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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 tohave 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 orderin toidentify 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 fo17 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 wereundertaken using the framework presented in Chapter One in order to 
assess and illuminate the categorisation used them-e and the policies identified.
Six of the studies cover technology choice in the rural areas, while two
relate more to the modem 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 subsequentworkshop held in Washington, DC, in January 1986 and sponsored by ATI
and the Overseas Development Council. The project has been financed byATI. I am very grateful for their continued support. I would especially liketo thank Ted Owens, Ton de Wilde and Judith Polsky at ATI. Ted Owensin particular was responsible for initiating the work and has been enormously 

*Examples taken from Appropriate Technology as a Strategy for Development, Annual Report
of Appropriate Technology International, 1984. 
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helpful throughout My experience with ATI has shown that large(lsh)organlsations can support small projects, with a minimum of bureaucraticrequirements, and in friendship. I would also like to thank Mrs. Abha
Ghanl for editorial assistance. 

Frances Stewart 
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Macro-Policies for Appropriate Technology:

An Introductory Classification
 

FrancesStewart 

I. INTRODUCTION 
In every case, actual decisions about technology take place at the microlevel. 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 thelight of their own objectives and resources.' But while each decision takesplace 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 technology decisions only by influencing the external environment. Directinterventions account for only a small proportion of all technology decisions,
especially in a mixed economy. Hence a government's greatest potential
influence on technology decisions takes the form of influencing a decisionmaking 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 InternationalWorkshop on macro-policies f&r appropriate technology, which took place at the Institute ofSocial Studies, The Hague, in March 1982. In preparing this version, I benefited greatly fromthe discussions at the workshop. The paper appeared as an A.T. Int-rnational working paper,1983; a shortened version was published in the International Labou, t .view, No. 122, June 
1983. 

The full version appears in J. James and S. Watanabe (eds), Technoloq Institutions and
Government Policies, London: Macmillan, 1985. 
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This paper looks at the government policies that affect the environmentin which micro-decision.making takes place, with a view to classifying andidentifying the set of policies likely to promote appropriate technology.These policies are described as "macro"-policiesnature, as to emphasize their generaldistinct from direct and particular interventions at the microlevel. 

II. DEFINITIONS
It is easy to spend too much time on definitions. Nonetheless, it is necessaryto be as clear as possible about the two main concepts under discussionmacro-policies and appropriate technology.
Macro-policies: As used here, macro-policies 
 cover general governmentpolicies which influence the environment where micro-decision-making unitsoperate. Micro-decision.making unitsmicro-economic are normally described as firms in 

making 
textbooks. In this chapter the clumsy term micro-decision.units is preferred because the units do notconventional private consist solely ofsector firms, with owners, employers, and employees,but also include public sector firms, cooperatives and family and householdorganizations. For brevity the words "units" and "firms" will also be usedto encompass this spectrum of micro-decision-making units. The macropolicies go beyond the normal macro-policies of economic textbooks, whichare largely confined to policies

the money 
towards major economic aggrega,tes, such assupply, interest rates, public expenditure levels, budget deficits,and so on. While these policies are oneconsidered here, subset of the macro-policieswe also include many others-suchtechnology supply, market as policies towardsaccess anddescribe this great variety of policies to 

so on. Macro-policies are used toindicate that they applywhole to thespectrum of micro-decision.making,
ventions. The policies in contrast to particular intermay equally be described as general policies towards
appropriate technology. In what fllows, 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 withreference to welfare economics. According to this view, appropriate technology is that technology which maximizes socialtechnology may be defined welfare: "Appropriatethe set of techniques which make optimumuse of available resources 

as 
in a given environment. For each process orproject, it is the technology which maximizes social welfare if factor pricesare shadow priced."3 

In contrast, most groups working in appropriate technology associate itwith a specific set of characteristics, rather than with social maximizationin abstract. This is also the approach adopted byThe list of characteristics varies among 
some social scientists. 4 

