya and Tanzania

Jeffrey James

I. INTRODUCTION

Despite the divergent approaches to developinent that have been adopted
in Kenya and Tanzania—with the explicitly capitalistic orientation of the
former usually regarded as standing in sharp contrast to the type of socialism
espoused by the latter—public enterprises have come to assume an important
position in the manufacturing sectors of both countries. Motivated perhaps
primarily to expedite Africanization (that is, to rectify the marked racial
imbalance in positions of power and privilege that existed «t independence),
direct participation in manufacturing activicy by the Kenyan Government
increased sharply during the 1970s, leading a recent Worid Bank mission
to observe that: “Financial participation by government in industrial ventures
has been an important feature in the expansion of Kenya’s manufacturing
sector” (International Bank for Reconstruction and Development 1983, p.
146). And according to a government report published in 1979, the in-
vestments of these and other enterprises in which government has participated
in Kenya accounted “for a very sizeable proportion of the total capital
formation in the country” (Ndegv2 1979, 22). In Tanzania, the rapid expansion
of public enterprises in the manufacturing sector was of course far more
ideologically motivared, forming an integral part of the transition to sociaiist
ownership of the means of production after the Arusha Declaration of
1967. By 1974, the public secior accounted for as much as 50 percent of
manufacturing value added and employment (Clark 1978).

In view of the rise to prominence of public enterprises in the manufacturing
sectors of the two countries, an understanding of the technological choices
made by these firms is central to explaining what happened to output,
employment, and other major macro-eccnomic variables during the 1970s.
An adequate explanatior of these choices is also needed because they do
not appear to have conforrzed to what one might have expected. In particular,
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the highly disparate development strategies that were adopted could rea-
sonably have been expected to produce a correspondingly diverse pattern
of technological behaviouy by the public enterprises concernied, for these
enterprises are often considered an extension, or creature, of the state, so
that the divergent goals of Kenya and Tanzania would presumably be reflected
to a high degree in their technological choices. Byt even if this were not
the case, and the firms in the two countries had similar goals, their choices
might still be expected to differ because of the contrasting macro-snviron-
ments in which these choices are made; in particular, in Tanzania, market
forces are replaced by administrative (or non-market) forms of resource
allocation to a greater extent than in Kenya

Yet, from available evidence one is struck not only by the similarity
rather than the differences in technological behaviour between the two sets

single cbjective which the parastatal holding companies are able to pursue
without countervziling pressures from . ‘er the macro-environment or
from other government agencies. This objective predisposes managers to
search for investment projects in which, through various mechanisms and
with varying degrees of directness, developed—country patterns of scale,
factor—intensity, and product characteristics are invariably closely reproduced.

Parastatals in Tanzania have bezn analysed more than in Kenya. With respect
to the technological aspects of the behaviour of these enterprises in particular,
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coincides with, and is largely produced by, the systematic tendency for large-
scale and (often inefficient) capital-intensive technologies to be associated
with each other and with excessively sophisticated products. It is this
paradoxical combination of features that underlies the seriking similarity of
what has occurred in Kenya and Tanzania. This chapter is designed to
contribute to an understanding of this similarity.

IIl. THE ANALYTICAL FRAMEWORK

According to Gillis, the traditional view in economics is that managers of
public enterprises are “cosmic maximisers.” That is, they are “motivated
solely by a desire to maximise a clearly defined measure of social welfare,
as defined by the parent government, under conditions of perfect information
on all shadow prices, externalities, and risk” (Gillis 1980, p.3). However, it
is apparent even from the brief description of the common problem presented
in the previous section that this idealised model (which assumes not only
that government is able to provide the firm with a clear set of goals but
also that managers actually seek to maximise according to them) will not
do. In both Kenya and Tanzania, what has to be explained is why the
technological behaviour of public enterprises diverges so sharply from many
of the most important objectives of their governments. Therefore, an
alternative theoretical framework is needed which both posits an alternative
behavioural assumption at the level of the enterprise and also contains an
alternative and more realistic model of the relationship between th2 firm
and government agencies. Both these modifications are necessary for an
alternative framework, for even if public enterprises pursue goals different
from those articulated by government, leading to the technological outcomes
observed in Kenya and Tanzania, it is necessary to explain the relationship
between the frins and the government agencies that enables this to occur.

With respect to the behavioural aspect of an alternative framework, our
point of departure is the view that conditions in both Kenya and Tanzania
in the 1970s were basically such as to produce what David Williams has
termed the bureaucratic-man mechanism, a hypothesis that differs from the
neo-classical approach and the engineering-man model (Wells 1975).

Formulated specifically to explein the choice of technology in Tanzanian
public enterprises, the bureaucratic-man thesis takes off from the connection
between the economic environment and managerial goals (Williams 1975).
In the environment in which parastatals for the most part operate in that
country, marke: forces have been substantially replaced by government
controls. “The price-control system, for example, is in many cases based
on a cost-plus formulation which both shelters the inefficient and gives
only a weak incentive to become more efficient. . . . The incentive structure
ro which the parastatal manager responds offers little in the way of personal
financial rewards and, in any case, may focus on surpluses which are more
related to windfall gains from the pricing system than to productive efficiency”
(Williams 1975, p.7).
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Thus deprived of much of an incentive to minimise costs, the manager
turns to other goals that appear to offer greater advancement in the eyes
of his superiors in the planning hierarchy. In particular, he is said to shift
his attention to initiating as many projects as possible. But the manager is
constrained in pursuing this goal by financial needs (especiaily foreign
exchange), and he accomplishes this by searching for aid-related projects
rather than seeking funds from the planners. “The project which can be
secured, presented, moved past the planners, delivered, and staffed fastest
and at the least effort to the parastatal is the one thar is chosen” (Williams
1975, pp.7-8).

The key element of this hypothesis is that, given the goals of the Tanzanian
manager, securing finance becomes critical to achieving his objective. And
since the technology for projects is usually closely associated with the
financial source (for example, aid donors or export credits), it follows that
“the ‘choice of technique’ in any particular project is often merely a fallout
from the chosen source of finance and related project inputs” (Williams 1975,
p.8). The bureaucratic-man hypothesis may be expressed more strongly as
“the bureaucratic decision-maker attempts to achieve objectives which
eliminate [erphasis added] the choice of technology from the decision
process” (Williams 1975, p.8).

What can be said about the characteristics of the technological choices
that emerge from this process? According to Williams, it is large-scale,
turnkey projects that usually best meet the requirements of rapidly raising
nnance for projects and ensuring their rapid delivery and construction,
Such projects also have the advantage of providing economies of scale in
terms of scarce managerial resources at headquarters.

But while the bureaucratic process has, therefore, a systemaric bias
associated with large-scale production (that is also highly packaged), it .%oes
not, according to Williams, have a systematic factor-intensity bias. Instead,
the factor-intensity of the technology that results from the bureaucratic-
man process is thought to be random.

This hypothesis accounts for some of the observed characteristics of the
choices made by parastatals in Kenya and Tanzania. But, it fails to explain
the tendency towards capital intensity that was noted above in relation to
both countries and the sophisticated nature of the products that invariably
appear to accompany this tendency. It is possible, however, to modify the
implications of ihe basic model in a direction that is more consistent with
these erpirical observations by incorporating a more realistic view of the
finance bias that is imparted to the technological features of the projects
that are selected. And central to this modification are the systematic historical
links between the various dimensions of technology that Frances Stewart
has described in relation to the experience of the developed countries
(Stewart 1977).

The first point that needs to be recognized is that most of the offers of
foreign finance to Kenyan and Tanzanian parastatals that seek this means
of expanding investment, emanate from the developed market econormies,
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Thus, despite its socialist orientation, even in Tanzania in the mid-1970s,
“Almost 35 percent of Tanzania's assistance is in the form of bilateral aid
from Western capitalist countries, while another third comes from the
World Bank” (Okumu 1979, pp.244-45). And in Kenya, not surprisingly,
aid from these sarie sources is a much higher percentage of the total
(Okumu 1979). Secondly, the “fall-out” (to use Williams' phrase) from this
type of finance normally produces a combination of technological charac-
teristics that is not at all random but rather has evolved systematically out
of the socio-economic circumstances prevailing in the developed countries
with which the finance is associated.

Stewart first elaborated the view that a technology was a “vector” of
characteristics (comprising, among other things, the nature of the product
and the scale of production) and that changes in these characteristics in
the developed countries (where almost all technical change occurs) are
mutually interrelated. On the one hand, “As incomes rise, wages rise,
making existing technology uneconomic compared with labour-saving in-
novations. Rising incomes allow greater expenditure on investment per
employee” (Stewart 1977, p.7). On the other hand, “Technical change in
products in developed countries occurs in line with the rising incomes (and
is partly responsible for those rising incomes), so thar the balance of
characteristics offered by new products corresponds to the changing demands
of consumers as their incomes rise. The rising incomes have the effect of
shifting demand towards different products with more sophisticated, labour-
saving, higher-quality, etc. characteristics” (Stewart 1977, p.17). Moreover,
since an increase in the size of the market is another consequence of the
rise in average incomes, the scale of output tends to increase with economic
growth. “Historically, in the advanced countries the typical size of plant
has grown faster than the market as a whole” (Stewart 1977, p.12).

Therefore, insofar as the argument of the two previous paragraphs has
v lidity, the finance bias that defines the bureaucratic-man hypothesis has
implications not only for the scale of output, but also for the factor-intensity
of technology and the nature of the product. In this way, the behavioural
implications of the theory become more consistent with the empirical
observations described in Table 7.1. But even this version of the bureaucratic-
man mechanism does not adequately describe the relationship between the
parastatals and the government agencies that permits the pursuit of a
managerial goal, the technological implications of which are, for the most
part, inimical to the proclaimed goals of development. The remaining part
of the conceptual analysis is devoted to this issue.

Apart from specific problems that vary from one country to another,
there are intrinsic difficulties in easuring that public enterprises are effectively
used for implementing government policies. Much of this inherent difficuley
can be explained in terms of agent-principal theory.

Raymond Vernon expressed the basic problem in this branch of theory
as follows: “How does the principal ensure that the agent acting for him
responds to the same information and the same congeries of objectives as
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the principal would do if acting on his own behalf?” (Vernon 1981, pp-10-
11). While by definition this problem pervades all organisations in which
agents act on behalf of principals, its severity depends largely on the degree
to which the behaviour of the former can be made accountable to the
latter. Without an adequate system of accountability, control of the agent
by his principal hecomes extremely difficult.

Howard Raiffa correctly observed that the problems of accountability
and control are usually less acute in private than publicly owned firms. In
private firms, “Managers usually have a bottom-line figure that holds them
accountable to some extent. In private entcrprise, the profit motive is strong
and serves as a sieve through which gross incotupctents zre weeded out
and others rewarded” (Raiffa 198, p-37). In public enterprises, however, as
is well-known, the objectives are usually far more diffuse because these
firms are formed to fulfill a variety of different functions.

In itself, however, the diversity of objectives of the public enterprise
creates no particular problem for the accountability and control system. If,
as is assumed in the “cosmic maximisation” model described above, the
numerous objectives of the enterprise are combined into an unambigucus
objective function, managers could be judged, and held accountable, according
to this function, in the way that the private enterprise manager is held
accountable in terms of profits. In practice, however, a clear objective
function is rarely presented to the managers of the public enterprise and
the multiplicity of goals consequently creates severe problems of enterprise
accountabiliy and control.

The difficultiez in aggregating multiple objectives into an operational
composite index have been lucidly described by Raiffa, in relation to the
chief executive officer (the principal) of a public enterprise, whose problem
it is to communicate the multiple conflicting objectives of the firm to his
agents so they can act as the principal would in the same situation. The
dilemma facing the chief executive is this: on the one hand, if he is to
control his agents he will need to formalise the trade-offs between the
conflicting objectives of the firm (for only with such formalisation can an
unambiguous objective function be derived). On the other hand, because
there is unlikely to be any kind of consensus among the board mermbers
about the various trade-offs, whatever formalisation of these that he enunciates
will get him into “political trouble” with at least some members of the
board. “Thus, the chief executive officer is in an uncomfortable squeeze;
he is damned if he formalises his trade-offs and damned if he does not”
(Raiffa 1981, p.62).

Raiffa's example can be extended to the case where the government is
the principal and the public enterprise its agent; the problem of distilling
from the different government agencies a comprehensive set of trade-offs
among conflicting goals is likely to be no less serious than it is for the
board of directors in the firm. Vernon points to, “The disconcerting fact
that, where conflicting and mutually inconsistent goals seem to exist,
politicians may find it undesirable, even dangerous, to try to clarifv the
ambiguity” (Vernon 1981, p.12).
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The political difficulties of formalising trade-offs (and consequently of
controlling public enterprises effectively) may be severe in open, participatory
democracies where there are diffuse and opposing interest groups. Fewer
difficulties might be predicted in less participatory regimes where political
power is more concentrated among a small group of decision-makers. But
even then, considerable disagreement about fundamental trade-offs among
developinent goals can exist.

Whit we have shown in this section is that there are some inherent
(and perhaps intractable) difficulties in making public enterprise conform
to national goals. These difficulties often confer substantial sutonomy on
the enterprises. But there are also mecasures that can be actively pursued
by managers to further their autonomy. The degree to which managers are
successful in these endeavours is a further determinant of the likelihood
that the outcomes of the behaviour of public enterprises will be at variance
with what is intended by government. According to Aharoni, a variety of
variables bear on the ability of the manager to increase his autonomy
(Aharoni 1981). Among the most important of these are finance, the legal
organisation of the firm, and the efficacy of the control functions exercised
by government.

IV. APPLICATION TO KENYA AND TANZANIA

It follows from the discussion of the previous section that to apply the
analytical framework to Kenya and Tanzania we shall need to concern
ourselves with three major issues in these two countries:

1. the conditions that give rise to the operation of the bureaucratic-man
mechanism;

2. the technological fall-out from this mechanism, that is, the manner
in which the factor-intensity, scale of output, and type of product are
derived from financial and other inputs embodied in the sample
projects; and

3. the relationships between the parastatals and relevant government
agencies that bear (theoretically and in practice) on this fall-out.

The Common Origins of the Bureaucratic Mechanism

It will be recalled that bureaucratic-man tries to start up as many projects
as possible. For, it is this focus that is said to be “the way to survive and
prosper.” But what pressures produce this sort of managerial motiviation
is not clear from Williams’ statement of the hypothesis. In this part of the
chapter it is argued that the source of these pressures in both Kenya and
Tanzana can be traced to the extent of, and rapidity with which, output
increases were sought (especially in key sectors) and the ease with which
this objective of government could be assumed by managers of the parastatals.
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It will be argued, furthermore, that the goal of rapid (and sizeable) increments
in output was pursued by managers in both countries without much pressure
for cost-mintmization from the macro-economic environment.

The juxtaposed entries in the first half of Table 7.2 dealing with national
goals and goals for the textile and sugar industries support the view that
a common desire for rapid growth in domestic output (of wage goods in
particular) can be discerned from a study of official and other documents
from the 1970s. In both Kenya and Tanzania, this desire was shaped by
both political and economic factors: the former because of the significance
attributed to meeting the excess demand for many wage goods (see, for
example, Barclay’s view of this for the Kenyan sugar industry in Table 7.2);
and the latter because of the foreign exchange crisis that beset these countries
during much of the decade. In the Tanzanian case it should be noted that
there was also an ideological basis for the quest for self-reliance in basic
goods that formed an essential part of the sc-called basic industry strategy
(International Bank for Reconstruction and Development 1977(a), App.V).

The admittedly rather sketchy evidence in the second part of Table 7.2
suggests that these political and economic imperatives underlying the national
goal for industries such as textiles and sugar translated themselves, at the
level of the parastatal holding companies (in which most important decisions
regarding manufacturing subsidiaries are made), into a predisposition to
initiate a large number of projects. The manner of this translation as well
as its effects derive from the facts that maximising current output is an
objective that is easily measured (and in terms of which, therefore, kudos
can be unambiguously earned). It is also a goal that can be rapidly achieved
(as the last quotation for Tanzania in Table 7.2 suggests) on the basis of
foreign-financed projects—the more so given that, as Table 7.3 clearly
indicates, pressures from the macro-environment to minimize costs were
largely absent from both countries. This common absence of pressures on
costs steramed largely from government interventions that broke the link
between economic cfficiency and profitability at the level of the enterprise.

Of course, maximising output could be achieved by the fuller use of
existing projects, and, to some extent, this method was used by parastatal
managers (for example, in the attempted reduction of excess capacity}. But
given the often severe foreign exchange constraints on the efficient operation
of these enterprises and the difficulty of raising foreign capital for a fuller
utilisation of existing capacity—foreign aid, for example, is usually not
available for repairs and spare parts—output maximisation tended to translate
in practice into a concern with new projects.

In brief, then, the parastaial holding companies searched for foreign
finance (as was explicitly stated by the Kenyan Industrial Development Bank
in the final quotation of Table 7.2) and were receptive to offers of such
fimance. In practice, this usually meant finance from the developed market
economies for two main reasons. First, it was this type of finance that,
even in Tanzania, tended to be most abundant. Clark observed, “The soczialist
overtones, far from repelling Western donors, attracted them. . . . What
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it meant to most donors was that the elite in Tanzaniz, because of the
leadership code, would not enrich themselves or foreign aid, and would
in fact strive to enact programmes to better the mass of the population.
The Nordic countries, Canada, and the World Bank all found this a striking
contrast to the situation in most of the Third World” (Clark 1978, p.182).
The second reason is the relative speed (and certainty) of the output increases
that are associated with Western finance. “Western firms offer quick, relizble
delivery of capital goods. To buy from countries like China takes time and
involves uncertainty” (Clark 1978, p.213). (Perhaps a third reason is that
developed-country suppliers are more able than their counterparts in the
Third World to afford the hard-currency bribes that are not infrequently
made to government officials in these countries.)

The Technological Fall-out from the Bureaucratic
Mechanism: Case Studies from Kenya and Tanzania

In each country a small sample of publicly-owned firms was selected for
analysis. The purpose of these case studies was not to attain statisticaily
significant explanations; rather, it was to study the subtleties of how decisions
on technclogy are made in public enterprises through a detailed study of
the decision-making process. The selection of firms was made first for
Tanzania from among industries where, for the most part, a considerable
data base alrcady existed—sugar, textiles, footwear, detergents, printinyg ink,
grain, and oil milling. The selected cases generally relate to the Thirc Five
Year Plan period from July 1976 to June 1981 (James 1985). In Kenya, an
attempt was made to select government majority-owned firms from some
of these same industries for a comparable period. These criteria, and
formidable probler: of data availability and access, produced a sampie of
enterprises drawn from the following industries: textiles, sugar, salt man-
ufacturing, bottling, cashew processing, ceramics, furfural, and power alcohol.
In both countries, data were sought from a variety of documents, such as
feasibility studies, board minutes, annual reports, ministerial papers, and
tender bids. There was greater access to these documents in Kenya, permitting
a more complete reconstruction of the technology decision process in the
Kenyan sample than in Tanzanian firms, which should be borne in mind
in interpreting the results.

Kenya

The case studies from Kenya provide clear confirmation of the decision-
making process for technology envisaged by the notion of bureaucratic-
man. They also clearly disprove the implication drawn bv Williams that
the technological fall-out from this process tends to be random. The
confirmatory evidence is contained in Table 7.4 which shows the predicted
link between the choice of managing agents (who were generally also minority
partners) and the source of technology for the sample enterprises. Table
7.5, however, suggests that when, as is the case for most of the examples
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studied here, developed-country collaborators are involved, the technological
fall-out from this collaboration is more likely to be systematic than random.
That is, Table 7.5 points to some tendency for the large-scale of output to
go with high capital intensity or the one hand and a sophisticated type
of product, often intended for export, on the other.

One could infer from Tables 7.4 and 7.5 an underlying decision-making
process in which, because of the lack of concern with the technological
aspects of the projects that is assumed to be exhibited by bureaucratic-man
(in the form of the parastatal holding companies), the fall-out from the
developed-country collaboration proceeded entirely unquestioned, a process
in which the appropriateness of the technology to national development
goals might, therefore, never be raised. But a close scrutiny cf the actual
negotiations reveals that this depiction of what occurred is only part of a
more complex story.

It is only a partial explanation, not so much because the parastatal holding
companies were generally more active technologically than the theory posited,
Fut because other institutions frequently questioned the desirability of the
technology proposed. What is interesting, therefore, is the questica of how
the evident closeness of the fall-out was susiainable in the face of the
various challenges to its desirability. Four of the cases are especially revealing
in this regard.

Consider first the salt refining and Nzoia sugar projects. In both cases,
the World Bank was critical of the lack of attention the Industrial De-
velopment Bank (IDB) paid in appraisals of the technological choice aspects
of the project. In relation to the salt refining project, the World Bank drew
attention specifically to what it regarded as the excessively capital-intensive
equipment selected. The Industrial Development Bank’s unenthusiastic
response to the suggestior. that more labour-intensive alternatives be con-
sidered is worth quoting in full because it reveals this institution’s perception
(and arguably, to some degree, rationalization) of the limits of technological
choice, given the constraints imposed by the scale of output and the prior
selection of developed-country collaborators. “As IDB is involved mainly
in fairly large-scale industrial projects, for which technology has to be
imported from the developed countries, the possibility of maximising em-
ployment (mainly unskilled labour) is severely limited by the inability of
the foreign technical collaborator to adapt the technology involved tc local
needs. We do try to make changes in project design but our experience
has so far shown that the scope to make substantial changes is limited,
partly because of the technological environment to which the technical
participants or sponsors are used. Some of the processes in any case have
naturally to be sophisticated, for example a salt refinery or fertilizer plant”
(IDB, Project correspondence files). Apparently not satisfied with this
response, the officials of the World Bank offered a rejoinder to the effect
that a less capital-intensive technology, even if less profitable, ought never-
theless to form part of the holding company’s frame of reference. The
question, as th: World Bank officials saw it, was “by how much [it was
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less profitable] and whether it would be worthwhile to accept the trade-
oft” They added, however, that “the project is far too advanced to raise
this question at this stage; this question should be raised in the context
of the government industrializaticn and employment policy and should be
discussed between the government, the IDB and the promoters in the early
stages of project preparation” (IDB, Project correspondence files).

In the Nzoia sugar project, the World Bank’s admonition (regarding the
inadequate attention that IDB’s appraisal had paid to the suitability of the
technology selected by the French collaborators) seemed well founded because
IDB'’s management “was not able to assess the technical suitability of the
proposed plant or to establish whether the price agreed on was reasonable
and ccmpetitive” and has therefore “to moke do with assurances received
regarding Fives-Cail Babcock's many years of experience in supplying similar
plants to various countries” (IDB, Project correspondence files). But here,
as in the previous case, the late stage in the negotiation at which this issue
was raised seemed to make any effective countervziling action very difficult.

It was noted in Table 7.4 that Seditex, the German managing agents of
the Rift Valley textiles project, chose German-made equipment for this
project. This firm had, however, been asked {apparently by the International
Finance Cerporation as a minority shareholder and lender) also to consider
bids from Japanese and American machinery suppliers. Although tii=se bids
were considerably cheaper than the German quotations, they were rejected
by Seditex on the following grounds:

From our viewpoint, two vital aspects have to be considered. The first is
operational costs, involving quality and efficiency; the second is the practical
and psychological conditions. By opting for the cheapest, we have no doubt
that the mill's efficiency and fabric quality will be lower, that supervision,
labour, and maintenance costs, as well a3 consumption of electricity and spares
will be higher. On the other hand, as European promoters, with our main
office in Hamburg, it would undoubtedly be more difficult and costly to plan
and coordinate with Japanese or American suppliers the multitude of details
before and during the construction period. Loopholes in tight coordination
and planning can have grave financial consequences.

We shall equally b...e considerable difficulties in coping with urgent problems
that would probably require the manufacturer’s assistance, once the mill is
in operation. Moreover, our natural source of recruiting technicians is Europe.
Such European technicians will have to become acquainted with Japanese or
American equipment; this would involve more expenses and, in general,
contacts would be more difficult and complicated. (ICDC, project correspon-
dence files)

In the case of Kenya Furfural, both the Agricultural Deveiopment
Corporation and the Industrial and Commercial Development Corporation
(ICDC) raised strenuous objections to the technological (and other) aspects
of the project. The former noted that, “one or two of the intended equity
holders and/or lenders whatever the case may be are also the suppliers of
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the plant” and sought reassurance that the plant would be purchased “on
an international tender basis.” Such reassurance did not however materizlize
as the project leader argued that the plant and equipment, because of its
specialized derign, “could only be supplied by Escher Wyss,” and consequently,
an internationa! tendsr was not possible. The ICDC objection focused on
the high capital cost of the project and on an inability to obtain a detailed
breakdown of this cost from the sponsor. In spite of these criticisins, other
government agencies, (the IDB, the Treasury and the Development Finanne
Company of Kenya) favoured the Project, which was approved in apparently
unmodifiec, form.

For a variety of reasons, ther,—the fragmented government involvement,
the attitude of the holding company, the stage at which objections were
raised, and the alleged hidden costs of cheaper machinery—the closeness
of the technological fall-out was able to be preserved in these cases, But
apart perhaps from the hidden costs argument, these reasons offer little
basis for supposing that the preservation had anything whatsoever to do
with economic efficiency. Rather, it is probable that the outcome was inimical
to this objective (the continuous financial losses made by all these enterprises
are corsistent with, though not proof of, this assertion),

Tanzania

We have seen that the Kenyan case studies generally conformed closely to
the bureaucratic-man notion with respect to its prediction of a role for
technology that is essentially derivative of the source of foreign (mostly
developed-country) finance and related managerial inputs into the project.
And in this derivative process there was a tendency for the technological
characteristics of the project (scale of output, factor-intensity, and type of
product) to take on a systematic form. While some cases in Tanzania (mostly
in sugar and textiles) also followed this general pattern, other cases did
not.

In these other cases, though there was still a large-scale bias arising from
the search for foreign finance, the type of finance obtained for these projects
happened not to be closely tied to any particular source of technology, and
because this permitted the technological choice aspects of the projects to
assume a more central role, other factors, not allo ad for in the bureaucratic-
man formulation, came to be important. These other factors worked, as
we shall see, through the same tendency towards interrelatedness of the
various aspects of developed-country technology with which it was necessary
in the Kenyan cases to supplement the original formulation of the bureaucratic
mechanism. But the tendency was not merely appended to the mechanism
as a derivative. Rather, it was set in motion by an active set of preferences.
That is, the basic components of the explanation of these cases remain the
same, but the manner of iheir combination into an integrated approach
differs from what has so far been the case.

Let us, however, first deal briefly with the case studies in Tanzania that
closely followed the Knyan model (James, 1983). These were drawn mostly
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from the textiles and sugar industries, which were particularly emphasized
in the Third Five Year Plan (Table 7.2). Interviews with the managers of
the parastatal holding companies responsible for these industries, revealed
that the emphasis of the Plan on rapid import substitution had been
incorporated into, and seemed to dominate, the objective functions of these
institutions. For example, one manager in Texco (the holding company for
the textiles industry) described his primary concern as being “to clothe the
nation as fast as possible.” He stressed that if his concern was simply to
maximise profits, he would prefer second-hand machinery to the turnkey
projects that were thought best to promote the rapid expansion of output.
Similarly, what emerged from interviews with managers at the Sugar
Development Corporation could be described as an objective function
embodying the primary goals of meeting national excess demand as rapidly
as possible subject to the constraint of avoiding losses. From this overriding
objective there followed the implication that particular types of products
and techniques were ruled out of consideration ab initio. The managers
stressed that the rapid expansion of the sugar industry based on jaggery
and OPS sugar (the small-scale alternative to the large-scale production of
refined sugar) would not have been feasible. In the case of the OPS
alternative, they pointed out that some 200 small plants would have been
required to replace the output of five large ones. The managerial and
supervisory problems associated with this alternative, not to mention the
training of operatives in the OPS method and the difficulties of raising
finance for small-scale techniques, meant to the managers that this method
could at best supplement a strategy based on large-scale factories.

In many of the large-scale projects in these industries, to which the
objective described in the previous paragraph gave rise during the Third
Five Year Plan period, the technology fall-out was closely tied (as in the
Kenyan cases) to the sources of finance (and other inputs) that were secured
for the (highly packaged) projects. In the Musoma textile mill, for example,
with a capacity of 25 million square metres of cloth, a general French
contracting company was responsible for financing and constructing the
plant on a semi-turnkey basis. This company identified not only the
consortium of financing institutions in Europe (whose loans were effectively
tied to procurement in each particular country) but also the machinery
suppiiers. Similarly, in the expansion of the capacity of the sugar mills at
Kilombero, Kagera, and Mtibwa, turnkey tenders were floated in the countries
to which the external finance was tied.

There were, however, other large-scale projects initiated during the Third
Five Year Plan period in which the technological fall-out did not conform
at all to this derivative pattern. In these cases, in contrast, technological
choice came to comprise a more cencral element of the decision that had
to be made for the projects. Three examples, all financed directly or indirectly
(through the Tanzanian Investment Bank) by the World Bank, illustrate
this point and demonstrate how other factors impart an independent upward
bias to the capital intensity.
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The most important of these factors is product choice, the bias from
which, as the recently established Morogoro Shoe Company shows, can be
imparted through the alleged need to produce exports conforming to
international standards. The choice of product for this project was dictated
almost entirely by its orientation to exports, s is made quite clear in the
Bank’s Appraisal Report. Thus, “Qae fairly modern shoe factory presently
produces leather and canvas shoes for the internal market. The output is
of acceptable quality within Tanzania, but does not meet international
standards. The new shoe factory . . . would produce about 4 million pairs
of shoes to international standards, primarily for export, but it is expected
that a small part of the production will be sold internally” (IBRD 1977b,
p. ii). The same report also makes explicit the link between production for
export and the nature of the technology that is required. To quote again
from this document, “During the detailed engineering design phase, efforts
will be made to substitute labour for capital without compromising product
style, quality, and cost competitiveness but the extent to which this can
be done is liraited in export-oriented industries” (IBRD 1977b, p.29).

Sabuni Industries Limited—the only parastatal in Tanzania which produces
powdered laundry detergent—is a clear example of 2 second mrain influence
on product choice, that which originates in historically determined tastes.
The Sabuni project was conceived in the 1960s, when, following the break-
up of the East Africar. Community, supplies of the detergent Omo from
Kenya were discontinued. It seemed clear to the Nationa! Development
Corporation (the holding company responsible for the detergent industry
at the time), that local production of a substitute was required. In the
decision to replicate, or even improve, the brand that had been imported,
what appears to have been crucial was the consideration that “since most
of the people in the country had used the Kenyan brand of detergent
(Omo), which is of very high quality, it was envisaged to produce a detergent
of the same standard or even better, in order to capture the market previously
supplied by the Unilever Company in Kenya. The intention was also to
produce a product which could be exported to neighbouring countries by
competing effectively with other high quality brands” (National Chemicals
Industries, document). That the choice of this particular type of product
had a decisive influence on the choice of technology for Sabuni, can be
inferred from the impact it had on the tender process. The tenderers were
apparently asked to supply, with their quotations, a sample of their brands.
These samples were then analyzed by the research staff of the National
Development Corporation. It is surely not without significance that the
Italian firm which was awarded the tender, also happens to be the plant
supplier to Unilever in Kenya, the manufacturers of Omo.

The final example, the multi-purpose oil mill =t Morogoro, illustrates
how engineering-man type factors, in addition to those arising from product
choice, operated at different stages of the decision process to exacerbate
the capital-intensive bias of the technology that was chosen. First, the tender
document specified that all the equipment should be new (Industrial Studies
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and Development Center 1975a, p.14). This prohibition against second-hand
equipment is not unique to the acquisition of oil-milling equipment; on
the contrary, it is a practice which is endorsed in the bidding rules of the
World Bank and by the governments of both Tanzania and Kenya.

In a second respect as well—which concerns once more the link between
products and techniques—the specification of the tender document appears
to have imparted a bias against the use of more appropriate techniques.
Specifically, the document embodies requirements for buildings that require
relatively sophisticated products and techniques. Thus, to quote from the
document, “Building and construction work must meet local building and
hygenic requirements and standards, which to a great extent are of British
origin” (ISDC 1975a, p.13). Or, to take another example, the use of locally
produced roofing tiles is precluded by “the miniinum requirements for
roofing materials—corrugated aluminum sheets or corrugated asbestos shee:s”
(ISLC 1975a, p.13).

If there were therefore biases in the manner in which the tender document
was specified, it was also true that in the next stage—the evaluation of the
tenders received—engineering-man type factors further reduced the pressures
for cost minimisation in the choice of technology. At the very outset of
the evaluation procedure, for example, we find that most of the numerous
quotations were rejected on the grounds that they had not come “from
potentiaily competent and internationally-known companies” (ISDC 1975b,
p.2). And in the selection from among the five contractors that did conform
to this description, considerable empliasis was laid on the following factors
(in addition, of course, to costs): goodwill of the bidder in his country and
abroad, competence and capability of the bidder to successfully complete
the project, quality of the end products, experience in export, and estab-
lishment of plants in foreign countries (ISDC 1975b, p.3).

One of the major technological issues that confronted the sub-committee
formed by Moproco to evaluate the bids, was the choice between a batch
and a continuous refining process. Despite the relatively high cost of the
latter, this was nevertheless the method selected. With respect to the
bleaching component of the refining process, the sub-committee explained
its choice with what amounts to a statement of the engineering-man
hypothesis. Thus, “Continuous bleaching plants have gained wide acceptance
as they are now feasible, but they are relatively costly owing to their
expensive control instruments. . . . Continuous bleaching units are favoured
by processors because of their independence of human ogeration, because
they permit savings in bleaching earth and oil loss in it, finally because
they render a finished product of uniform colour” (ISDC 1975b, p.14). In
the opinion of the general manager of Moproco, a member of the sub-
committee for evaluating the tenders, the last reason—the uniformity of
product quality associated with continuous refining—was perhaps most
influential in the process.

The conclusion from these three cases is that active biases in selection
led, through the close link between product choice and technology, to the
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same tendency towards reproducing developed-country technologies that
was shown in the derivative process with which the other case studies were
associated. An essential difference, however, lies in the implications for
policy that seek to alter this outcome. In the one case it is the active biases
that need to be tackled directly and in the other it is the prior forces that
give rise to the derivation of developed-country technological characteristics,
More on this important policy issue will be contained in the concluding
section.

The Discretion of Parastatal Managers
in Kenya and Tanzania

So far the applied section of the chapter has described the common origins
of the bureaucratic mechanism in Kenya and Tanzania and the nature of

parastatal holding companies and government agencies that allowed these
outcomes to occur.

Table 7.6 summarizes these relationships, which, when juxtaposed, reveal
(as with much else in the chapter) a remarkable similarity be.ween the two

autonomy and that the weaknesses of the system come from the same
fundamental source,

On the one hand, neither governi.ent has beer able and willing to
specify the trade-offs between the multiple and conflicting goals of devel-

burgeoning tasks imposed on them during the 1970s (James 1985). Following
Killick, it is plausible *o argue that such a constraint is necessarily entailed
in a strategy that makes major demands on limited skilled manpower (Killick
1978).

V. CONCLUSIONS

Although there are many important respects in which the divergent de-
velopment strategies adopted by Kenya and Tanzania have produced cor-
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respondingly different outcomes, with regard to the fectors that are thought
to have determined the technological behaviour of public enterprises in the
manufacturing sectors of these countries, this chapter has stressed instead
the stricing similarities between them. It was suggested not only that the
two groips of enterprises adopted the same predominant policy goal, but
also that the relevant aspects of the policy environment (both domestic and
foreign) ir. which this goal was pursued were similar. Moreover, the achieve-
ment of this common goal of rapid and sizeable output increases in key
sectors—given the macro-environment that prevailed in the two countries,
the similar nature of the constraints to achieving the objective on the basis
of small-scale production, the tendency for developed-country offers of
finance to be dominant in both, and for these offers to be associated with
the reproduction of technclogies from these same countries {either merely
derivatively when the tie to finance was direct or through an active set of
biases when the tie was much less close), and given a similar weak government
capacity for control—meant that the resulting technologies were in most
respects inconsistent with major goals of development. The rapid and
substantial increases in manufacturing output that were achieved during
most of the 1970s in Kenya and Tanzania through large-scale, capital-intensive
and highly packaged techniques appear to have had adverse consequences
for employment, economic efficiency, income distribution, regional policy,
producis suitable for meeting basic needs, learning effects, and the balance
of payments since the exports that were intended often failed to materialize
from these projects while their import requirements were extremely heavy
(IBRD 1983).