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 that appropriateare 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
characteristirs isinefficient in a technical sense (of low productivity) compared
with a technology with inappropriate characteristics. in 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 eff cts which might make a technology with appropriate characteristics
preferable. For example, a capital-intensive technology night 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 to choose. But
there are other difficulties with the social welfare/cost-benefit analysis to
determining appropriate technology. First, this apparatus has many conceptual 
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and practical problems, especially for determining social values and shadow 
prices.6 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 technology could be large-scale, capital-intensive,
and ecologically damaging. None of these characteristics are indicated by
the definition. But indicating that all the technologies in the set are
inappropriate it- 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 methodoogy, whichever definition is finaly 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 were 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 chminging. Consequently, the appropriate technology (according
to either definition) will generally change ove- 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 ifsocial objectives have been determined. Country objectives
do not enter explicitly into the specific-characteristics approach. 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
not-especially 

are 
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. 7 

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: 

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

2. The resources 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 international). 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 tendsto stay in that market A large-scale firm that exports most of itsproducts will be concerned with the international market and so on.But the market is also a variable that can be changed by activities of
the firm.4. The organization's knowledge of available technological alternatives.This is a function of three variables: (i) the actual technology shelfin the industry, which depends on the historical development oftechnology in that industry; (ii) existing information channels abouttechnology in that industry

salesmen, 
(for example, consultants, machineryinformation services, and so on); and (iii) the efforts thefirm puts into collecting information and the nature of those efforts.For example, one firm may do nothing about -cquiring informationand simply depend on local machinery salesmen for knowledge; othersmay actively search, sending engineers abroad to look for suitablesecond-hand machinery or to come up with innovations through theirown research and development.
 

In sum, technology choice depends on 
firm objectives, resource availabilityand cost, markets, and technology, or 0, R, M, T. It follows that macropolicies may affect micro-choice of any given unit by affecting an'; of thesefour variables. In addition, the government can affect the balance of choicein the economy as a whole by altering the proportion of resources controlledby -rarious units, what weor shall call the composition of units in theeconomy. For example, small-scale units generally use more labor-intensivetechnologies than large-scale units; whether they areshifting the control public or private. Byof total resources the government may bring aboutmore appropriate technology in the economy as a whole, even though ithas not altered the decisions of any particular unit.Macro-policies, considered briefly below, consist of th,- policies whichaffect 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 affecting technology
choice. For example, the organization of productive units, their access
resources to
and the nature of the markets they serve are heavily influenced
by the system of political economy. In most contexts, the broad dinensionsof this framework have to be taken as a given, not as a variable. Consequently,conclusions as to appropriatc macro-policies may varysocio-economic according to theframework. Secondly, political economy variables influencewhich policies are feasible in a particular context, and which are not. Thusa strategy that might at first appear best, from the point of view of promotingappropriate technology, may have to be ruled out in a particular contextbecause it appears infeasible, and some apparently second best set of policiesmay have to be recommended. This is a problem-ridden area because it isvery difficult to judge what is and what is not feasible. Yet to ignore it canlead to useless recommendations. 
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Two extreme views on political economy can be contrasted. On the onehand, economists' first-best recommendatioiis normally completely ignore
the limitations or constraints imposed 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 at'tributes such failures mainly to conflicts with
important pom er groups. A similar dichotomy between rhetoric and action 
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 economic,
social and cognitive structure that "prodtices, filters out and accepts only
the techniques that will be accompanied by such structures, thereby rein
forcing the structure themselves."9 The structures associated with Western
advanced technology consist of the capitalists, scientists and bureaucrats
who benefit from the technology. Their positions would be threatened if
 
an alternative technology 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

such advanced technology is well eztablished. 0
 

Historic experience-and common sense-suggest that 
 there is much
truth in a structures or j .itic'A 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 factorr that determine technolopy