It could be argued that this outcome reflects the fact that national goals
other than output maximisation were not in fact accorded much weight by
either government. While this interpretation may explain part of what
occurred, it assumes that an explicit (or implicit) trade-off between goals
was actually made by policy-r. akers. It may be more realistic, however, to
posit an alternative decision-making process in terms of which policy-makers
were essentislly unaware of the conflicts (and especially the extent of the
conflicts) with cther goals that output maximisation would entail. In relation
to Tanzania, Hyden, for example, suggested that “policy makers often decide
on matters without first having obtained full and detailed knowledge of
the possible consequences of their decisions. They start ‘running’ and take
the consequences as they occur” (Hyden 1979, p.97).

There are two broad implications for policy that follow from this
interpretation of what occurred. One is that a less rapid and more moderate
target increase in output would tend to make more feasible a strategy of
relying more heavily on small-scale, labour-intensive techniques, since the
managerial and organizational constraints on such a strategy would then
becomne binding less quickly (and to this extent dcpendence on foreign
sources of finance would also be reduced). The second broad policy option
arises from the fact that even if this goal cannot be altered (for instance
because of political factors), one can still seck to alter aspects of the
environment in which the goal is pursued, so as to render its achievement



those with which it has been associated in the past.
€ components of such an alteration, in turn, .an be grouped into
two broad Categories, comprising policies to enhance the role of small-scale,
ur-intensive projects on the one hand, and those seeking to alter the
choices that are made by given large-scale projects on the other. Since the
goal of rapid und large increases in output is assumed to remain essentially
intact, and consequently there is no diminution in the existing constraints
on an enlarged role for the small-scale sector, these constraints will need
to be surmounted. For this purpose, it is not sufficient merely to advocate
intensive training schemes that will produce additionzl entrepreneurs, In

village organizations in which the expanded numbers of small-scale projects
vill have to operate.

The need for simultaneous efforts to improve the technological component
of large-scale projects derives from the fact that one cannot realistically

they are combined with more emphasis on profitability in the inceative
(and accountability) systems, and 2 move towards a more competitive
environment (as is now occurring in Kenya), these policies ought to reduce
the slackness in the decision—making procedures of the holding companies,
in relation to their search behaviour and appraisal methods. In this way,
the behaviour of managers will be subject to a discipline that will make it
more difficult for them to ignore the technological choice aspects of projects.

Secondly, a set of policies will be required to address the problems of
the finance bias that tend to be especially pronounced when there is a
close fall-out from developed—country sources of finance, One way to overcome

is bias is to promote 3 much more active search for developing—country
(for example, Indian and Chinese) sources on the one hand (with which

govern product choice. For one thing, any rationale of the choice of
sophisticated products that is based on the nesd for exports (especially to
developed countries) ought to be very carefully evaluated. In many of the
sample projects in Kenya and Tanzania this argument was advanced in
feasibility studies (partly to rationalize particular product and process choices)
but in most cases the intended exports failed to materialize and the output
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ended up being sold to local consumers, for most of whom it was highly
inappropriate. Where the source of the product choice bias originates,
instead, in historically conditioned tastes for advanced country imports,
countervailing pressures, exercised, for example, through promotional cam-
paigns for local goods, are required. While product policies of this kind
may help combat engineering-man type biases, other parts of this problem,
such as the prohibition of used equipment, need to be tackled directly.
Finally, because there are limits to the extent to which the sources of
finance can be altered along the lines suggested above, dependence on
developed-country technologies that are closely tied to sources of finance
in these countries will retnain an important pr “lem for Kenya and Tanzania.
In these cases, independent technological advice that is taken early in
appraising the project (from say the United Nations Industrial Development
Organisation), using sore social, rather than private mode of project appraisal,
can help reveal grossly inappropriate choices and increase the bargaining
strength of the government vis-a-vis foreign collaboratcrs.

Finally, the political economy aspects of these policy proposals need to
be considered. In particular, our concern is to indicate that each of the
different sets of prescribed policies will be associated with a different—
though to some degree overlapping- -prcfile of gaining and losing interests.
And insofar as the political significance of these interests varies within and
between the two councries, so too will the feasibility of the different policies.

Table 7.7 represents a crude matrix of likely gainers and losers for the
three policy areas idertified earlier: reform of the macro-environment;
enlargement of the role of small-scale, labour-intensive projects; and improved
choices for large-scale projects.

Reform of the macro-environment would generally shift the distribution
of gains from inefficient enterprises towards more efficient ones and towards
consumers and firms previously reliant on the expensive output of the
inefficient firms. Some evidence for Kenya indicates these potential gains
could be substantial if protectionist policies are eliminated or reduced, since,
“It is possible to document high local prices and/or low or deteriorating
quality for virtually the complete range of products for which there are
import restrictions” (IBRD 1983, p.415). The ban on competing imports of
lead pencils, for example, amounts to an implicit tariff of 208 percent, while
domestically produced ballpoint pens sell for KSh 1.75 as against a comparable
import price of half a shilling (IBRD 1983).

Whereas reform of the macro-economic environment indirectly promotes
small-scale projects ro the extent that these are relatively efficient, the second
policy area shown in rthe table seeks directly to alter the composition of
output in favour of these units. And, particularly if it is pursued in a
context of rural industrialization, it poses a challenge principally to urban
and allied foreign interests on behalf of rural groups. In this case, as with
macro-reform, gains accrue to consumers, but because the gains derive here
from the altered characteristics of the products produced on a small-scale,
rather than from a fall in the price of existing goods, they tend to be
concentrated on those consumers with low incomes.
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alternative impinges only on the form that these interests currently take,
namely, those based on the predominance of developed—country finance and
techiniques, As such, policies to alter the techniques that are chosen by
large scale public enterprises threaten a narrower set of interests than those

t seek to undermine the enterprises themselves,

Assessing the relative political strengths of the gaining and losing interests
shown in the table—and hence the feasibility of different policies within
each country—is far from easy, not least because of the substantial dis.

that country than in Kenya. For, “What js clear in Tanzania js that the
conversion to socialism occurred essentially at the top, indeed at the very
top, and h3s not yet permeated the whole society. As a result there remain
many anti-socialist forces in the society, . . . The importance of the urban
elite in derailing attempts at radical change has been emphasized by many
writers” (Clark 1978, pp.204-5). But one should not infer from this that

| the areas of policy intervention will be no 10re feasible politically in
Tanzania than in Kenya. It may be that because of its greater political
independence, Tanzania is better placed to implement the switch from
predominantly developed-country to alternative (notably developing-country)
sources of finance and technology,

NOTES

I am indebted to Frances Stewart for comments on an earlier drafe of this chapter
and to Leo Mureithi for his kind assistance in Nairghi.
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rative f the Technol r isti f ic En i in Manutacturi
Tanzania Kenya
Degree of Con- uthe failure of the post-Arusha companies to distinguish uthis study suggests that the parastatal investment compenies have
formity to themseives significantly and juvoursbly from the pre-Arusha done little or nothing to push the manufacturing sector in the
ustional companies points to one of the sost important conclusions vhich directions specitied by the policy statements of government. Rather,
Devel opment con be made cbout the performence of the eanufacturing they sppear to have aided end sbe ed s of the {eas iat
goats paraststals, fndeed about all parastatsls. There hgs been as yet features of the Kenyan industrial structure.® (Hopcraft and Oguttu,
nnovation on the part of perestatals 3o mek 1982, p. 193)

themselves more consistent with_the Tanzanian idealogy. They have
tended to want the most modern plentc. Turn-key projects ... heve
not been wccmaon.” (Clark, 1978, p.140)

u|n general the ctserved pattern of technological choice ... only mivile too large a proportion of the development budjet has been
reflects to & limited degree Tanzania's articulated development diverted to investments, the balance of that budget has not been
goals.” (Perkina, 1980, p. 408) effectively utilized either. The pattern of development outlined in

Development Plans has often been ignored in practice in favour of
wplanned projects.® (Ndegwa, 1582, p. 14)

Relation to =The present system of investment decision-making in the =pgrastatals have played a large end increasingly impcrtant role in
the Plannina parastatsl sector is essentially one of unplanned socialisa. ... Kenya's life in recent years. Growth of this sector has been, in
System The results bear only an incidenrtal relation to any formal many respects, wnolenned and uncoordinated.®(1BRD, 1983, p. 105)

development plan or to the procteimed goals of industrial
development.” (1BRD, 1977a, p. 125)

lechnological upespite the rhetoric, Tanzania's industrielization prograwme has, “The parastatal client firms tend to be large, capital intensive,
Characteristics in general, promoted the e3tabiisnsent of enterprises using import intensive and almost exclusively oriented toward a protectxd,
of Puhlic targe-scale capital-intensive, ofien technically, and aleost oser priced local merket.” (Hopcraft and Ogutty, 1982, p. 193
Enterprises invariably economically inefficiant techniques.® (Perkins, 1983,
p. 231
wAlmost one-third of parsstatais hxve chosen to rarufacture wespite the emphasis in policy statements on assistance to small,
products ... for which s simpler, lesz tectwologicatly specified African ouned ard export-oriented firms, firma with government
substitute exists.® (Perkins, 1983, p. 228) participation tend to be large (half of all Kenya's industrial firms

employing more than 200 pecple have goverrment financial
participation).” (iBRD, 1983, ¢. 85)

uThere is a strong tendency for paraststals to adopt the most *Exaaples of unsound and poorly controlled investments can resdily be
advanced techniques, and build the most modern buildings. 1In found in such arces of sctivity as fertilizer, sugar, textiles and
nornufscturing this tendency is e-Yibited as sn inclination towards power alcchol. ... this has resulted in uncontrolled cost escalations,
large-scale, cepital-intensive, ctraraformation® projects ... inetticient technolegies and unprofitable enterprises.” (Ndegus,
There has been very Little change in the orientation of the 1982, p. 42)

parastatal sector since the Arusha Declaration. ... There has been
no significent development of small-scale rural incdstries.®
(Clark, 1978, p. 125)

Retation to wpublic investment today resains sbout s heavil =z mejor characteristic of most of the parastatals in Kenya is that

on
Foreign foreign furds «s it did ten years sgo. About one-half of public they gepend heavily on foreign financing and mencgement sdvice.®
Einence investment has been foreign finenced.® (Clark, 1978, p. \73) (Ovugi, 1952, p.6k)

{74



Table 7.2
The indu:trial objectivas of government in_the 19705
Tanzani,

Nationa| “The #ajor odjective -e. is to achieve o greater degree of *The cwerriding inchstrin( Strategy of the Gove, t- ... is to
Qoalg econamjc se!f-:uf!icicncy." CThird five Tear Plan, p .3) Accelerate industriay groutk = (Second Fiye Year Plen, p, 328y
“The Present p(an hag placed 4 high Priority oo the Satisfaction “The target fror 1974) g an incresse in outpys of over g Per cent
of Comest i basie + Thus the Product jon of food, texn’les, campared with 1967, (Second Five Year Plan, P.12)
Shoes ang caastru:tion Saterjalg will have Particylar emphasis. w
(Third Fjye Year Plan, p, 43) *The Ottairment of the jncome and ) oymene targets in this plan
depends to a signi.‘icam degree on the country obtaining Physical
*The Strateg, puts Premiun on the ear( iest 1easible develop-nent fvsources froa abroad to SUpo{ ement its oun effore, Withoyt nklng
of a pagic industry o (Roemer of al., 1978, p. 249) USe of thege Physical fesources the Country cannot develop o4
Fapidly ag Planney_ e coverrnent Wil therefg endeavoyr t
“New Projects yiyq have to pe Consistent with the basic indiseriag ©0tain frog 8broad the fesources necessary to 8chieve the RZlionat
Strategy. « (Thirg Five Year Plan, P. &7) goais, w (Second Five Year Plen, pP. 329-330)

*"The crucia| Point in the criye for 8cceleratey iruzstrill
vel t is that highest Priority pe 2cCorded ¢q projects which
Rake the Qreatest contributien to fuproving Kenyarg batance of
Peyments Position.w (Anreaa| Reports andg Accounty of the Inagtrhl
Opmen:

Devel t Bank, 197¢ 2.9
“Bearing in aind the sugar ion deficiy 2nd the reag for
{

The Sugar “The nationa{ goal jg ¢o 8chieye self’sufﬁclcncy in sugar Product

Industry Product jon at the earliest mrrmi;x, Sustaining foreign exchangs to Purchase additicns 5Ugar for the Countrysg
ul!-au!flciency at g times ang resourcey and econamicg Consumpt § o rcq;fratnn, the Govgrment reqested funciy ~-. for o
Permitting Produce Surplus gugar for expore, « (Sugar Deve(qznent Study to pe [3de of the inmslry and the deve(opnmt of a Progranme
Corpornfm, Annua Repore ang Accomts, 1976~77, P.33) for the country to become :eu-su"icient if ecormicauy

Possible ithin a fiod of g ars,» (ngrrngnt of Kenya, Keny,
“Rapid Progress in this area is FéQuired to satisfy domestjc Sugar lnagtry, Expansion Study, “vor . V. Nyanpg Suggr Belt
«® (Thirg Five Your Plan, p. 46y Impreversnt Project, Tate ang tyle, Hay 1975, P. 8;

“Kenyatg commitoent ¢ Beeting the Consumer demang ¢, sugar
Attaining self-;u"iciency injtg Product fon, The tateer theme hag
been consisiintly, Stated a5 central o 89ricul turg and ll'd.gtrhl
policy during recent years. satisfactian of consimer hag
remaineg 5 Righ Mlitical priority fop the Govgrment." (Barclly,

1977, p. 61-2)
The Textiie *In order to satigfy Projected local ang export in 1985, f¢ “The Goye, attach,
t t

rde Cdemand roment €S great fxportance to the rapig develup-mt
Indus ry Will b necessary ¢ pProduce 250 milljon SQuare Retres of cloth, of the textile indus Y." (from the corr%e files of the
To &chieve this fou,, mills st be £stabliched between 1977/78 and Rift Vatley Textife Project)
1980/81.n (Third Five Year Plan, p, 47)
“0ur kean detemimtlon t0 Zove yiep Utmogt £p2ed [to complete the
1 S desired the x duthoriej from the

an es -
corr%e files of the Rjife Valley Texti(e p,
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lable 7.2 (cont.)
The industrial objectives of government in the 1970s

Tanzenia

Kenya

The Parastatal

Companies to implement projects in certain sectors. In fact, NDC seess to
and Mew be svaluated by the number of prcjects it implements ... The
Projects unofficial goal of NOC as expressed by some of its esployrces, to

push through as pany projects a3 possibte.® (Quoted in o'Brien,

1982, p. 22)

“The management [of MOC] §s anxicus to show success. Lever

Prothers will come and erect a detergent factory in a yeor. ...
Despite the poor econcmics of such a project from a developmental
point of view, WOC appears s-re guccessful than it it had spent
the year trying to orgsnize ujamas village work shops.® (Clark,

1978, p. 189)

“xDC*'s [the National Develogwent Corporation's] interest is not to
Holding run companies for the purpose of profit meximisation, but rather

mone of 108's [the Industrial Development Bank's] ioportant aims has
been to sttract investment furds from abrosd.® (Annwatl Report and
Accounts, 1977, Industrial Development Sank, p. 13)

®Since December 1974 total {.~wstments approved ... have grown by an
average of nearly 25% a year ... The total mumber of_projects
investigated and considered for investment has increased even more
rapidly becsuse of 1DB's search for new business.® (Annual Report
and Accounts, 1977, Industrial Development Bank, p. 12)

Table 7.3
The macro-environment and pressures for cost-consciousness in the choice of technology

Tenzania

Kenya

=Both product and foctor markets in Tanzenia are nominally under the
control of planners. In both areas several aspects of the coepetitive
model have been replaced with devices which operate in quite different
directions from market forces. The price-control system, for example, is
in meny cases based on a cost-plus formulation mhich both shelters the
inetficient and gives only & weak incentive to bocome more efticient. ...
The incentive structure to which the parsstatal manager responds offers
little in the way of personal financial rewards e, in any case, may focus
on surpluses which are more related 1o windfall gains from the pricing
system than to preductive efficiency.® (Williems, 1975, p.M)

wfinonzial participation by Government is the best guarantee obtainable that &
firm witl make high and secure financial profits regardiess of its economic
efficiency o~ of i%s international competitiveness.* (Hopcraft, 1979, p. 18)

wficms with Government participation use it to make Sovernment behave in the
firm's interest. The complete range of special concessions, licenses,
guarantees, and the whole edifice of protective mcasures, are far =ore
accessible to the firm that has Goverrment financisl participation than to one
that doss not.® (1BRD, 1983, p. 419)

nThe monopsonist position of most parastatals meens that there is no
copetitive pressure to keep operaticns efticient, whereas their politicat
connections make them fmune to the ultimate commercizl sanction of bankruptey
ard dissolution.” (Schluter, 1984, p. 93)

(34



Firm Managing agents/minority partners Main source of technology
Rift Valley Textiles Seditex (Germany) Germany

Yuken Textiles Jugotekstil (Yugoslavia) ?

Salt Manufacturers Saltec International (Italy) Saltec

Nyeri Bottling Plant Coca-Cola Africa ?

Nzoia Sugar Technisucre (France) France

South Nyanza Sugar Buckau Wol f (Germany)1 ' Germany/India

Kenya Furfural Escher Wyss (SWwitzerland) Escher Wyss

Kenya Cashewnuts Oltremare (Italy) Oltremare

Ceramic Industries Ceramic I'ndustries {private owners) UK/Italy

Notes: 1. oOne of the turnkey contractors.
Source: Correspondence files of the Industrial Development Bank and the Industrial and Commercial Dcvelopnent Corporation,



Isble 7.3

scale, Products and Technology - Kenya
Scale Technology

Products

Rift Valley Textiles

Anruel capacity of 11,500,000 tinear
meters -- "a complete modern
integrated textile mill.”®

®All machinery snd equipsent
sslected sre brand new, the rost
modern and of very high quality and
reputation.”

wVery high quulity ... sn snnual production of
spproximately 23 million square metres, of which
ebout 7 million metres shatl be exported.®

Tuken Textiles

*The largeness of premises and their
division is & result of the
conception of the whole factory and
up-to-date technology as well as its
flexibitity. ... The biggest
manufacturer of this line in
Tugoslavia.®

ujighly developed proauctive
technolegy ... to compete with the
European standards.”

“The technologics! part of the project provides
a very high quality of the output (European
level).® ... "Activities of the neuly
established enterprise would be concentrated
during its first phase sbove all on the Kenyan
market and on the markets of East African
countries, later-on also on other merkets.®

Wolasses Plant

sThe plent will be cepsble of
producing 7,300 tons per armum of
99.5% Power Alcohol.®

nThe Instailation shatl conform to the latest and most modern technology and development
currently available as of the date of this contract es to the Instatlation and the

volune and guslity of products produced.

... The opportunities to sell the surplus

factory's products ... are fully sppreciated ancd exploited.”

Myeri Bottling Plant

“The plent will be equipped with a new sophisticated bottling line with
sncillary equipment with & capacity for bottling 500 cases per working

hour. ... The bottling equipment to

be installed is very sophisticated.”

s standard quality product.”

Kerya Furfural

wIne high capital intemity of the
project -- due mainly to the high
cost of the proposed plent.”

"Most of the end products would be mainly for
export.™

Cashew Processing

mechanical processing in lorge-
scele units with relatively high
capital investwent costs.®

»Equipment considered the best in
this field. ... Though mechanised,
the project is still labor-
intensive. ... ALl the mechinery
will be pew.”

#producing high quality products. ... The
project would generate - jgnificant edditional
foreipn exchange esrnings for the country.”

Corretpondence files of the Industrial Drvelopment

Benx and the Industrial and Commercial Development Corporation.

(14



Table 2.6
Managerial Discretion and the Failings of the Parastatat Control System
Tanzania

Overall charac- "The elaborate internal and external control sSystem over L] i i ifi ineffective Government supervisfon as one
terizations of parastatal activities, which exist on paper asre in reality very of the factors contributing to the unsatisfactory performance of
the System weak,® (Ministry of Plaming, 1982, p. 42) parastatals.» (Ndegua, 1979, p. 10)

Managerial "It [the party) has remained an institution capable of directing “The weakness of the Party system means that the bureaucratic eliteg
Discretion the system only on the most general plane.u (Loxley and Saul, » are left on their own to determine the ®ajor develormental
1975, p. 62) policies.n (Ovugi, 1982, p. 70y
“There was no clear policy especially as regards science and "chtionally, parastatals do enjoy a very large degree of aut
technology. at enterprise level, each corporation remained free with respect to investment decisions, (Oyugi, 1982, p. 1)
to choose its own techniques.» (Mihyo, undated (8), p.3)
"Parastatals are quite autonomous institutions, Control by their “The parent ministries tend to leave the organizations pretty much
parent ministries is often slight.» (Clark, 1978, p. 185) on their own.w (Oyugi, 1982, p. 67)
“There is stif{ a large question mark over the ability of boards *In many parastatals, the boards of nanagesent have failed to
effectively to control foreign management & (Loxley and Saul, discharge the duties expected of them, = (Oyugi, 1582, pP. 723
1975, p. 69/70)
“In most of the susidiaries of the Kational Development "Most of the parastatals have Bsnagement contracts with foreign
Corporation, the management has taken over the policy based firms or locally based foreign owned RAansgement consul tancy
decision-making function.» (Mihyo, undated (b), p. 18) firms. They have a lot of influence on the operational policies of
the organizations.» (Oyugi, 1982, p. &9)
Investment "in the absence of a clearly defined strategy for.the socialigt “At the moment it is di"icult, in the cage of many Parastatals, to
Criteria and transformation of Tanzania there have been fational criteria say who is ultimateiy Sccountable to the Board, the t and
Accou\tability by which public Sector investmont and other spending decisions the public for the Proper management of their affairg, » (Ndegua,
could be assessed.® (Loxley and Saul, 1975, p. 65-6) 1979, p. 9y “Because of the confusion which exists, it is becoming
imreasing(y difficule to say where resmibilitz for Ineﬂ'iclmcy
OF maste ljes.w (Kdegua, 1979, p. 3)
"bo*h the Proposing parastatals and the central planning "The criteria for accepting or rejecting projects are Yague and h
authorities apoear to lack clear criteria rn shich to assess the not included rigorous econamic anslysis,w (1BRD, 1983, p. 104)
alternative pProjects which they develop and evaluate,» (Perking,
1983, p. 235)
The Limited "The centrat planning ministry does not have the manpower to "While goverrment financisl imvolvement has been expanding, the
Capacity for effectively scrutinize parastatal operations.» (Clark, 1978, machinery to control and exsmine Proposed investments in parastatals
Control p. 186) is inadequate. (18RD, 1983, p. 423

“The country‘s already weak planmning capecity.® (180, 1978, p. 103

Orientation “Most parastatals have used commercial profitability -- discounted "Firms with Government or parastatal fnvolvement find that such
to Social vs. cash flow -- ag their investment yardstick., ... 1t is however, agencies behave Like sy other Inmtor, concerned with the
Private dpparent that .., the use of DCF will almost fnevitably give protection and profitability of their portfolfo,.= (18RD, 1983,
Proﬂubnlty results which have little ®meaning in social tersc.® (Loxley and P. 416)

Saul, 1975, p. 67y

W



JIabtle 7,7
A _Matrix of Gaining & Loaing Interests

Interest Groups
Policy

Kajor interest groups that stend to lose

Major interest groups that stend to gsin

Reform of the
macro-environ-
ment

For Tanzanis, those dependent on inefficient firms (public and
private) that ere sheltered by the price-control system.

For Kerrya, those currently gaining most from government
concessions to inefficient public enterprises.

Efficient firms, firms purchesing inputs fros currentty inefficlent
enterprises, consumers in genersl.

Competing (mostly private) firms, firms purchssing inputs fros
currently inefficient mblic enterprises, corsumers in gereral.

Altered composi-
tion of output
in favor of
small-scale
enterprises
(particularly
those in rural
aress)

Urben elites (manegers, highly-paid workers, buresucrats,
consumers), foreign interests that are allied to urban elfites
(irvestors, machinery sellers, manegers, skilled workers, etc.).

Rural intcrests (ssall-scale firms, the unesploywd/underesployed),
consumers of procducts made by samell-scale firme (i.e. mostly the
poor).

Altered techno-
logical choices
made by large-
scale public
enterprises

Oeveloped country interests (aid donors, menagers, mechinery
sellers, workers), consumers of products of devaloped country
technotogiez, end local interests that most benefit from the
presence of developed country interests (e.g. tocs! politicisns
serving on the boerds of joint ventures between foreign and state
capital).

Devaloping cantry interests (aid donors, finenciers, sellers of
mechinery), sellers of ussd equipsent, the oyed, consumers of
products produced by the alternative technologies.
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Eight

Technical Change and Appropriate
Technology: A Review of
Some Latin American Case Studies

Philip Maxwell

L. INTRODUCTION

The historical record of learning and technical change in industrial firms
in LDCs is pertinent to the theory and practice of appropriate technology
for at least two reasons.

First, any comparison of alternative techniques should consider the
improvements realisable through technical change. To make this comparison
operational, empirical evidence is needed about how well the possibilities
of technical change with alternative techniques have been exploited (and
how constrained these possibilities were) in real situations,

Second is the desire to extend the concepts of appropriate technology
beyond advising on the initial choice of technique, and to provide some
signposts for the best kinds of technical change for firms to pursue once
a particular technique has been chosen and installed. One may hope that
a firm that made a good (appropriate) initial choice of technique will
subsequently go on to generate an appropriate pattern of technical change
with that technique—but this is not a logical necessity. Equally, if a firm
has made a poor initial choice of technique, it may be able subsequently
to take remedial actions through introducing technical changes to bring it
back to a more appropriate technical direction. Thus appropriate (or
inappropriate) patterns of technical change may follow from initial choices
of technique. Investigation of the empirical record of such patterns in
LDCs should, hopefully, generate signposts that could increase the chances
that future technical change patterns will be more appropriate.

So the historical record of technical change in LDC industrial firms is
worthwhile to explore from an appropriate technology viewpoint. Only
fairly recently, however, have studies actually explored this record to any
marked extent. Until the early 1970s most research on LDC industrial
technology focussed on the issues of choice of technique and transfer of
technology rather than on processes of technical change in LDC firms or
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on indigenous technical effort and creativity. The implicit assumption was
that LDC firms were passive technology takers selecting their innovations
off the shelf of advanced country technology.

However, the past twelve years or so have seen rapid growth in the
amount and sophistication of research into technical change, learning, and
innovation in LDC industrial firms—especially in firms from relatively
industrially sophisticated or fast growing Newly Industrialized Countries
“NICs”—and have shown that a surprisingly large volume of indigenous
technical activity and creativity has occurred in some countries, sectors and
firms.! (For a good overview of the scope of this research see Fransman
and King, 1984.)

One of the widely recognized contributions to the study of LDC technical
change came from 2 research programme based on nearly 40 empirical case
studies in Latin America during 1975-8Z, known as the IDB-ECLA pro-
gramme. The objective of the IDB-ECLA studies was to find out about
the characteristics of technical change in several Latin Americzn countries—
through detailed empirical case studies of technical change in firms operating
either process plants or metalworking and capital-goods piants. A description
of the coverage of these studies and a complete list of the resulting publications
is given in the appendix to this chapter.

Because of the importance and frequent citation of the IDB-ECLA studies
of technical change, it is worthwhile to review thesc studies to help explore
the relationship between technical change and appropriate technology.? This
indeed is the purpose of this paper.

One should, however, be forewarned of come limitations in excracting
conclusions about appropriate technology from the IDB-ECLA studies. First,
the studies were never explicitly focussed on issues of appropriate tecnnology
such as the use of labour-intensive processes or the design and production
of simplified products meeting the basic needs of less well-off consumers.
The studies were chiefly concerned with identifying the locally generated
contributions to technical change in a restricted sample of firms, mainly in
the modern sector of the economy (large-scale process plants, and metal-
working and capital-goods firms). The insights the IDB-ECLA studies provide
on appropriate technology, therefore, are only a spin-off rather than a direct
output of the studies’ and refer mainly to better ways of developing tliese
modern sectors of the industrial manufacturing economy.

The second .imitation of this review is that its discussion of +zehucal
change is mainly about process innovation (and consequent productis ty
advance). It does not go into the question of product innovation «nd
appropriate products. Some light was thrown on product innovatioa by
the IDB-ECLA studies of technical change. However, to review this in
detail requires a paper in itself.

Thirdly, our discussion does not attempt to draw on the whole set of
IDB-ECLA empirical case studies. It is mainly based on the case studies
of steel plants (especially Dahlman, 1978 and Maxwell, 1982), as well as on
the reviews of the IDB-ECLA capital-goods and metalworking case studies
(Katz, 1982a; 1982b; 1984), and overall programme rcview (Katz, 1980).
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For these reasons the reader wili understand that thig is a limited
exploration into what the IDB-ECLA studies have to offer when viewed
from an appropriate tzchnology angle.

II. LOCALIZED TECHNICAL CHANGE

A major contribution of the IDB-ECLA studies relevant to appropriate
technology was the demonstration of the strongly localized and idiosyncratic
character of the technical changes introduced into the studied plants. It was
already wel] known from the literature on transfer-of—technology (for example,
Strassmann, 1968) and on appropriate tech:.ology (for example, Eckhaus,
1979} that plants installed in LDC;s usually required significant adaptations
to function properly in the unique local circumstances of 3 particular LDC,
industrial sector and firm., Hence, it was expected that LDC plants would
initislly be idiosyncratic in their technology compared both to developed-
country plants and to other LDC plants producing similar products. The
IDB-ECLA studies strongly confirmed this, The great detail about idiosyn-
cracy obtained in the case studies led to 5 rigorous and comprehensive
theoretical and empirical critique of the idea that technologies can be
acquired off the shelf without adaptations to local circumstances (see Katz,
2b).

The IDB-ECLA studies also showed that each plant’s pattern of technical

competitive and policy challenges and constraints arising in jts environment,

is evolving specificity (uniqueness) found both in a plant’s set-up and
in its context showed that much of tha i.hnological knowledge and know-
how for modifying plangs through tec: .ajcal changes would have to be
generated in-house by a plant’s own technical/managerial staff, based on
their unique, in situ knowledge of their plant’s functioning, problems and
possibilities, Thus, endogenous, in-house and localized know-how was found
to be crucial in technical change to modify plants.

standardised solutions, then technical creativity is needed either to adapt
standard solutions with localized know-how Or to generate original localized
solutions to technical probiems 4 Firms and plants with insufficient in-house
technical talent for generating and applying localised know-how are likely,
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therefore, to have severe problems in implementing technical change and
consequently in generating an adequate growth path of productivity in their
plants. Appropriate technical change, in the sense of sufficiently localized
technical change, is absolutely necessary if productivity is to be maintained
and enhanced over time—and this message comes across strongly in all the
case studies.

III. LONG-RUN FIRM TRAJECTORIES
OF TECHNICAL CHANGE

The IDB-ECLA studies also contributed to a convincing micro-economic
description of the complex processes of learning and technical change in
LDC manufacturing firms over long periods of time. Th. ' throw light on
the long-run technical change trajectories which constitute actual infant
industry maturation paths followed at the firm level.’

Several specific features of the long-run technical change trajectories that
were found in the case studies are described below:

a. Technical change trajectories imply that firms do much more than just
learn how to carry out pre-specified packages of routines efficiently;
they have to learn how to introduce scores (or even hundreds) of
minor technical changes both (a) to get plants working fully during
their start-up periods® and (b) to adapt and upgrade already fully
operational plants in between periods of major investment *o cope
with problems and raise productivity.?

b. Besides “start-up technical change” and “upgrading technical change”,
the typical trajectory also involves the less frequent incorporation of
major technical changes: that is, participation in the equipment se-
lection, construction and start-up of the major investments represented
by the initial plant itself and then by any future major expansions or
replacements of it.

c. Firms vary greatly at how good they are at carrying over technically
relevant experience from upgrading phases to subsequent major in-
vestment phases, and from the investment phases into the succeeding
upgrading phases.

d. Much of the technical change which firms introduce is unexpected,
and occurs as a defensive reaction when firms are faced by adverse
circumstances inside the plants (break downs or bottlenecks) or outside
them (government interventions or controls, threatening competitors’
moves, material supply cutoffs, etc.). In other words, firms do not
have perfect information and are often surprised by unfavourable
developments to which they must try to muster an effective technical
response.’

e. Firms are influenced in the rate and type of technical changes which
they seek to introduce by the quality and extent of the competition
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(by changing market structure), by macro-economic parameters such
as interest rates and growth rates, and by developments ir: the frontier
of technology internationally.

Because of the differing external contexts they face, and the manifold
technological differences between different industries and techniques,
it is clear that all long-run plant technical change trajectories differ
considerably. Each plant trajectory is dit¥erentiated and historically
unique, responding to the unique set of technology-specific, firm-
specific, industry-specific, context-specific and policy factors which
impinge on the plant throughout its evclution.

. Both the duration and the efficiency of plant learning and technical

change trajectories can differ enormously from country to country
and from plant to plant. For example, start-up learning periods varied
from one to 11 years for different steel plants in the IDB-ECLA case
studies (Maxwell, 1982). Also, the time taken by different capital-goods
firms to pass through the sequence of four stages of technological
maturity noted by Katz (1982a) varied tetween two and four decades
for those firms which successfullv made the transition through all four
stages.

. The growth of technological capability inside firms is a critical de-

terminant of the quality and efficiency of the technical change trajectory
that will be followed. For neither learning nor technical change are
automatic; they depend on internal factors—especially on the firm’s
skilled technical staff, the sophistication of their organisation, and on
management’s willingness to invest in technical change.

The IDB-ECLA studies have revealed immense inter-firm differences
in sophistication of, and resource allocation to, technical change
activities, ranging from inexperienced firras with “ad hoc”, unsystematic
or defensive strategies, to firms with more conscious, systematic, or
offensive strategies.

The IDB-ECLA studies also provided clear evidence of a technological
maturation process occurring within firms, expressed by a gradual
transition to more conscious and systematic learning and technical
change strategies.” Such a maturation process also involved progressive
growth in a firm’s internal technical capability. It seems to happen in
an evolutionary way but only through a deliberate management effort
(in response t expe ience) at building up a firm’s technical organisation,
skills and know-how. It also is often spurred by marked discontinuities
in a plant’s trajectory, such as those associated with major expansions,
crises or management changes.

It is apparent from the above list that satisfactory long-run technical
change trajectories in industrial maturation are not guaranteed, and neither
is their efficiency. For example, technical changes might not be introduced
when needed, they might not be localized enough, or the firm's learning
and engineering efforts might be inadequate. Hence, productivity advance
can break down at certain points on the trajectory. Unsuccessful or inefficient
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.echnical change sequences and trajectories can occur. If a trajectory is
grossly inefficient, it cannat be appropriate. This point is taken up in Section
4 on policy reflections.

1V. WAS TRE OBSERVED TECHNICAL CHANGE
IN AN APPROPRIATE DIRECTION?

A good deal of technical change took place in the plents studied by the
IDB-ECLA programme. But the relevant issue from the viewpoint of
appropriate technology is: how far did this technical change go in an
appropriate direction, not only as regards its localization but also in terms
of the several other main characteristics associated with appropriate tech-
nology?

It is necessary to have a suitable definition of appropriateness to answer
this. The straightforward one is the specific characteristics definition of
appropriate technology (Stewart, 1983):

Among economic characteristics, a more appropriate technology is normally
defined as rore labor-using than a less appropriate technology (higher L/O);
less capital-using (lower K/L); less skill-using; making more use of local
materials and resources; smaller-scale; and producing a more appropriate
product.

With this in mind, we now take one of tt. IDB-ECLA case studies,
and ask to what extent the technical change introduced there may be
regarded as having been appropriate technical change.

The study we look at is frequently cited. It is the USIMINAS state
steel firm in Brazil (Dahlman, 1973). As a large-scale, modern industrial
process plant, this plant is far removed from small-scale rural technolony.
(It might therefore be useful as a test-case to see whether the terms
“appropriate technology” and “appropriate technical change,” in the specific
characteristics definition, can be given useful policy meaning for this type
of modern industry.) In looking at the record of technical change in the
plant we shall focus on three points in particular: how the K/L ratio
changed, how scale changed, and the use of Incal materials.

It will be helpful first to refer to Figure 8.1. This shows various phases/
types of productivity-raising technical change in a firm that starts off using
Vintage I capital/technology, and operates with it, improves its productivity
and then goes on to introduce Vintage 11, and (later on) Vintage IIL

The kinds of technical change distinguished by Bell in this diagram are
labelled Type A, corresponding to start-up improvement (with each vintage);
Type B, corresponding to post-start-up incremental improvements which
raise plant efficiency above its original design level or rated efficiency (again
on each vintage); Type C, which is an inter-vintage technical change of a
moderate kind in that Vintages I and 1I are still recognisably related and
the productivity gap between the two vintages is not enormous; and Type
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D, which is a radical inter-vintage technica] change, involving 5 large
productivity gap between vintages II and II.