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 affecte I by technology choices, even though there may bedifferences among 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 aresimilar 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 isthe nature of the government: what interests it represents and hence howit is affected by different decisions, what objectives it holds and what gameit is playing-together -"zc;se vAil determine the actions it takes.Implicitly, these two extrene views make different assumptions ,6outthenature of government. The first-best type of view of many economists,implicit in much social-cost-benefit analysis, is that a government is a singleentity whose interests are those of the nation and whose objectives are to
2maximise social welfare. Tids leaves (an impossible)" task of identifying theinterests of the nation, especially where (to use Disraeli's term) there are9two nations," in order to make maximization of social welfare meaningful.If this can be achieved, then one does not need to trace the particularinterests that are embodied in a government and the effects these have ontechnology choice and associated policy variables. At the other extreme isthe view that a government uniquely and consistently reprctenrs oneof interests-in Galtung's example, set

those of the researchers, bureaucrats,and capitalists. But this view also oversimplifies a complex world. In realitygovernments are not homogeneous bu 'ave ties with numerous groups.The groups vary from society to society, and the ties are sometimes strongand sometimes weak, particularly where conflicting interests occur amongthe various elements which influence government. Careful empirical workis needed in each situation to delineate the various groups which make upor influence government decision-making. Such research is required beforeeither of the two extreme -'iews just described can be accepted or rejected,although exponents of both views do not seem to view such research as 
necessary.

If governraents are linked ro many diffirent groups, then there is potentialfor conflict of interests among them. Potential rule changes (or macropolicies) 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 strategies, it is helpfu! to classify desired change%intothese threL categories. Changes that pos;tively affect all major parties (categoryone) are obviously politically realistic. It might be thought that very fewchanges would fall into this category, since such changes would presumablyalready have been put into effect. But in a dynamic world, where newpossibilities are continuously arising (which is especially true of technology),new information can lead to the emergence and identification of suchchanges. Changes in the. second category, where all groups lose, are not
politically feasible. 

NiOst potentially feasible changes are likely to fall into the third categorysome gainers, seme losers. The number of possible changes within this 
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category will determine the extent of politically feasible macro-policies far
appropriate technology in any particular context.

Two facts prejudice the likelih-,d of change within category three. First,the very fact that there are loscs indicates that the changes will not bepolitically straightforward. Second, since the changes have not been carriedout, 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 inthis category will be made. These include altering the proposed change sothat the distribution and size of gains and losses are also altered, to makethe changes more acceptable; devising new political coalitions to strengthen
the gainers vis-A-vis the losers; or provicang information which may alterthe various parties' assessment of the changes.

A simple example may clarify the discussion. Assume that tractors arebeing introduced in large farms in a particular area, and that these tractorsare being bought with subsidized credit available to the large farmers fromgovernment credit institutions. In terms of the specific-characteristics definition of appropriate technology, it appears that the tractors are inappropriate
compared with the use of labour plus bullocks, since the tractors are morecapital-intensive, large-scale, use imported inputs, etc. Are the tractors alsoinappropriate according to the social welfare definition? The answer dependson the values (shadow prices) of a social welfare exercise; however, manycase studies have shown that tractors do not maximize social welfare." Letus assume that this is the case here. Hence, to ensure that the appropriate
technology is selected, the government needs to alter various rules, so thattractors are no longer introduced. The government could make the following
changes: 