The patter shown in Figure 8.1 was followed by USIMINAS to the
extent that its injeig] plant (that is, Vintage 1) was (@) brought on stream
in 1963, (b) reached rated Capacity of 500,000 tons in 1966 and (c) was
then incrementally improved at low investment cost which raised output
from this plant to 1,200,000 tons by 1972. Then, from the period 1972~
77, a highly capital intensjve expansion (Vintage II) was implemented through
building large-scale new units along side the Vintage i plant units. This
raised the combined output of the expanded plant ahove 2,400,000 tons
per annum by 1977,

From 1966-72, labour productivity and capital productivity at the plant
inzreased drarnatically. Both increased at an average rate of about 20-25
percent per year with labour productivity increasing slightly faster—thys
altering the K/L ratio in the direction of slightly greater capital intensity,

During the period from 1972-77, labour productivity dipped considerably
from 1973-1974 while the new units were being brought on strearn, but
recovered in i975 and then in 1976 rose beyond the 1972 peak and continyed

emonstrate was in g shghtly more capital intensiye direction—that is,
inappropriate technical change.

of this later, However, technical change in USIMINAS was not appropriate
in terms of the K/L ratio.

Was it appropriate in terms of changes in plant scale? Over the 11 year
timespan from achievement of rated Capacity in 1966 to 1977, the output
level of USIM] AS became 3 multiple of more than five times its initial
output level—a fast rare of grouth in only 11 years. Byt still, the notion

almost certainly a bias in the IDB-ECLA studies towards technolog‘ically
capable and “successfy]” firms whose growth rates were probably often
Ve average for thejr branches of industry,
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In USIMINAS (as in other steel plants) most of the increased plant
capacity for providing for growing cutput levels was not met by stretching
the rated capacity of existing units (although this was important) but by
investing in bigger new plant units built aleng side the existing ones. The
incremental capacity added in USIMINAS's 1972-77 expansion was more
than double the initially installed capacity of the original plant, and essentially
all the individual main process units in the expansion were larger (for
example, the new coke batteries had twice the capacity of the original ones,
the steel shop’s converters were nearly three times as large as those in the
original plant, and the new blast furnace was much bigger than the original
ones).

Clearly, ther, the technical changes implied by this major expansion
were not in an appropriate direction in terms of representing a change to
a smaller scale or even a duplication of the pre-existing scale.

However, it must be recognized that in the past 40 years international
trends in the technology of integrated coke-based steel plants have been
towards larger plant scales—shifting from, for example, 1 miliion towards
10 million tons per annum plants and also progressively larger individual
process units. USIMINAS’s decisions were in line with these trends.
Increasing plant scale and size of units in the classical integrated coke-based
industry have been closely associated with more complex and advanced
technology. So major rounds of capital intensive investments in integrated
steel plants in recent years have usually involved major increases in both
scale and technology.

What about USIMINAS's record of technical changes in the use of local
materials? This is an area in which technical changes were clearly in an
appropriate direction {especially in those parts of the plant—in the coke
ovens, sinter plant and blast furnaces—where the processes are inherently
materials-dominated, that is, where most costs relate to materials costs).

From the start of production, adaptative technical changes were needed
by USIMINAS due to great differences between the composition of locally
available iron ore in terms of its physical and chemical characteristics and
the type of iron ore for which the plant had been designed. (Locally available
ore was mainly in the form of fines—that is, with small grains—which was
more haematitic, had greater amounts of SiO, impurities, and had greater
variability in its chemical and physical characteristics.)

These special characteristics of the local cre meant that the entire
sintering process needed to be studied ab initio—both in practical operation
and by special tests in a pilot sinter plant—to understand the effect of
varying physical and chemical characteristics of the local raw materials on
the process of producing sinter. For example, such properties as the physical
resistance of the sinter, its basicity,? homogeneity, composition, ignition
characteristics, the yield of correctly sized sinter emerging from the input—
and the performance of the resultant sinter feed in influencing blast furnace
output and productivity—all needed to be studied and assessed carefully,
based on different combinations of raw material input mixes and different
process conditions (Dahlman, 1978).
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Thanks to some Initial guidance from their Japanese advisers, and through
making use of their pilot sinter plant, as well as by actually starting up
and carefully studying sinter and blagt furnace production,” over severa]
years USIMINAS engincers were abje systematically to build up their
understanding of the physical and chemical processes and use this to specify
practical solutions and improvements,

As a consequence they raised the capacity of this sinter plant over seven
years (1966-73) by an impressive 101 percent above the rated leve] through
(a) introduction and testing of progressively more sophisticated and efficient
raw material input mix combinations—for example, 13 different raw materials

in steel production costs) was reduced in a similar period from around 600
kilograms per ton to around 420 kilograms per ton.

These types of technical change were clearly appropriate in the senge
of modifying Processes to match the available local raw materials; improving
the quality of the local raw materials through more accurate selection and
control; and introducing additiona! local raw materials to further increase
the efficiency of the process.

Adaptations were also mac'e to increase the efficiency of yse by USIMINAS
of national coal. Although the coal had an undesirably }: 4h ash and sulfur
content, the government had insisted that it be used in subscantial \ roportions
by local steel plants. After the 1973 -nergy crisis, prices of imported coke
more than doubled and 3 round of energy-saving technical changes was
_____ 1 J

{itodiced with help from the company’s R&D department, This was

percent per annum while tota] factor productivity increased by an average
of 2.77 percent (Castado, Katz and Navajas, 1981), suggesting a significant
increase in the K/L ratio cver the period concerned.’s In the Argentine
rayon plant studied by Katz and others (1978) drastic modernization was
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introduced 15 years after the plant started so as to meet the threat from
new competition, and one-third of the labour force was released. Also,
referring implicitly to capital-goods and metalworking firms, Katz (1980)
notes that:

At their starting point almost all of the firms we have examined began with
a rather high ratio of labour to capital. In due course, however, most of them,
as well as newly arriving competition in the same industries, opted for more
capital intensive technologies.

Labour-intensive in-plant transportation procedures and quality control
and maintenance procedures were mentioned (also by Katz) as having become
more automated in many metalworking plants, in response to both rising
wages and increasing output.

The strong impression, then, is that technical change in the IDB-ECLA
plants has usually been in the direction of a rising capital-labour ratio (even
though the rate may be slow, as in the case of USIMINAS) and towards
larger scales of plant output (both in process and capital-goods plants). Boh
of these trends take the producers in an inappropriate direction.

Nevertheless, if we generalise from the broad findings of the case studies
(Katz, 1980), we can also see that technical change was often appropriate
in the sense of involving considerable adaptation to local inputs and materials,
local market needs (product qualities and models), local competitive pressures
(new entrants or demand changes) and the uncertainty of macro-economic
policies in the local policy environment.'s Therefore, much of the observed
ractern of technical changes can be considered appropriate in the sense of
being minimally or adequately localized.

V. SOME POLICY REFLECTIONS

While the K/L ratio is usually and rightly at the centre of preoccupation
for appropriate technology policy, it is obvious that both K/Q and L/Q
ratios—that is, productivity—are also important. Persistently high cost output,
slow learning, and slow technical change rates—regardless of the technique
originally selected—are hardly going to be helpful. Or, to put the matter
more bluntly, gross inefficiency is inappropriate, whether it occurs in a
small, medium or large-scale plant.

The USIMINAS example already examined was an inspiring, almost
textbook example of rapid learning and technical change—suitably localized—
and leading to continuous improvement in K/Q and L/Q ratios. At the
heart of these favorable changes was the efficient implementation by the
firms of Bell’s Types A, B and C technical change throughout a long and
successful technical change trajectory. Several of the other IDB-ECLA case
studies reported quite successful long rurs of technical change carried out
by fairly efficient Argentine, Brazilian and Mexican firms.
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It would, however, be misleading to claim that these success stories were
the norm even in those large three Latin American countrics, for modern
sector firms. Instead, as the IDB-ECLA studies as a whole imply, and as
the review of infant industry productivity change by Bell (1982) shows more
Systematically, the average picture of Latin American (and LDC) industrial
infant industry maturation is disappointing. This is especially true when
tracking how the K/Q and K/L ratios are faring when compared to steadily
improving international standards. In particular, it appears that average rates
of productivity advance in many industries are pretty slow, and the cost
and duration of industrial infancy are correspondingly high. Instead of infant
industry learning periods (catch-up periods) for steel plants and capital-
goods industries lasting about 10 years, it emerges very clearly both in the
IDB-ECLA studies and in Bell's review that the time involved has been at
least twenty years, often thirty years or more. (USIMINAS is an exception.)

While traditionally one measures the duration of infant learning in terms
of how long it took a particular plant or national industry as a whole to
progress from initiating production to a lowering of its production costs
t0 an internationally competitive level, the IDB-ECLA studies have illustrated
that industrial infancy can also usefully be measured along the dimension
of increasing internal technological capability as demonstrated by mastery
by firms of certain levels or degrees of technological capacity and organisational
sophistication—which are 3 Precondition for achieving cost reductions,

For example, in his review of the IDB-ECLA ca, ial-goods studies Katz
(1982a) identifies four different stages of technological capability along a
trajectory being travelled sequentially by a representative Latin American
capital-goods firm using a basically discontinuous technology.

These phases were 1) original implantation of small-scale, unsophisticated
workshop/plant; 2) transition through rapid expansion via embodied in-
vestment into a more rmodern factory; 3) digestion and raticnalisation of
this expanded factory through employment of more technical staff, a more
conscious technical strategy, and the progressive replacement of rules of
thumb by properly organized plans, standards, manuals and procedures; and

the entire plant and all of its complementary functions,
To complete this sequence of four stages required at least twenty years

firms simply do not get through all the interim stages, and get stuck at
iower levels of sophistication or actually disappear en route due to competitive
pressure.

LDC capital-goods plants are typically different from DC plants as regards
their smaller scale, higher degree of vertical integration, lower use of
subcontracting and idiosyncratic technical organization.”” Given these dif.
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ferences, and a goal of aiming for the optimum choice of technique, the
need is for flexihle yet efficient layouts, machinery choices and organizational
arrangements to be implemented for scaled-down plants at the start of the
selection/installation process, rather than being reached only after costly
trial and error and remedial technical change.

In this regard, all developments which have promoted ~conomies of scale
in small and medium sized plants in LDCs need to be scrutinized. In this
sense, techniques such as group technology are important (Katz, 1982a). So
too are policies for the standardization and normalization of parts, which
can be conducted first at the intra firm level and then, to have a greater
influence, coordinated by government industrial policy at the sector level
(Katz, 1982a).

Turning to policy ideas from the steel plant studies, the data from the
case material shows that it has often required several years of remedial
technical change efforts to get initial plants or subsequent plant expansions
working properly. This was true in some of the major investment projects
of the Peruvian, Colombian, Argentinian and Mexican state steel plants
(Maxwell, 1982). The need was usually to overcome serious plant design
errors, as well as subsequent construction phase errors and general inex-
perience among plant staff in operating procedures. In other words there
was considerable scope for many of the firms studied to have made better
choices of techniques. Because this did not happen, expensive remedial
technical change paths often had to be followed.

Moreover, not only were there problems with the initial plants built by
some of the steel firms studied, but some major design, conceptual, con-
struction, and operational errors were made in the expansion projects for
the Colombian, Mexican and Argentine state steel plants (Maxwell, 1982).
These errors helped to cause long start-up periods and the need for
prolonged and costly remedial learning and investment before these ex-
pansions could be made fully operational. Evidently, then, the learning and
experience acquired in the first plant cycle was insufficient to equip these
firms to cope with the major new complexities imposed by their expansious
in the second cycle. I terms of Bell’s diagram (Figure 8.1) type C technical
change was badly mishandled.

So, it is not only the absolute scale of a steel plant or the identity of
its physical technology which can sometimes be inappropriate. It is also
possible that the rate of change of scale and/or the extent of the jump in
technology that a firm undertakes when expanding can be inappropriate too.
This will be so when the technological capability of the firm concerned
falls short of the level needed to assist in specifying its new scale of plant
or technology properly and subsequently to learn to implement and master
it in a reasonable time frame.

For major process plants, such as steel plants, the IDB-ECLA findings
suggest the need to revise the methodology of the feasibility reports carried
out by governments and international and national development banks.
Such reports strongly influence—or rubber-stamp—the choice of technique
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merely the actual set of process choices constituting a plant’s technology.
It is also the set of plant scaling and sizing decisions taken, the selection
of the international and local technology suppliers contributing to the

of its plant or expansion.)

The revision needed is to bring learning and technical change consid-
erations explicitly and fully into the feasibility analysis—that is, explicitly
to estimate learning times and learning cost of major scale changes and
major technical changes as part of the standgrd cost-benefit analysis procedure
for such investments,

analysts take a hard line on the question of industrial efficiency, by defining
industrial infancy as a condition of “being uncompetitive on the world
market”; and they define industrial maturity as, “a condition . . , of bei~g
competitive and of being able to remain competitive,” Maturation, in this
definition, is “the process of getting competitive and staying competitive”
(Bell, Ross-Larson and Westphal, 1983).

This viewpoint is shared by other authors. Katz (1984) criticises the
outcomes of technical change trajectories in certain Latin American capital-

We think, however, thar putting the issue in this tough way is not very
helpful. The important question to ask about long-run trajectories in most
LDCs is, so far as their end results are concerned, “how far are these
plants behind international standards?” This is a quantitative problem.
However, value and policy judgements will be required regarding the extent
of the productivity gap that can be regarded as tolarable. In this context,
both scale of plant and choice of technique are Irnportant issues whenever

of technological maturation with its plant. The sz of this gap is determined
by the inherent design limits of the small-scale technology versus the large-
scale technology in advanced countries,

However, at the cvel of industrial protection and tariff policies, the issye
seems to be wrongly put if one states that because small and medium-scale
plants can never produce as cheaply as larger scale plants in advanced
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countries, therefore such small and medium-scale plants should have no
place in international production. This would make csmplete nonsense of
industrialization policy throughout most of the developing world.

Rather, one has to accept that if societies are going to industrialize, then,
with a few exceptions such as the largest LDCs like Brazil or India, the
incidence of small and medium-scale plants is going to i the general crder
of the day.

The challenge, therefore, is to design an industrial protc:‘on policy and
consistent technology policies (including appropriate technology policies)
which will encourage rapid learning and systematic strategies towards technical
change by the managements of these small and medium-scale plants, so
that a high degree of efficiency and productivity can be achieved.

NOTES

1. The NIC countries include Brazil, Mexico, Argentina, India, South Korea, and
Hong Kong.

2. One of the foremost practitioners in this research field has stated that (see
Lall, 1984): “. . . the seminal work, sponsored by the Inter-American Development
Bank (IDB) and the United Nations Economic Commission for Latin America
(ECLA) on technological development in Latin American eaterprises . . . (has) ...
provided a substantial part of the analytical underpinning of most recent research
on third world technology and technology exports.”

3. An important further limitation to deriving appropriate technology policies—
even for these modern sectors—from the IDB-ECLA studies (and this would also
apply to trying to derive protection or infant industry policies from them) is that
they focussed almost entirely on the “internal economies” of the technical changes
introduced by manufacturing firms, and touched only incidentally on the generation
of the external economies of technical change which could benefit other firms (for
example, competitors or customers). This is an important limitation when evaluating
policies for setting up or strengthening LDC capital goods industries, given that
these have been posited as important transmitters of external economies to other
segraents of LDC industry. Also the IDB-ECLA studies did not significantly explore
the technical performance of local engineering or consulting engitieering firms. Yet
these kinds of firms, perhaps even more than local capital goods firms, have been
posited s major generators of external economies both for their customers (such
as local project owners) and for the local capital goods and metalworking industry.

4. Nelson (1979) points out that much of plant technology and know-how is not
100% replicable or transferatle even in theory. When two plants are engaged in
essentially similar activities, they will always be operating a somewhat differentiated
and specific “package” of operational routines, some of which they will have had
to develop for themselves.

5. Lall (1978), Katz (1982), and Bell (1982) have all talked of the infant industry

iearning process as one involving “technological maturation” by firms.
6. A sigaificant fraction of these minor technical changes were introduced in
the start-up periods of new facilities to get them working properly at design capacity

in local conditions. Dahlman (1978) offers a particularly good and detailed account
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7. In many cases, the stimulys to these upgrading types of minor technica] change
was the emergence of production bottlerecks, In other cases, it Was to cope with
adverse externa) changes: for example, supply shortages, price rises, or competitive
changes, Achieving cogy reductions through increased productivity was also an
important stimulus, as vag the desire of managements to seize new market demand
Opportunities either through raising plant output, raising product quality, or launching

oducts. .

in the surrounding supply context and policy contert, This is we]] described in
Teitel (1979), Canitrot (1978), and Teubal (1979).

- 1his phrase is yseq (and its meaning developed in detail) by Laj (1979), Kae:
(1982a), and Bej (1982),

10. These figures follow the account given by Bell, based on his reading of the
case study data (see Bell, 1982, p.31).

11 In this listing, labour, capital, and total factor productivity growth rates drawn
from 32 different firm case studies are collated,

12. Basicity is 5 chemical property, the opposite of acidity. Bases and acids react
with and neutralise each other.

- During start-up, rated sinter plar.. -"Dacity was achieved i a series of carefully

located the world’s leading firms in e adaptation and development of much smaller
scale charcoal-based blast furnaces which can be fog by local plantation-reared

levels of skilled technical labour, the exchange rate, and the length of the planning
horizon, Decisions to upgrade (modernize) y plant usually substityted skilled engineering

r for new capital-intensjve itnported equipment and constituted a significane
kind of appropriate technical change.

17. The idiosyncracies of capital goods plants may be even greater than in process
plants becayse of product heterogeneity, component complexity, and the vast range
of technica] alternatives for arriving at similar end results, matched by organizational
alternatives for implementing the process,
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APPENDIX:
SCOPE OF THE IDB-ECLA STUDIES
AND COMPLETE REFERENCE LIST

In the first phase of the IDB-ECLA programme (1975-78) the main focus
was on empirical case studies of the technological behaviour of individual
Latin American firms (and sometimes of complete branches of industry) in
the field of large-scale process plants, including chemical, petrochemical,
rayon, steel, cement and cigarette production plants. There were some 16
studies of this kind (see refs. 4, 7-9, 11, 13, 15, 16, 18-21, 24, 26, 27). There
were also two studies on technology-linked exports from Argentina (2, 14),
three country studies of the contribution of technical change to productivity
growth in manufacturing industry in Colombia, Argentina and Peru, re-
spectively (1, 22, 25), and a valuable study of technical change in the
Argentine construction industry (3, 17). As can be seen from the references,
many of the above studies are available in English.