(a) redistribute the land by taking it away from the large-scale farmers(who consequently are no longer i'elevant to technology choice) andgiving 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 inorder to promote appropriate technology. The alternatives can be approached
at various levels and from various points of view The economists' approachis 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 weredistorted. Alternatively, those concerned with distributional considerations
would favor (a) the redistribution of land followed by (b)the redistributionof credit. While not totally disregarding considerations of economic efficiencyor distribution, a political economy approach would look at all alternatives 
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from the perspective of feasibility. Using the classification system suggestedabove, the first requirement would be to draw up a matrix showing thegains and losses to different groups from the various changes. This hasbeen done (for illustrative purposes only) in table 1.1. In the matrix, option(d) has been divided into two: (d)l v'c uld ban all tractors, including localproduction and (d)l would ban imports only. While banning all tractorsobviously is more effective from an appropriate point of view, banningimports is the more common policy.
The matrix illustrates a category three conflict situation with some groupsgainir and some losing from each change. The size and distribution ofgains nd losses among difirent groups differ significantly according to thestrategy selected. The redistributive strategies (a) and (b) hurt the largelandownz-s most and help the strali landowners most. The landless laborersgain most from the land redistribution strategy because it is assumed thatsome of the land is redistributed to them. They benefit equally from eachof the other strategies except (d)2 . Banning tractor imports is less beneficialto them, since it is assumed that some tractorization continues with locallyproduced tractors. There is nothing in the matrix about the social benefitsof the various alternatives because any adding-ip exercise depends criticallyon the weight attributed to various groups.In order to say something about the political feasibility of the possiblerule changes, we need to know the weight the government gives to eachinterest group. This requires an analysis of the political composition of thegovernment, the sources of its support, and the power of pressure groups.A government whose major concern and support is from landless laborerswould choose option (a). In contrast a government that is dominated bylarge-scale farmers would do nothing. Most governments are subject to avariety of interests of varying strengths. They are concerned about employment and therefore give some importance to landless labourers. Butthey are also subject to pressure from landowners large or small and thereforewould tend to choose options (c) or (d) which benefit the landless whileminimizing the cost of landowners. In addition, many governments are
subject to pressure from local producers. Consequently (d)2 might be the
most attractive option. It benefits a major local interest group (tractorproducers), gives the appearance (and perhaps a little of the reality) ofhelping the employment situation, while only slightly harming large farmers.
In many situations, there can. b 
 conflict, between first-best options fromthe 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)2)according to at least one plausible political sctnario. Where such conflictsemerge (which can inhibit appropriate technology), it is worth investigatingpossible ways to alter the outcome, as mentioned above. The matrix ofbenefits and costs of the way the political system processes this matrixcould be altered. For example, a new technology might be produced whichwould benefit all categories, such as a manually propelled tractor. It couldbe 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, 0, R, T, M. To 
summarize briefly, objectives (0) 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 their 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. 14 Also, firms acquireexperience in serving a particular market.T, knowledge about technologies, is strongly cumulative. Research, development, and knowledge concentrate or. technologies in use (or alreadyknown about) so that the direction of technical change is heavily influencedby technologies in Theseuse. cumulative forces mean that changes instrategy should preferably be made early in the development process beforetoo many cumulative forces have been established; marginal changes mightbe difficult to achieve. A radical break has to occur to generate cumulative
forces operating in a difterent direction. 

V. CLASSIFICATION OF MACRO-POLICIES
 
The description of variables influencing technology choice 
 at the microlevel serves as a way of identifying and classifying macro-policies. In general,such policies have the twin objectives of altering the decisions of particularunits and the composition of units in the economy in favour of those unitslikely to choose more appropriate technologies. 

Objectives
The objectives of any micro-unit depend on three things. The first is themode of production the unit represents. Objectives differ, for example,between foreign-owned firms (aiming to maximize world-wide profits) andlocal firms (concerned with local profits); between family firms (aiming tomaximize family income) and capitalist firms (aiming to maximize profits);between publicly-owned and privately-owned firms, and so on. The secondis the organization within the firm. In some firms "engineering man" maypredominate, in others "economic man" (to use Wells' terms). In somefirms, manageal objectives of maximizing output, for example, have cometo dominate capitalist objectives of maximizing profits. The third is the
economic environment in which the firm operates. In some 
environmentssome objectives may not permit the firm to survive. For example, in aprotected and oligopolistic environment, firms may be able to pursue"satisficing" objectives, while in a more comFetitive environment they maybe 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, bychanging the economic environment; and, for the economy as a whole, bychanging the composition of units.It is not immediately obvious which objectives best serve appropriatetechnology. It is apparent that the effect of the obgectives pursued dependson the interaction with the other variables, so that in some contexts, forexample, profit maximizing could lead to appropriate choices, while in othercontexts it may result in inappropriate choice,. In addition, short-run and 
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long-run consequences might differ. For example, if firms in the publicsector aim to maximize employment in the short run, they will selectappropriate technologies, but, if these technologies are highly inefficient,the long-run possibilities for appropriate technology could be damaged. Itis nonetheless possible to draw a few conclusions on objectives.
1. Satisficing type objectives-especially in large firms reliant on foreigntechnology-lead to inappropriate choices. According to some research (forexample, Wells) engineering m- -; empowered to make the effective decisions,which tend to be for over-sophib ticated technologies. According to others(Morley and Smith), foreign-owned firms tend to select technologies similarto those adopted in the home (developed) country. The choices of firmswhich are profit maximizers will depend on the external environment (prices,markets, etc.) they face. In some environments (oligopolistic competitionwith product differentiation, high wages, subsidized capital) they will tendto make inappropriate choices; in others they may make more appropriatechoices. Hence policies designed to change objectives need to be accompanied

by those that will change the economic environment.
2. Foreign-owned fir.as (or ones with close foreign associations) aregenerally concerned with maximizing world-wide (after tax) profits. Thisfrequently involves adoption of the technology developed by the firm inits home company. Where the country in question is developed, this oftenmeans inappropriate technology and products. Where the country is anotherdeveloping 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 lessdeveloped country multinationals, and shifting away from foreign ownership.3. In principle, governments may direct publicly-owned firms to takeparticular decisions, but doing so is too cumbersome if it involves daily
interventions. Alternatively, and more efficiently, governments can lay downthe criteria 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 appropriate or profit-maximizing decisions than private firms.15 
Additional work is needed to determine what the appropriate criteria ofchoice should be, 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 moreappropriate choices both in the short- and long-term, partly because oftheir objectives and partly because of other factors (markets, access toresources). Macro-policies need to be designed to promote this sector andto increase its efficiency. Thus, for governments it is not question ofachanging the objectives of this sector, but of formulating other policies.
The effect of cooperative arrangements on technical choice and incomedistribution depends critically on the form of the cooperative-its objectives 
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and resources. Empirically a range may be observed from associations ofmembers that have virtually no effect on resource allocation (fbr example,marketing co-ops in parts of Africa) to the more ambitious units whichaffect objectives and resource allocations radically (e.g., kibbutzim, communes).16 Government policy needs to promote a structure of cooperative
arrangements that will lead to appropriate choices. 

Resources 
The price package associated with appropriate technology is well-known.17It consists of eliminating the subsidies on capital (tax allowances and artificiallylow interest rates to the modem sector) and trying to eliminate those factorswhich lead to high wage costs in the modem sector, including social securitycosts 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 andreducing wage costs-are all directed at the modern sectcr. For the restof the economy, policies with the opposite effects are required. The informalsector and the traditional sector in general require lower interest rates andmore access to capital. Distribution of credit is a major element in policiesintended to change the composition of units in favor of decision-makersthat make more appropriate technology choices. Through credit distribution,investable resources can be directed towards the small-scale sector and away
from the large-scale sector.

Other aspects of resource policy are those related to the supply ofresources used in appropriate technologies. The human capital element isimportant here, including policies towards training to generate appropriateskills. In some industries, eupply problems with the skilled labour requirements of more appropriate technology are a significant reason why morecapital-intensive technologies are introduced.' 8 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 isconcerned, larger-scale production is almost invariably associated with morecapital-intensive techniques.19 Decisions on scale depend on resource accessand markets. But markets play an independent role. Where markets arelocalized (because, for example, transport costs are high) then small-scaleand labor-intensive techniques are often selected. Rural industry should beencouraged rather than leaving rural consumers dependent on urban centres 
for supplies.