In the second phase of the programme (1979-82), the focus shifted to
metal working and capital goods producing firms—where some 22 different
case studies were conducted on individual firms (or in a few cases on specific
branches) in the metal working and capital goods industries of Argentina,
Brasil, Colombia, Mexico and Venczuela. The different kinds of production
covered by the case studies included the manufacture of lathes and other
machine tools, production of automobile parts and components, production
of electric motors, some consumer durables, agricultural implements and
machinery, and the output of foundries and forgings plants. For the 22
studies, see refs. 37-50, 52-54 and 57-61 inclusive,

According to the reference list, only two of these 22 capital-goods firm
case-studies, both related to numerically controlled machine tools (37, 44,
appear to have besn published in English, and the others published in
Spanish. The review paper which supplies an overview and conclusions
from all these studies is by Katz, sce item 51 in references, and is in Spanish.,
However two much shorter, distilled versions of this review have been
published in English (Katz 1982b; 1984).
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The main characteristic of the case studies of IDB-ECLA was their focus
on the micro-level and microeconomic conduct of the plants concerned
with developing and changing their technology—explored through very
detailed fieldwork and interviews at the firm and plant level.

The case studies looked at technical change over long periods (five to
40 years) in the chronology of plants and firms, and thus avoided a one-
sided focus on only the periods of major investments. Consequently, the
studies could offer a proper long-run perspective on technical change in
firms, which did not leave out the greater part of the life-cycle of the firms
and plants concerned.

Most of the studies achieved a detailed qualitative description of the
technological history of each firm or plant, and usually useful descriptions
of the firm's sectoral and macro-contexts. Although many of the studies
did not go much beyond this, nearly all came up with some clear quali.ative
and/or quantitative evidence of significant productivity impr. sements due
to the introduction of technical changes. Only a few, however, undertook
systematic quantitative investigations of the productivity advances achieved
(in this regard see, for instance, Katz, and others 1978 [see ref. 13] and
Dahlman, 1978 [see ref. 21], and Castaio, Katz and Navajas, 1981 [see ref.
38).

Although the unit of analysis was usually the individual firm (or group
of firms) being studied, information was also produced in most of the case
studies about how specific historical features of the different sectoral, macro,
and policy contexts in each country had influenced the technical change
undertaken at the firm level.

It is not easy for researchers to use the IDB-ECLA findings since the
empirical case studies usually contain heavy technological detail without,
in some of the studies, much in the way of organising hypotheses to lighten
the story. However the technological detail was one of the great strengths
of the programme. Moreover there are a number of review papers of various
aspects of the studies which lighten the task of utilizing the findings.

In particular, to help evaluate and utilise the valuable “trawl” of empirical
data from the individual case studies, a serious effort was made within the
IDB-SCLA programme to prodice some review, theoretical, comparative,
and summary papers which would distill the important results from the
case studics and point towards policy conclusions. The main published
outputs of this kind were (i) Katz, 1980 (ref. 35) which summarises some
overall results from the programme; (ii) Katz, 1982a (ref. 51) which reviews
and compares the capita! goods and metal working case studies; (iii) Maxwell,
1982 (ref. 55) which compates and discusses the programme'’s five steel plant
case studies; (iv) Teitel, 1979 (ref. 34) who examines how distorted macro
contexts affect the types of technical change undertaken; (v) Canitrot, 1978
(ref. 12) on how technical change is affected by changes in the values of
macroeconomic parameters; (vi) Teubal, 1979 (ref. 33) which models learning
in response to bottleneck situations; and (vii) Nelson, 1979 (ref. 31) who
explores the tacitness and non-imitability dimensions of industrial technology.
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1. The creation of technology in the Argentine manufacturing sector, Katz,
J. July 1978, (Spanish original noviembre 1976).

2, Technology and industrial exports. A micro-economic analysis of Ar-
gentina’s recent experience, Katz, J.; Ablin, E,; August 1978, (Spanish
original diciembre 1967).

3. Competition, oligopoly and technological change in the construction
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—_—
Source: IDB-ECLA Programme Document,
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Overview and Conclusions

Frances Stewart

1. INTRODUCTION

Over the past two decades the concept of appropriate technology (AT) has
gained increasing acceptance as an essential part of any development strategy
which aims to combine economic growth with equity. The spread of
productive employment throughout the adult population is necessary for
full participation in economic development, and for generating sufficient
incomes -mong the poor to enable them to meet their basic needs. The
adoption of efficient appropriate technologies is intrinsic to spreading
productive employment and eliminating unemployment and underemploy-
ment.

Although the need for appropriate technology is widely agreed upon, as
evidenced by the enormous literature (see Carr, 1985, for many examples),
and the many institutions which promote AT (sec Jequier and McRobie),
the achievements in terms of actual use of appropriate technologies have
been relatively small. There are, of course, nt nerous examples of successful
ATs. But there are more examples, even in countries where the need for
AT is explicitly accepted by the government, of inappropriate technologies
being introduced often displacing appropriate alternatives. In many countries
the problems of unemployment and underemployment remain acute, while
the continued growth of population, with increasing numbers falling below
the poverty line, has further accentuated the need for AT.

The hypothesis underlying this book is that a mazjcr reason for the
relative failure of AT—in terms of actual on-the-ground investment—has
been a near exclusive focus by those promoting AT primarily (and often
exclusively) on micro-interventions—that is, the development and intro-
duction of specific ATs in specific contexts.

Unavoidably such interventions can only affect a very small proportion
of the total investment decisions even when (as is increasingly the case)
they begin to work on issues of dissemination and replication after a
successful pilot project has been initiated. Moreover, by looking exclusively
at particular projects (including dissemination and replication), no attention

271
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the modern industrial sector which pre-empt resources, create inequalities
and regional imbalances, and may undermine appropriate technologies.
ile micro-interventions have 2 role to play, the widespread adoption

introduction of appropriate macro-policies because the policies would change
the distribution of benefits from economic actwvity in a way that might
conflict with dominant interest jroups. The empirical studies were intended
to elucidate how the policies identified as promoting AT would affect the
nexus of interests in the society being studied.

This chapter presents an overview of the empirical studies and analyses
the main conclusions, Section two will briefly review the findings of each
of the studies. Section three highlights the main conclusions and analyses
how the hypotheses put forward in the introductory classification require
modification in the light of the empirical work. Before coming to the
empirical studies, the rest of this introductory section briefly sketches the
classification presented initially in chapter one so that the findings of the
empirical studies may be viewed against this framework of analysis,

* * .

Objectives

It was argued that each type of decision-maker (for example, family, parastatal,
small local private company, or large private, multinational company) had
its own objectives, but these could be influenced by the environment in
which the decision—mnking unit operated. Consequently, objectives might
be changed by changing the balance of different types of decision-makers
within the economy. This was described as the composition of units.
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Resources

It was suggested that the resources available to each decision-maker, in
price, quality and quantity, determined the quantity of investment each
could make, and also influenced the nature of each investment decision.
Policies towards resources include policies influencing the prices of different
resources (for example, subsidies and taxes, investment allowances, and
minimum wage laws); policies towards imports (tariffs, quotas, exchange
rates) which determine the price and availability of imported resources; and
policies towards credit which determine access to finance for investment
by different decision-makers.

Markets

The type and extent of the market served by each micro-unit was argued
to be an important determinant of technological choice, influencing both
the nature of the product, and thereby the method of production, and the
scale of production. In general, different types of decision-making units
serve different markets, ranging from the world market to informal sector
consumers. Government policies could influence both external and domestic
markets. External markets depend on developments in the world economy
but are much more inflzenced—in terms of domestic decision-makers—by
policies towards international trade (for example, import-substitution versus
export-orientation). Domestic markets are influenced by internal income
distribution and by the consumption regiine, both of which could be changed
by government policies.

Technology

The fourth determinant of choice of technology suggested was knowledge
about and price of technological alternatives. Decision-makers normally have
access to only 2 subset of the world technological shelf, and this subset
varies with the type of unit. For cxample, multi-national corporation
subsidiaries have easy and cheap access to the latest technology in use by
the parent company, while sources of technology for the small-scale sector
are largely confined to the technology in use by other firms in the region
and the occasional machinery salesman. Over time the world technological
shelf shifts and the subsets known to various units also shift. The direction
of this shift depends on R & D and more informal innovations both abroad
and in the country concerned. Policies to affect the change over time include
policies towards local R & D, dissemination channels, and informal sources
of technical change.

Analysis of the four categories separately suggested that there was likely
to be a systematic difference in choice of product and choice of technique
according to the type of decision-making unit. Government policies might
therefore affect choices towards more appropriate technology, both by
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changing the environment so that each type of decision-maker would make
more appropriate choices and by shifting control over investable resources
towards those types of decision-makers that tend to make more appropriate
choices, that s, changing the composition of units,

II. FINDINGS OF THE EMPIRICAL STUDIES

The studies divide broadly into two groups. The first five (chapters two
through six) are concerned with rural and agriculture-related technologjes,
The last two (chapters seven and eight) relate mainly to industria] urban
processes,

Technology Choice in Indian Agriculture

In chapter tv-o Ashok Rudra reviews technology choice in Indian agriculture
over the past v4ree decades. He argues that afier an initia] period in which
more-or-less aporopriate technology was promoted, since around 1959 the

on a Green Revolution package, involving the application of fertiliser,
irrigation, zynd mechanization in combination with the new seeds; the

largei: farmers and richer regions, which led to growing rural inequality
and regional imbalance, occurred for each of the main elements in agricultural
technology: mech-nisation, where, despite strong evidence of zero or regative
social returns, employment displacing mechanisation was promoted; fertiliser
policy, where there are large subsidies on chemical fertiliser production and
N0 promotion of organic alternatives; pesticides, where a similar situation
prevails; and irrigation, where mechanised tubewells were promoted, while
canals and other forms of traditional irrigation were ney.ccted. In each case
the interests of large farmers, and foreign and domestic machinery and
fertiliser Producers, combined to bring about policies favouring inappropriate
technologies at the expenss of small farmers, landless labourers, and rural
artisans, and of large regions in the country where the “package” was
inapplicable,

The policies which led to inappropriate technology in Indian agriculture—
and which would need to be reversed to promote appropriate technology—
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include price and credit policies, which subsidised the production, sale, and
finance of chemical fertilisers, tractors, and mechanised tubewells. In addition,
R & D (mainly carried out by public institutions, domestic or international)
largely neglected the development and improvement of appropriate alter-
natives. Where appropriate R & D did occur, dissemination and promotion
of the results was almost totally neglected, in contrast to the efficient
network which developed for the promotion of the inappropriate technology
package.

Rudra’s analysis puts major emphasis on policies in the area of resources
and technology. He presents a clear view of the forcss of political economy
which led to the policies favouring appropriate technology—namely th=
dominant interests of large farmers, and domestic and foreign machinery
producers, supported by bilateral and multilateral aid-donors.

Irrigation in Bangladesh

In chapter three, Stephen Biggs and Jon Griffith examine an example of
an appropriate irrigation technology in Bangladesh which, in microcosm,
illustrates many of Rudra's findings for Indian agriculture as a whole. The
example is the manually operated shallow tubewell (MOSTI). This consists
of converting an established technology for providing domestic water supplies
to a technology for irrigating crops. MOSTIs are shown to be more
appropriate than the mechanised shallow tubewells (ST) by several criteria:
MOSTTs are much smaller in terms of the area covered, which is on average
one-twentieth of the STs; they are much cheaper at about one-eighteenth
the cost; they use only manual labour compared with diesel fuel required
by the STs; and they create far more employment—twenty times as much
per acre, while investment cost per acre is 1/320 of the ST.

The two techniques achieve similar Tates of irrigation for every Tk. spent
on capital costs, measured at market prices. But the market prices include
a heavy tax on the materials used to make the MOST], and subsidies on
the STs. The STs are more profitable at these prices, if labour is costed
at the ruling market rates and the capacity of the tubewells is fully used.
But with less than full use of the tubewells or if the labour is family labour
with very low opportunity cost, then the MOSTIs become profitable. The
MOSTIs are especially suitable for very small family farms with limited
access to credit, where the low capital costs, low scale, and high use of
labour are particularly advantageous. Surprising'y, research into the results
of projects supporting MOST]Is has shown that they are bought by relatively
large farms. Biggs and Griffith speculate that this might be because of the
subsidies involved in these programmes, and that some who buy them
might do so to resell to small farmers.

The study reveals the following policy obstacles to the promotion of
AT:

1. Very limited R & D on appropriate technologies. In fact, the MOSTIs
are not a new technology but a new use for an old technology. Biggs
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and Griffith argue that there would be very large potential gains from
devoting more resources to R & D for more appropriate technologies
in improving the efficiency of existing techniques and developing new

2, Price policies in Bangladesh gerierally favoured the more inappropriate
technologies. In this case there was a heavy tax on the steel pipes
used in the MOSTIs and subsidies on mechanised methods,

4. The financial and administrative procedures of the aid agencies were
better suited to mechanised techniques with 3 large import content,
Recently, a MOSTI-type pump has been developed using bamboo

to support MOSTIs in 1976 had difficulty in securing cooperation
from the Bangladesh Agricultural Development Corporation.

The policies identified thus $t into those of resources (prices and credit),
technology (research and development) and objectives (the objectives and
organisation of aid organisations and the Bangladesh parastatal administration),
in terms of the introductory classification,

Analysis of the interest groups involved in the decision about irrigation
technology showed that the major gainers from the appropriate technology

Paddy Threshing Technology:
Thailand and the Philippines

In chapter four, Bart Duff tel]s the story of the small thresher designed
by the International Rice Research Institute (IRRI) and its impact in the
Philippines and Thailand,

WO versions of a thresher suitable for small rice farms were developed
by IRRI, the outcome of research and development starting in 1967, Local
manufacture of the threshers was initiated in the mid-1970s and by 1985
there were 70 firms producing the threshers in the Philippines and 20 in

iland. In each country, there was a very high adoption rate among small
farmers in irrigated areas.

Analysis of the effects of the thresher shows that it was significantly
labour—displacing, saving between one-quarter and one-third of laboyr used
in post-production processes. A general equilibrium analysis in the Philippines
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showed that total labour use following an increase in rice production was
7 percent less with the thresher than without it. The reduced labour-use
in the Philippines affected hired labour more than proportionately. Landless
labourers are among the poorest groups in the Philippines. Labour’s share
of output declined with the introduction of mechanised threshing.

In the Philippines, this labour displacement occurred at a t.me when
the labour supply in aggregate was growing faster than demand and real
wages were falling. In contrast, in Thailand where there was an expanding
land frontier and only a smali landless labourer class, real wages were rising.

In both countries, the technology was highly profitable from a private
point of view (hence its high rate of adoption). But whereas in the
circumstances of Thailand it was also socially beneficial, in the Philippines
it seems to have had negative effects, contributing to the surplus labour
and depressed real wages. Whether on balance, the social effects are deemed
positive or negative in the Philippines must depend on how the incomes
of different groups are weighted.

The high private profitability in the Philippines—despite the uncertain
social effects—was partly due to government policies towards credit and
tariffs. The research and promction provided free by IRRI also contributed
to private profitability. The technology’s profizability was alsc due to the
yield increasing eifects (of from 0.7 to 6.0 percent of the grain) because
greater losses tended to be associatad with manual metheds, unless there
was a high degree of labour supervision.

The study suggests a number of important concluasions. First, it underlinzs
the fact (argued in chapter one) that appropriateness is relative. What is
appropriate in one context (Thailand) may be inappropriate in another (the
Philippines). Second, it shows the potential for R & D, but also suggests
that very great care is needed to ersure the appropriateness of new
technologies, especially in a labour surplus economy. In the Philippines
what appcared to be appropriate—being small-scale, locally produced, simple—
in fact turned out to have important labour-displacing effects. Examination
of the likely effects of the techmnology should have been carried out by
iRRI before launching the technology on a large scale. Third, the case
provides an example of a classic conflict between output and employment.
The thresher appears to maximise output in the Philippines, but at the
expease of employment and a deterioration in income distribution.

Rural Linkages in the Philippines and Taiwan

The study by Gustav Ranis and {'rances Stewart (chapter five) uses material
from the Philippines and Taiwan to analyse rural linkages as a way of
promoting appropriate technology. It is shown that in general, rural in-
dustrialisation uses more appropriate technologies. A dominant factor leading
to the growth of non-agricultural activities in the rural areas are linkages
arising from agricultural development. Agricultural growth generates non-
agricultural activity through consumption linkages (i.e., extra demand for
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consumption goods and services from those whose agricultural incomes
have risen), forward linkages (processing agricultural crops), and backward
linkages (supplies of inputs to agriculture). Examples from the Philippines
show the very extensive nature of these link=ges, with a one percent increase
in agricultural output leading to a more than one percent increase ir: non-
agricultural employment in the rural areas, Consumption linkages were
generaily quantitatively the most significant. In Taiwan the rate of growth
of non-agricultural employment in the rural areas was more than twice the
rate of growth in the Philippines at a time when agricultural growth rates

rur’ areas. The high rate of large-scale mechanisation in the Philippines
was due to a set of price interventions, including subsi{ised credit, which

favoured tractors, and to unequal land distribution. In Taiwan the rapid

canning factories.

In Taiwan, processing agricultural crops was generally more decentralized.
A major reason for this situation in the examples of bananas and pineapples
was the presence of small-scale local companies that carried out the processing
in Taiwan, whereas in the Philippines processing was done by multinational
companies in large-scale plants. In rice processing in the Philippines, aid-
donors and the government together promoted large-scale capital-intensive
integrated rice-pracessing plants, at the expense of small-scale village mills.
The availability of infrastructure—roads ar.d rural electrification—was gen-
erally much more deficient in the Philippines, discouraging rural linkages,

The study concludes that strong rural linkages are a powerful mechianism
for promoting AT and identifies a number of policies which would strengthen
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Policies suggested by the study fall into four categories. The emphasis
on policies to promete agricultural growth, however, falls outside the initial
classification.

Analysis of the political economy of the policies identified as promoting
AT reveals similar interests to the findings of Rudra and Biggs and Griffith.
The major gainers from the policies favouring AT would be small farmers
and the landless and small rural entrepreneurs, while the main losers would
be foreign machinery suppliers, local bureaucrats and cronies, and large
farmers. The latter present a powerful constellation of interests, but the
study identifies some policies—notably general promotion of agriculture,
especially support for labour-intensive crops and provision of rural infra-
structure—which would impose fewer losses on powerful groups, and might
be less vigorously opposed by dominant interest groups.