The viability and dynamism of (dispersed) rural industry depends in parton 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 (tbr 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 mAkets, 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 organization
and market: 

Organization Type of Market 

Foreign-owned firms and joir.t International markets 
ventures Middle- and upper-income 

markets locally 
Public sector Middle- and upper-income
Large-scale private sector markets locally 

Some international market-
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 informazion
 
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 iLa
bias against improved information in this area. 4 As Pack pointed out, there 
can be large private (as well as social) gains for firms that invest in acquiring
improved information. 

The second major area is research and development (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 randomhi ispersed in all directions around
the technology in use (roughly a Nelso. id Winter type strategy), then
for any initial technology (T) in diagram i new research rejults 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 developingcountry (DC) costs (KK'), the area shaded with horizontal lines will representeconomically efficient new techniques. With less developed country (LDC)costs (LLI), the vertically shaded area will represent the techniques thatwill be developed. Hence techniques developed it, DCs will tend to be more capital-intcnsive than LDC-developed techniques. The difference ismuch greater if each starts with a different technology, as in diagram B.Here there is no overlapping in the new results. This suggests that thedirection of technical change will tend to become cimulative, according tothe location of resarch, since the initial difference. in new technologies
even after startinf, with the same technology as iri diagram A-will tendto lead to a different choice of technology and consequently to a different
starting point fur technological developments in the next period.


In figure 1.i, only the u', ii! 
 capital/labour characteristics have beenillustrated. Btut 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 developingcountries, starting with a careful look at the analysis (see Lall, Katz, andothers) of whar promotes and inhibits such change. Policies regarding theimport of technology, local R & D institutions, the promotion of relevant
skills, and local capital goods industries are relevant.

Sources of technology-both as to information and the development of new technology-have been heavily biased towards the modem sector, andwithin the modem sector towards the relatively large scale. These biasesarise because in the main, R & D is carried out in developed countriesby larger-scale firms. The informal and traditional sector in developingcountries suffers from heavy technical neglect. The diagrams used in figure1.1 to illustrate how developed-country R & D tends to generate inappropriate

techniques for developing countries 
 could also be used to show howtechnology change initiated by large-scale enterprises in developing countrieswould tend to generate results inappropriate for the small-scale and traditionalsector, as well as those for the modem sector in less developed countries. 

VI. CONCLUSION 
This brief discussion has attempted to identify and classify the main areasin which we should look for macro-policies for appropriate technology. Ithas not discussed the policies in any detail, nor has it considered whethersuch policies would be realistic or effective in particular contexts. Detailedresearch 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 co'antries at differi1 'g stages of development and with 
differing resources. 
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The general discussion has underlined three conclusions. First, politicaleconomy factors are significant and must be built into the analysis fromthe start and not added as an aside at the end. Second, cumulative forcespolitical, economic and technical-need to be taken into account becausecurrent options may be severely limited by past decisions. Third, changingwhat we have called "the composition of units" (the proportion of investmentdecisions in the control of different types of units) can be significant forevery variable (objectives, resources, markets and technology) and might beone of the most effective ways of promoting appropriate technology. Thedynamics of technology choice need underlining. Since countries are changing, 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 technologychange emanating from developed countries also needs to be taken intoaccount in determining policies for appropriate technclogy. 

NOTES 
1.Leibenstein, while accepting this definition of"inicro-level" has recently identifieda 'eed for a "micro-micro" economics, exploring how decision-making takes placewithin the decision-making unit. This too is an important area for those interestedin appropriate technology, and one that has already been approached In discussionsof "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.5. In Robinson; see also Singh, who provides a much fuller discussion of thevarious characteristics that have been cssociated with appropriate technology.6. This is not the place to summarize the substantial discussion on the issuesof social cost-benefit analysis. See Stewart, 1975, and the special issue of WorldDevelopment, edited by G.A. Amin and J.D. MacAithur, February, 1978.7. Strictly, the introdu-tion of "social efficiency" considerations would rule thisout, where "social" values were elucidated with respect to actual government objectives.However, to avoid ambiguity it is preferable not to eliminate conflicts in this way.Instead, it i3 assumed that social efficiency is measured with reference to appropriatetechnology objectives. The use of the term "government objectives" is ambiguous.In fact there are no "government objectives" per se but rather various objectivesbelonging to various elements in the governments. Moreover, there is no good wayof ascertaining precisely (and sometimes at all) what these objectives

8. See Perkins. 
are. 

9. Galtung, p. 133.10. I have taken a similar view, although I expressed it somewhat diflerently (seeStew-art, 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 refined milling in Kenya,to maize 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, far 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 

s more appropriate than North-South trade (see, e.g., Lecraw), but the limited 
evidence is ambiguous on trade in general (see Amsden). 

24. See Bhala, ed. 
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Technology Choice in Agriculture
 
in India over the Past Three Decades
 
Ashok Rudra 

I. INTRODUCTION 
Our argument in this chapter will be that Iudia started its developmenteffolts in the post-independence period with a more or less correct approachtowards the problem of technological choice in agriculture, based onbalanced aassessment of the requirements of growth and equity; however,in the following decades, the technology policy changed to incorporatemore and more inappropriate techniques of production. It will be seen thateven though Indian agriculture is pr,'-eminently private, consisting ofhundreds of millions of individual cultivators, government policy has hada decisive role in shaping the technological basis of Indian agriculture. Thispolicy has been, to a very large extent, a direct result of Western influence,especially that of the United States.This chapter will not be ccncerned with conceptual finesses of whatconstitute3 appropriateness of technology. Wher. we say that the technologicalchoice has become increasingly inappropriate, we mean that other choicescould have been made that would have resulted in greater distributionaljustice, more labour employment, greaterparticipation by use of local resources, morelocal people, less dependence on imports, less foreigninfluence, and all these probably with more output.The chapter isstructured as follows: section II presents the technologicalscenario as it has gradually emerged and promises to become more firmlyset in the future. Section III traces the evolution of state policy towardsthe problem, from the immediate pre-independence period until today. Thefollowing three sections evaluate this technological choice in terms of itseffects on production, distribution and employment. The subsequent threesections consider in detail the major industrial inputs which constitute thepillars of the New Agriculture-namely, chemical fertilizers and pesticides,irrigation and agricultural machinery. We will not only consider their impacton the agricultural sector but will also look at the industrial interests,domestic and foreign, that have influenced policies with regard to them. 
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II. THE EMERGING TECHNOLOGICAL 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 orgar.ic 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 ownei and 
energised tubewell irrigation without any research being made for tapping
non-conventional groundwater and surface water. While farm ruechanisation 
has gone ahead in an indiscriminate manner with imported models of 
tractors, power tillers and other accessories, there have been few improve
ments made to the traditional 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 ho.dings in two senses: 
tht agricultural machinery that has been introduced requires larger areas
fc! its efficient utilisation, and all the inpus, whether mechanical, chemical, 

http:orgar.ic
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or biological, are extremely costly so that only the richer farmers can afford 
to make adequate use of them.1 

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 theCongress Agrarian Reforms Committee (CARC, 1949) and continues until1959. The second phase begins with the publication in 1959 of a famousreport by a team of experts from the Ford Foundation and continues until1966-67, which is usually recognised as the begnning of the so-called GreenRevolution. 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 associatedwith this hackneyed expression is nothing but the consummation of theapproach adopted in the second phase.
The balanced approach to the problem of technology in agriculture thatprevailed among the leaders of pre-independence India is best reflected inthe report of the Congi -i. Party, referred to above. It took a categoricalstand on mechanisation.- \,e do not favour in general mechanisation ofagriculural operations"-and qualified its stand only with the followingproviso: "Large-scale mechanisation [i,] to be restricted to collectivised