Sugar Processing in India and Kenya

Chapter six by Raphael Kaplinsky contains a case study of one example of
forward linkzge—sugar processing—drawing on material from Kenya and
India. In sugar manufacture there are two distinct types of technology: (1)
the vacuum pan sulphitation technique (VP), which is intrinsically large-
scale and capital-intensive, with a tendency for technical change to lead to
increasing scale and capital-intensity over time; and (2) the cpen-pan
sulphitation technique (OP), which is much smaller in scale. The VP
technology ranges in capacity from 1,000 to 7,000 tons of cane crushing
capacity per day, with optimal plant size in the 1970s of around 5,000 t.cd,,
the OP techniques are designed for 100 or 200 tc.d. The OP technique
is far more labour-using than the VP—the capital/labour rati, of the VP
plants range from four to 20 times the K/L ratio of the OP plants. In
Kenya the VP technology involved greater dependence on foreign supplies
(the machinery was all imported) and foreign management. in contrast, the
OP plants were owned and managed by small local firms and the machinery
was manufactured locally. This difference did not apply in India where both
types of machinery were manufactured in the courury and managed by
local companies. But the OP machinery was produced in dispersed workshops
in India, while production of VP machinery was concentrated in a few
sites.

Because of the sinall-scale and decentralised location of OP technology,
it is far better suited to processing the small quantities of sugar cane
produced by small faners. The large farmers find the large processing
capacity of the VP technology more convenient.

In the past there has been considerable debate about the reiative efficiency
of OP and VP techniques because of the lower recovery rate of the OP
technology of crystal sugar from a given quantity of sugar cane. In addition,
the product produced by the OP technology is often regarded as inferior,
being less even and of a variable colour. In India, this has led to a price
discount; in Kenya there is no such discount as the product of the VP
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technology is also of rather uncertain quality. As a result of innovations
onducted in India, the OP’s efficiency was significantly increased and is
now competitive with the VP technology in many circumstances,

It is evident that the OP technology represents the appropriate technology
in most conditions of capital-scarcity and underemployment. However, in
Kenya only 1.7 percent of output is processed by OP techniques. In India,
30 percent of output is OP-processed.

Kaplinsky identifies 3 number of policies that have led to this situation.
The price of sugar is an important influence since the higher the price,
the greater the cost of a lower recovery rate. In India, there is no single
price but a complex pricing system whose effect on choice of technology
varies according to the precise situation, while the overall effect—because

the VP technology. Here the motivaiion is more coraplex. One reason is
that the VP technology involves large-scale formal sector projects which
are generally preferred by the aid donors since they permit rapid flow of
funds and may be subject to the rormal cortrol procedures, (A similar
story was told for irrigation projects in Bangla-iesh.)

Government price and subsidy policies havz -e»n a major factor in Kenya.
The VP mills are not required to write off ti..ir heavy depreciation; costs
so that capital is effectively subsidised; the OP mills (which have tauch lesy
heavy capital costs) are required to write them off

The study identified significant policy influences over choize of technology

by the OP. As noted, cheap and abundant capital supplies, resulting from
policies of aid-donors and government, helped the /P technology in Kenya
(the resource classification). The variabls quality of sugar from the OP made
markets an important influence; low income consumers bought cheaper and
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Analysis of the political economy behind the relevant policies reveals a
situation which is familiar from the previous studies. In Kenya, the gainers
from the VP technology were foreign machinery suppliers and foreign firms
supplying management services, large farmers (many of whom were absentee
landlords with positions i the government), and the aid community. The
gainers from the OP technology were small farmers, the unemployed and
underemployed in the rural areas, and small local firms producing the OP
techniques. In Kenya, the latter group are politically weak while aid finance
has been dominant—hence the small use of the OP technolo_y. In India,
the distribution of irterests was a little different sinice the VP technology
was produced and managed by local firms and the aid community played
only a marginal role. In addition, small farmers and sruall machinery producers
form a larger and more powerful group. This difference in the way various
interests are affected and in their political power may explain why the OP
technology is much more prevalent in India.

Parastatals in Kenya and Tanzania

Some of the earlier chapters touched on the role of parastatals and aid
agencies in relation to the choice of technique. The parastatals are a central
topic of James' analysis in chapter seven, but his chapter also contains
material on the role of aid agencies. Parastatals account for a large proportion
of investment in many developing countries, often half or more. In theory,
it might be expected that this large amount of public sector investment
would permit governments to realise their objectives more efficiently. And,
since in most cases the objectives include increasing employment, promoting
equity and regional balance and supporting small-scale activities, it would
seem that parastatals should be a powerful instrument for the promotion
of appropriate technology. Yet the few references to choice ~" 2chnology
and the role of the parastatals made in the earlier chapters suggest that
this is not the case. James—looking at the apparently differcnt envircnments
in capitalist Kenva and socialist Tanzania—provides strong and systematic
evidence that parastatals in these countries have tended to select inappropriate
technologies. Many examples from both countries show parastatals selecting
large-scale capital-intensive technologies and producing high quality Western-
style products even where there is an obvious alternative:

“Despite the rhetoric, Tanzania’s industrialisation programme has, in general,
promoted the establishment of enterprises using large-scale capital-intensive,
often technically and almost invariably econcmically inefficient tech-
niques.”  (Perkins on parastatals in Tanzania)

“The parastatal client firms tend to be large, capital-intensive, import-intensive
and almost entirely directed towards a protected overpriced local mar-
ket”  (Hopcraft and Oguttu on Kenya)

Ignorance of technological alternatives cannot be more than a minor
cause of the inappropriate choices since James quotes several examples
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where the choice was explicitly questioned and alternatives suggested but
the initial inappropriate choice nonetheless prevailed.

In searching for causes James poinied tc the overriding objective of
bureaucrats within parastatals and goverm:.er¢ departments to maximise
output in a short period as being a central factor. Maximisation of the rate
of increase of output required maximising the number of new projects

would meet international product standards, either because exports were
intended, or because consumers were believed to demand these standards,
A second reason was that small-scale activities would require far more

OP sugar mill in Tanzania in favour of a VP mill; the OP technology would
have involved 200 plants compared with five for the VP,

James’ analysis leads to a number of policy conclusions, First, he suggests
changing the balance of investment away from the large-scale parastatal

units. Second, he identifies ways ~€ improving the decisions made by the
parastatals. These include redu - emphasis at all levels on maximising
output increases, reducing the ..., smy of the parastatals, and restoring
the links between efficiency and profitability. In the Tanzanian case this
would require a reform in the sysiem of price controls which, by operating

and technology.

The study of ti;: parastatals gives greatest emphasis to objectives and to
product standards in analysis of the policies which led to inappropriate
choices. Resource access was critical because of the link between financial
source and technology source, while price and subsidy policies of the
governments permitted parastatals to make inefficient choices without af-
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fecting their viability. Unlike the previous studies, James’ analysis did not
conclude that R & D on appropriate techniques was an important policy
requirement. This is because James found that parastatals made inefficient
choices from within the existing technological alternatives, rejecting more
efficient appropriate techniques. Consequently, the problem was one of the
choice mechanism, not the efficiency of appropriate techniques. R & D
would not therefore be likely to affect the outcome.

The political economy of the required policy ckanges was fourd to be
similar to that in previous studies. The gainers from more appropriate
decisions would be the unempioyed, underemployed, and small entrepreneurs;
the losers include bureaucrats, bilateral aid donors and foreign machinery
producers.

Technical Change in Industrial Firms
in Latin America
Chapter eight reviews the lessons learned from the numerous studies of
industrial technical change undertaken in a major IDB/ECLA project. Philip
Maxwell surveys the studies from the perspective of AT. As Maxwell points
out, the IDB/ECLA studies were not undertaken with the intention of
examining the appropriatencss of the technical change. Consequently the
lessons learned are somewhat incidental to the main findings of the project.

One of the major findings of the studies was the importance of in-house
technical capability. The studies established that firm capacity to initiate
technical change was far more widespread than previously believed; moreover,
they also showed that some such effort was vital to fit imported technologies
into the local environment. They found that in many cases local technical
change contributed to a sizeable expansion in output and substantial pro-
ductivity improvement. The precise pattern of learning and technical change
varied widely according to the capability of the firm and the circumstances
it faced.

Investigation into how appropriate this sizeable (and previously under-
estimated) effort was gave a conflicting picture. On the one hand, in the
examples examined the changes tended to raise rather than lower the
K/L ratio (chiefly as a result of being more effective in raising labour
productivity than capital productivity, not through developing new capital-
using and labour-saving techniques); secondly, many of the innovations
increased the scale of the enterprise, further away from the small-scale AT
ideal. On the other hand, the efforts resulted in a greater use of local
materials and locally available fuels and, from this perspective, they con-
tributed to more appropriate technologies. Maxwell does not investigate
product specification and product changes, but here there also have been
conflicting examples in the literature. On the one hand, in some cases
adaptions have been undertaken which make the products suit the local
environment better (for example, more rugged cars and buses)—that is,
appropriate changes. On the other, some of the quality upgrading has been
inappropriate, upgrading products to whar may be excessive standards.
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The direction of technical change achieved by these efforts depends on
the general economic environment as well as the specific opportunities and
constraints of the particular firm. The IDB/ECLA studies covered Latin
American economies in the 1970s when the macro-economic environment—
in terms of factor prices, credit availability, income distribution, and trading
strategy—tended to support a rather capital-intensive choice ~f technique
and the production of rather sophisticated products for elite markets. It is
therefore of interest to contrast these findings with an earlier study of
Taiwan and South Korea (see Ranis, 1973).

Ranis found, in contrast to the findings of the IDB/EC" A studies, a
number of appropriate adaptions of imported techniques by local firms,
which reduced the capital/labour ratio, in response to the pressures of the
environment. The macro-economic environment in Taiwan and South Korea

An the 1960s was very different from that of Latin American economies of
the 1970s. Factor markets were more unified and factor prices facing the
modern sector more closely reflected factor availability; income distribution
was much more equal and the elite market was therefore less important
while the mass market was more important; and the trading environment
was much more open, with greater emphasis on exporting manufactured

III. LESSONS FROM THE STUDIES
The policy findings of the empirical studies generally support the classification

considerable empirical light on this difficult aren, This section starts by
reviewing the initial classification in the light of the findings. The section
concludes with a review of the findings on the political economy of AT,

Clasiification

Objectives

Of the many actors involved in investment and technology decisions the
studies provided most careful analysis of and evidence on the objectives of
decision-makers in parastatals. Also some evidence was gathered on decision-
making within governments and by aid-donors. For each of these categories,
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Parastatuls. The bureaucratic objectives of decision-makers within para-
statals have been shown to be an important element which, combined with
heavy dependence on foreign finance, has led, systematically, to inappropriate
technology choices. This emerged not only from James, who produced
much supporting evidence for the conclusion, but also from more indirect
evidence in other studies (Biggs, Ranis and Stewart). Since parastatals account
for a large proportion of investment, choice ¢f technique within parastatals
is of major significance, in many countries, for technology choice in the
country as a whole. An important area of policy for AT is to change the
operations of parastatals to secure more appropriate technology decisions.
Policies would include:

1. Changing the economic environment in which parastatals operate so
that they have to be more efficient in order to generate surpluses.
Such a change might include increasing competition within the
industries in which parastatals operate by increasing domestic com-
petition and/or international competition; reducing price controls and/
or changing their form; and reducing the role of quotas and licenses
in allocating resources. These moves would all strengthen the rela-
tionship between efficient (which means more appropriate) decisions
and profitability. Such a change in the environment would also be
needed to improve the technology decisions of the private sector.

2. Reducing the special financial privileges of parastatals (and others) so
that their viability in the medium term depends on their ability to
generate surpluses. (This should not rule out loss-making accivities
which have explicit social purpose, but prevent the many other loss-
making areas which have no such justification.) Open ended subsidies
and capital write-offs are examples of policies which have permitted
parastatals to take inefficient and inappropriate technology decisions.

3. Improving procedures for investment appraisal and investment decisions
within parastatals. James’' study reveals haphazard procedures with
more-or-less any project getting the go-ahead so long as external
finance was available, and with no systematic technology search and
no appropriate technology considerations incorporated into the
decision-making apparatus. The net result was a costly and arbitrarily
selected set of projects, using inappropriate technologies and operating
with low capacity utilisation. A systematic appraisal procedure should
include a technology search with an explicit AT element, AT con-
siderations in the appraisal, and a search for and appraisal of financial
sources. Availability of foreign finance would be one consideration,
but only when it is properly costed (the idea that foreign finance is
costless is nonsense). Proper technology search and investment appraisal
procedures would significantly reduce the influznce of foreign finance
on technology decisions.

4. Reducing the influence of Western financial sources on technology
decisions. This would be achieved in part by the procedures just
discussed. In addition, governments should seek more sectoral and
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programine finance and less project-finance; they should search for
alternative sources of finance which might involve more appropriate
technologies—that is, more devcloping country sources,

Foreign aid donoss. Foreigo aid donors were not included as major
decision-makers in the initial classification. But the studies make it clear

in irrigation in Bangladesh, in many choices made in Kenyan and Tanzanian
parastaals, and in rice processing and agricultural mechanisation in the
Philippines.

technologies. There were a few exceptions to this—USAID, for example,
supported one of the MOST] proj:-+s. But the net effects of bilateral project
aid, according to these studies, was to support inappropriate technology.

opment Bank was largely responsible—again in collaboration with the
government—for the large-scale integrated rice cornplexes which reduced
opportunities for village rice milis. In Tanzania, the World Bank supported
a VP sugar project, generating a fraction of the employment of the OP
alternatives,
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efficiency and social desirability often com= sccond. It is always easier to
meet financial flow targets with a few big projects than with a multitude
~. small vnes. Moreover, many small project managers may not be able to
fulfill the mandatory auditing requircments. When, as with much bilateral
aid, these objectives are combined with the objective of tying the aid, the
forces favouring inappropriate teclinology become o erwhelming. Multilateral
aid donors normallv finance orly the foreign exchange component of the
capital cost of a project which automatically imparts a bias in favour of
projects with heavy capital costs and a high foreign exchange component
of the capital costs.

. One important area for AT policy is to =hange motivations and procedures
of Lilateral and multilateral aid agencies towards promotion of AT. This
would involve:

. switching from project aid to general or sectoral aid;

. giving priority to aid for smcll-scale projects;

. to avoid heavy administrative costs associated with small-scale projects,
rajor aid agencies could use interm-diary national irstitutions which
could help finance and supervise small-sca’e projects. Consequently,
an effort is needed to build up suitable national institutional capaciticr;

4. incorporating AT into project aid explicitly, so that the search for
efficient AT methods becomes un explicit element in project aid;

. using LDC consultancy firms;

. eliminating aid-tying;

elimninati .g the capital cost only, foreign exchange element only, aspects

of aid financing; and

. changing auditing and puperwork requirements to ease the probleins
of very small firms.
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Tt is evid:nt that for both categories just discussed—parastatals and aid-
dot sis—-decisions were taken in interaction with the government concerned.
In the case of the parastatals, the government de'ermined the output-
maxim.sation objective which was ultimately responsible for many of the
inappropriate decisions. In the case of the aid community, all the big
inappropriate decisions were taken in collaboration, or after discussion, with
the government. Governments have tndoubtedly favoured inappropriate
cechnology not oniy in the cases iust cited but also in the determination
of many of the macro-policies discussed throughout this beok. The reason
for this lies largely in pclitical economy, to be discussed later. But in
addition, the government itself is subject to similar bureaucratic influences
that apply to the parastarals and the a.d institutions. These bureaucratic
influences ratural'y support decisions tavouring projects thrt can be executed
quickly, and lead vo maximum plan fulfillnent. Governments also have
administrative procedures, like he aid institutions, and these procedures
are most rzadily followed by managers of large projects, especially those
involving foreign management, who are more accustomed to dealing efficiently
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and speedily with many of the administrative requicements. Thus extending
the analysis of the biases imparted by “bureaucratic man” to government
helps to explain the systematic support many governments have given to
inappropriate technology.

Resources

The studies strongly endorse the view that price and availability of resources
to different micro-units affected the choice of technique within each unit
and also the distribution of investment as between different types of units.
Many instances were identified of government policies towards prices—
especially tax and subsidy policies—which favoured inappropriate decisions.
One example was the depreciation write-off permitted to VP technologies
in Kenya: another was the subsidisation of mechanisation in Philippine
agriculture; and a third was the tax on materials in the MOSTIs in Bangladesh.
Credit institutions were found to favour larger borrowers.

Evaluation of the USAID MOSTI project in Bangladesh found that
“credit sales had been very disappointing, explaining this was due to red
tape and the reluctance of the banks to handle smali credit applications.”
Although the MOSTI projects were designed to help very small farmers,
the average land holding of those affected was quite large. Informal sector
activities were by definition excluded from securing loans from formal sector
credit institutions. Any credit they received came from informal sources at
high interest rates.

There was clear evidence that family labour was regarded as having a
lower cost than the wage for hiring labour. This was the case, for example,
in irrigation in Bangladesh and in harvesting and rice threshing in the
Philippines. This difference meant that family farms found more labour-
intensive techniques to be efficient, as compared with commercial farms
which adopted more mechanised methods.

Policies towards tariffs and exchange rates ulso affected choice of technique.
For example, in the Philippines the protection and overvalued exchange
rates led to relatively low prices for imported tractors, encouraging mech-
anisation. In Taiwan, the successful export expansion of highly labour-
intensive crops—which in turn led to high rural linkages—was in part due
to the exchange rate regime which favoured exports,

One finding of the studies was that government interventions on prices
may affect choice of technique even where this is not the obvious or
intended effect of the interventions. One example was the price control
system in Tanzania; another was the sugar price regulations in Kenya and
India. In all the cases of this scrt which were discussed, the effects tended
to ke towards support of inappropriate choices.

Markeis and Products

A near universal finding of the studies was the dominating influence of
product quality on choice of technique. This was true of parastatal’s choices
in Kenya and Tanzanix; in rice-processing in the Philippines; in sugar
processing in Tanzania and India. In each case more capital-intensive
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techniques produced “higher” quality products, where quality is defined by
uniformity of quality and acceptability in international markets. The fact
that a technology produced higher quality was universally regarded as a
decisive argument in its favour, irrespective of the cost or whether there
was sufficient need to produce the higher quality. Since so many sins are
committed against appropriate technology in the name of product quality,
it is important to analyse clearly the considerations involved.

It is helpful to do so by taking three different situations:

1. where the product is intended for the domestic market (an import
substitution (IS) product);

2. where the product is ultimately intended for export, but where there
are no or few actual exports and the product is wholly (or largely)
consumed domestically;

3. where the product is largely exported.

In the case of an IS product, considerations of product quality are a
matter of the domestic costs and benefits of different qualities of product.
Other things being equal, a “higher” quality product would be preferable
where there is an unambiguous ranking of what it means for a product to
be “better” or “worse.” (This is by no means always the case; some products
may have mote nutrients but be less uniform or less well packaged, for
example.) However, other things are not equal since the higher quality has
the undoubted cost, normally, of involving a less appropriate technology.
For example, in the Philippines the big rice processing plant produced a
high quality rice in terms of uniform size of grain and few broken grains
(although nutritional content was the same), but at the cost of tremendous
loss of employment and income-earning opportunities throughout the rural
areas. In many of the cases examined the “higher” quality meant that some
richer urban consumers had “better” products, but poorer people had lower
incomes and lower consumption.

Adopting high quality products of the same standard as those designed
for advanced country consumers generally involves inappropriate standards
for much lower income consumers. This means that 2 small proportion of
consumers may enjoy the standards prevalent in the West, while the majority
are deprived. For this reason, an important aspect of appropriate technology
is appropriate products, which are products with characteristics suitable for
low-income consumers. The need to produce and consume appropriate
products represents the consumption side of appropriate technology.

For products intended for domestic consumption there are therefore two
reasons for rejecting the argument of “product quality” as an automatic
and decisive factor ieading to choice of capital-intensive techniques. First,
the products may be considered superior in advanced countries but may
be inappropriate in poorer countries. Secondly, even if they are considered
superior in the developing country context, the costs of employment and
output foregone must also be weighed.
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An inte
is cited in James’ study. In Tanzania a Project was planned to replace the
detergent OMO, previously imported from Kenya, with a locally produced
product. It was decided to replace it by an identical powder, produced with
the inappropriate technology (supplied by the same firm as had previously
provided the Kenyan technology), because consumers were accustomed to
the product. No search was made for more appropriate products using more

a country which is, relatively speaking, rather egalitarian, does not have
great respect for multinationa] companies or Western consumer values, and
is heavily interventionist in many aress,

of products. Poorer consumers buy different types of products and also,
within each category, tend to consume more appropriate products, normally
produced with more appropriate technology (for exarple, less packaged
items, less regular quality, as in the case of OP sugar in India where the

of more appropriate products, in turn providing further support for the
AT strategy. Governments may also intervene more directly to influenca
consuraption patterns,

appropriate local products. For the 1108t part, there are few restrictions on
advertising in developing countries; advertisements for products with strongly
(and well known) negative effects (for example, cigarettes, baby milk) are
often permitted without restriction, Secondly, governments can provide
information services to identify, assess, and inform about alternative products,
Thirdly, governments may develop and adapt regulations about product
quality. (See James and Stewart for more discussion of products policies.)

It is sometimes suggested that for governments to have active products
policies—as advocated here as an intrinsic part of AT policies—involves a

ensure their health but reduces the ability of some to advertise would not
constitute a severe infringement of liberty. Secondly, consumers’ freedom
in developing countries is limited by their ignorance about alternative
products, while thei: tastes are manipulated by vhe partial information from
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advertising. Thirdly, consumers’ freedom is already limited by myriad gov-
ernment regulations; if these regulations were reformed to promote appro-
priate rather than inappropriate standards this would not involve a loss in
consumer freedom.

The second type of situation is where the possibility of exporting the
product is used to justify more capital-intencive methods to produce products
of an international standard. In the studies this occurred, for example, in
rice-processing in the Philippines and in a shoe factory in Tanzania. In
neither of these cases did any substantial quantity of exports result, but
the export possibility was still taken as a decisive argument in favour of
inappropriate technology. This is clearly not justified. The extent and benefits
from exporting must be clearly assessed and weighed against the cost of
adopting inappropriate technology.

The third situation where product quality is used to justify inappropriate
technology choices is where the product actually is exported, and consequently
international standards of product quality are required. Even here the
argument is not cut and dried for two reasons. First, as in the previous
cases, there must be some assessment of the benefits and costs. Secondly,
there is no unique phenomenon “international standards.” The world market
represents a vast array of different markets with different consumption
patterus and product requirerents. Products may be suitable for some parts
of the international market but not for others. Developing countries need
not pursue the “highest” standard markets but can sell to the low-income
end of the market, either in developed countries in other developing
countries. A clear example of the possibilities is provided by the cise of
pineapple canning in the Philippines and Taiwan. Both countries exported
a large quantity of canned pineapples. In the Philippines, the multinational
companies used large-scale capital-intensive technology and produced a high
quality product which they exported to high-income markets. In Taiwan,
local companies adopted more labour-intensive methods, producing lower
quality (more broken and uneven) canned pineapples. These were exported
successfully to lower income consumers in advanced countries. The case
illustrates that there is no unique “international standard” which justifies
particular product standards and technology choices.

The studies have shown that the question of product quality is often
critical in technological choice, usually supporting inappropriate choices.
This is normally not justified. An essential aspect of macro-policies for AT
is to adopt appropriate products policies not only for domestic consumption
but also exports. As far as exports are concerned, countries which have
chosen “high” standards to facilitate exports of particular goods have also
often adopted exchange rate regimes v/hich inhibit labour-intensive exports.
The example of Taiwan showed that changing the trade/exchange rate
regime to support such labour-intensive exports leads to further growth of
exports and more labour-intensive techniques than adopting trade regimes
which tend to constrain manufactured exports, and compensating for this
by promoting product “quality” through the adoption of capital-intensive
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techniques. South-South markets offer considerable potential for trade in
appropriate products. Policies to promote such trade—e.g. by mutual pref-
erences, mutual trade liberalisation, monetary arrangements, cr counter-
trade—form part of the array of AT policies.

The studies strongly support the view that appropriate products are an
essenitial aspect of appropriate technology both because the production of
inappropriate products generally requires insppropriate technology, and

ause meeting the basic needs of poor people requires the production
of appropriate gocds to meet their consumption needs and to provide
appropriate productive equipment. The appropriate products aspect of
appropriate technology has generally been given inadequate attention by
supporters of appropriate technology.

Technology

While several of the studies identified particular techniques with appropriate
characteristics, it was clear there was considerable potential for improving
their efficiency—and therefore their ability to compete effectively with
inappropriate techniques—and that in some areas few appropriate techniques
existed, owing to the neglect in research and development programmes.

The thrust of advanced country technological change is towards improved
efficiency of technologies which have increasingly inappropriate ch 'racter-
istics. A typical example is the VP sugar technology whose efficient minimum
scale has risen from a crushing capacity of 1,000 tons a day to about 7,000
tons, while the capital/labour ratio has also increased. Since world research
and development is concentrated in the advanced countries, the major
direction of technical change is in an inappropriate direction. And, since
the resulting technical change usually increases the efficiency of the tech-
nology, as well as changing its characteristics, it makes it increasingly difficult
for appropriate technologies to remain competitive. Moreover, a good deal
of R& D in developing countries is of a similar kind to developed country
R & D, focussing on large-scale and capital-intensive technologies. Rudra
argues that much of Indian R & D in agriculture has focussed on inappropriate
technological change. As Maxwell’s study shows, much technical change
emerges from rather informal in-house firm activity; in the context of Latin
America this change has also been, on balar:ce, in an inappropriate direction,
generally increasing scale and capital/labour ratios, though making greater
use of local materials.

There are examples of innovations improving the efficiency of or de-
veloping new appropriate technologies. The work in improving the efficiency
of OP sugar technology has made this technology competitive with the VP
technology in many circumstances, whereas previously it had been regarded
as an inferior technology (see Forsyth). The use of the MOSTI wells—and
more recently the bamboo version of the wells—are other examples of
appropriate innovations. Biggs and Griffith argue that there is considerable
potential for further improvements in efficiency, since so far little serious
work has been done in this area. New developments in small rice mills
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(combining a rubber roller with a steel huller) have permitted these inex-
pensive and small-scale mills to produce a much higher quality of rice, and
consequently to become competitive with the more expensive cono-type
mills. This innovation was the result of work by IRRI. As chapter four
shows, the small-scale thresher developed by IRRI reduced employment
and labour’s share of output in the Philippines, even though it increased
grain output. However, this was in comparison with manual methods. It
was much more appropriate than large-scale mechanized threshers. In
Thailand, where labour surplus was much less, the small-scale thresher was
appropriate.

These examples point to the potential for improving the productivity of
AT's so that the dynamic efficiency of appropriate technology may be secured.
Without such changes, inappropriate techniques will inevitably displace
those with appropriate characteristics because of the inexorable progress in
their efficiency that emanates from the systematic application of R & D
in. advanced countries to these technologies. While there have been some
cases of improvements in ATs following R & D, these represent only a
minority of cases, even within the innovations of the R & D institutions
it developing countries. According to Rudra, thers is tremendous potential
for improving the productivity of traditional methods in Indian agriculture;
this potential has not been realised partly because of deficient R & D, but
more importantly in this case because of inadequate dissemination and
promotion of the results. The study of technical change in Latin America
indicated that no efforts had been made to channel innovations towards
appropriate technology.

Deficiency in quantity and quality of R & D and in the dissemination
of resources devoted to appropriate technology is a major problem for the
continued viability of AT, and should be a priority area for policy.

Appropriate technologies are by their nature normally small-scale, and
often adopted in the informal sector. Consequently, it is extremely unlikely—
in contrast to activities in large firms—that the firms (or families) using the
ATs will have either resources or incentives enough to generate new or
improved technologies in any systematic way. Outside intervention is therefore
essential—either to finance institutions which generate technical change in
AT, or to finance individual users of technologies to initiate appropriate
technical change.

There is a need to promote a network of institutions—nationally and
internationally—for the development and dissemination of appropriate tech-
nology (see Bhalla (ed.)). Foreign aid agencies could play a role in selecting
a priority area (for example, food processing) for developing and disseminating
technology. However, the IRRI case study shows that care is needed to
ensure that the technologies that emerge are appropriate in all dimensions.

In two areas, there is a need to extend the range of policies beyond those
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in the initial classification. These were in the use of standards and in rural
linkages,

* Standards: This has emerged as a powerful instrument for achieving
improvements in technology, as shown in a study by Kiyokawa and Ishikawa,
But it is necessary to incorporate appropriateness into the development of
standards before this can be an effective tool of AT. This is an area in
which detailed work at an industry level is required.

* Rural linkages: Chapter five showed these to be an extremely powerful
way of promoting AT. This mezns that agricultural growth as such tends
to generate AT, especially if accompanied by policies (described in that
chapter) to strengthen these linkages.

Composition of Units

The discussion above has summarised ways in which the studies have
illuminated the categorisation of policies contained in the initial classification.
In addition, the studies strongly support the view that choice of technology
varies systematically according to type of decision-maker so that changing
the composition of units is a very important aspect of policies to promote
AT. Table 9.1 summarises the findings with respect to cach type of decision-
making unit. It represents a somewhat over-simplified view, especially as it
does not incorporate differences in particular contexts, due to differences
in the policy environment. In general, the more the whole policy package
supports AT, the less the difference in choices between types of units,
Nonetheless, as can be seen from the table, the various units are subject
to rather systematic pressures, from each aspect of the classification—
objectives, resources, markets and technology—which make for consistent
differences in choice of product and choice of technique between types of
micro-units. At one extreme, parastatals and multinational companies both
most effectively fulfill their objectives, given markets and resource constraints,
by producing high-quality, sophisticated products using capital-intensive and
large-scale techniques. At the other extreme, family farms and informal
sector firms produce simple products for local consumption and use labour
intensive and small-scale techniques.

The studies gave numerous examples of these differences; for example,
OP sugar technology was adopted by small firms while parastatals and
multinationals adopted the VP technology. Small farms used the IRR] small
tools, while large farms bought tractors and used large mechanised threshers.
Local companies in Taiwan used more labour-intensive and small-scale
processing than the multinationals in the Philippines. There were many
other examples of such differences, as would be expected by the differences
summarised in table 9.1. It follows that changing the composition of units
would have a major effect on choice of technology in the economy as a
whole. If more investments were undertaken by small local companies, the
informal sector, and small and family farmers, then both product choice
and choice of technique would be markedly more appropriate than if
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investment decisions were dominated by multinational companies, parastatals,
large local companies and large farmers.
Policies which would change the composition of units include:

1. more unified credit markets with higher interest rates for large borrowers
and lower ones for the small-scale sector;

2. reformed credit market procedures so that they discriminate less (for

example, in collateral requirements) against the small-scale;

. land reform to inrrease the proportion of land owned by small farmers;

. incomc redistribution reducing the size of the elite market and increasing

the size of low-income markets. An effective AT strategy would
automatically achieve this by spreading employment and income earning
opportunities and therefore purchasing power and markets;

5. a variety of administrative interventions favouring small-scale and
limiting large-scale investments. In many countries, a substantial change
would be effected by stopping the special discrimination in favour of
large firms;

6. provision of infrastructure, technical assistance, etc. for the small-scale
sector.

5

These policies, which change the composition of units towards more
appropriate decisions, need to be accompanied by policies designed tu
improve the productivity of the small-scale sector.

Political Economy

This book has identified a large number of policy changes which would
promote appropriate technology. The studies alsu estsblished that in many
countries which explicitly support the objectives of an appropriate technology
strategy, such as the spread of productive employment and the elimination
of poverty, the policies pursued by government have been broadly inap-
propriate for these objectives, supporting inappropriate technological choice.
This was shown, for example, in the studies of technology choice in Indian
agriculture and parastatals in Tanzania respectively. To some extent this
apparent contradiction between objectives and policies may be due to
ignorance about effective policies to secure the desired goals. A major
purpose of this book has beer. to elucidate these policies. But many of the
policies identified are famiiiar to those who have studied the connections
between policies and technology choice. It appears, therefore, that to a
considerable extent, the adoption of an inappropriate set of policies is the
consequence of the political economy of the required policy changes. Many
of the policies necessary to promote AT would strongly conflict with the
interests of dominant groups. This situation was elucidated by an analysis
of the political economy of policy change in a number of the studies.
All the analyses of the political economy of policy changes in the book
came to remarkably similar conclusions, despite the aifferences in countries
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and sectors covered by the various authors. The gainers from AT policies
were invariably the unemployed and undereriployed and small local firms;
the potential losers were bureaucrats, large-scale domestic producers, large
farmers and foreign technology, management and machinery suppliers from
the advanced countries. Aid institutions, which might have been expected
to be neutral (or pro-AT), were ir. fact, for the most part, vehicles for
inappropriate technology transfer, and presumably, therefore, would be losers
by pro-AT policies. The balance of political power in the countries studied
strongly favours those who would lose by AT policies. Hence the decision-

political reality, and partly from the fact that bureaucrats’ own objectives
are usually best met by inappropriate choices.
This analysis of the political economy of policy formation derives from

(Tanzania and India). Nonetheless, Taiwan managed to escape the inexorable
pressures and to adopt a set of policies broadly supportive of appropriate
technology. Relevant factors explaining this are briefly discussed in chapter
five. They include the displacement of local elites in decision-making by
people from the mainland in 1949 and an early effective land reform which,
together with the development of a dynamic small scale industry, established

power—in particular a switch in power from the existing dominant interests
who gain by inappropriate technologies to the groups who would gain by
AT. But this does not mean that no policy change can occur without such
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Second, some of the policies identified as promoting AT are much more
likely to meet overriding political opposition than others. The earlier analysis
suggests that policies to promote appropriate R & D and dissemination,
to support agriculture, to improve rural infrastructure and o develop
appropriate standards would be cf the type to give positive support for AT
without being directly and overtly negative to inappropriate technology.
From the perspective of identifying policies likely to be adopted, the aim
should be to find non-confrontational policies.

Third, the political process is a cumulative one; zs small farms and the
small-scale industrial sector develop in economic strength, they also acquire
political strength. A cumulative process may then be set in motion which,
from small beginnings, results in a political economy favouring AT.

IV. CONCLUSION

The studies in this volume have strongly supported the view that government
policies are critical to the success or failure of appropriate technology. They
are of far greater importance for AT than the specific micro-interventions
which have been the main vehicle of those who support appropriate
technology. The studies have identified a large range of policies which would
promote AT. They have also shown that in many cases government policies
have promoted inappropriate technologies. Analysis of the politics of the
required policy changes has shown that the majer problem in securing the
desired policy changes lies in political economy; this is the overriding
obstacle to the promotion of appropriate technology in many countries.

NOTES

I am grateful to Ted Owens and participants at the Washington, DC, seminar,
January 1986, for comments on a previous draft.
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TABLE 9.1

COMPOSTTION OF UNITS AND CHOICE_OF TECHNOLOGY

TYPE OF DECISION- CHOICE OF

MAKER OBJECTIVES RESOURCES MARKETS TECHNOLOGY PROOUCT TECHNIQUE

Ivoustey

AID DONORS Maxirise flow of Cheap capitat Advanced countries
funds: use of
foreign technology

GOVT/PARASTATALS Bureaucratic - Cheap capital if Local elite Advanced countries - Sophisticated/ K-intensive
output/project foreign financed source of finance inappropriate large scate
maximising

MULTINATIONAL CO. Maximise inter- Parent Co. " -

LARGE SCALE Co.

SHALL LOCAL €O. (FORMAL)

INFORMAL CO. &
FAMILIES

AGRICULTURE

LARGE FARMERS

MEDIUM/SMALL

FAMILY

national profits
satisficers

Profit maximisers

Profit maximisers

Maximise family
income and
empl oyment

Maximise profits

Maximise profits

Kaximise family
income

Cheap capital

Cheapish capital

Limited access
to cheap capital;
tabour cheap

Expensive capital
& limited; very
cheap labour

Cheap credit:
subsidised
tractors

More expensive
credit - Llimited

Little credit,
expensive. Very
cheap labour

International &
local elite

Kainty local elite
tocal elite &

middle income

Local low income

Urban & inter-
national

Urban & rurst

Kainly rural

Normally advanced

Foreign in-house

Variety of sources

Primitive; AT
support institutions

Goverrmernt &
foreign companies
ond aid {nstitutions

Same but more
limited

Primitive

Mainly tnappropriate .

More sppropriate More labour
intensive

Appropriate Very labour
intensive 2 small

Cash Crops Mechanized large
tractors

Mainly cash Saall scale

crops machines

Mainly locally
consumed foods

Hainly tocal and
primitive tools
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