agriculture on culturable wastes." It supported "every effort to improve theimplements used in agriculture" and gave concrete suggestions, for instance,for "inverting ploughs for green manuring, which can be easily drawn bybullocks 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, theso-called father of the miracle wheat, to recommend that "large-scale effortsshould be made to produce pedigree seeds." However, the Congress Partyreport differed drastically from Dr. Borlaug's philosophy insofar as plantnutrients are concerned. It recommended the use of green manure, farmyardmanure, oil cakes, bone-meal, and even night soil; chemical fertilizers wereonly mentioned. In relation to irrigacion, the report anticipated the laterstrategists 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 planhas been rightly criticised for not saying much about agriculture. This onlymeant that it endorsed the approach articulated by the first plan. The mostimportant statements in the plan relate to the institutional counterpart to
the technological approach of the first phase.

This counterpart consisted of the Community Development 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:Ing Commission, 1952). Blocks, each 
a cluster of about one hundred villages, were treated as the basic units for
development efforts comprehending different economic and social activities 
from agriculture to industry, from health to education, from housing totransport 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 nutriento, the first plan took a balanced and positivemore 
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 notreflected 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 scene 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 utged selective
farm mechanisation, recognizing that an absolute shortage of farm power
would inevitably develop if animal power alone were relied ui)on. Since
then there have been no further policy shi.fts 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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policies adopted and pursued by the Indian government. But technologypolicy in agriculture has hardly been a matter for the government of Indiato decide on alone. Incredible as it may sound, these decisions have throughoutbeen tAken by certain external agencies, and it was left to the governmentof India to acquiesce to them, with different degrees of reluctance anddelay. As such, the account reads a bit like Hamlet without the Prince ofDenmark. We shall briefly correct the record by bringing in that chief
actor to clarify the policy shifts. 

The philosophy ofoverall general development underlying the CommunityDevelopment Programme (CDP) was also inspired by the United Statesthe model for the progranune was the latter's extension services. From thevery beginning the CDP was financed largely by the U.S. government andsuch agencies as the Ford Foundation and the Rockefeller Foundation. U.S.expeets participated in various activities, including the training courses forthe stair of the programme. The programme was divided into eight partsdealing with areas from agriculture to social welfare, and for each part therewas a U.S.-sponsored supporting project. For instance, there was an operationsagreement for the acquisition and distribution of fertilizers, another operational agreement for the acquisition and distribution of iron and steelfor agricultural purposes and yet another operational agreement for groundwater irrigation. The minister for community development wrote in 1057about a U.S. expert: "There has hardly been a basic decision taken on theimplementation of this programme in which Dr. Ensminger's observationsas an advisor and bis views as one identified with this programme havenot m Ae some significant contribution." This occurs in the foreword writtenbr the minister for a basic manual for a training course called "A Guidetc Community Development," which was written by Dr. Ensminger. Thilis an indication of the degree to which U.S. experts acted not only asadvisors but as leaders of the programme.
It is therefore not surprising that subsequent policy shifts were triggeredby reports made by one team after another of U.S. experts. Within a yearof launching the programme, a report by the United States TechnicalCommittee (1953) questioned the of theadequacy approach of thinlydistributing availa le resources and knowledge of the existing technologyamong all villages and villagers and recommended that a part of the CDPfunds be reallocated to research and training in the agricultural sciences.This shift from a general welfare oriented approach to 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 recommended that agricultural programmes be run by career professionals ofagronomy and that these professionals be graduates of agricultural universitiessimilar to the U.S. federal-state land grant universities. While the governr.n,,tof India began to set up such agricultural universities and to bring togetherunder 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 
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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 Greenso-called
Revoi',tlon Strategy in the mid-1960s. The Ford Foundation not only
provided the general idea but also presented a concrete programme in he
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 Foundation. 

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 ma 'e 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, fert:izer without water or
pesticide withoiit seed, would hardly make sense. The idea was to apply
the inputs in a combination of their naximising 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 tosuch crops, and with respect to them, to such farmers, which promised to
make maximum use of resources. This amounted to pouring funds on
regions 'chat were already well-endowed, on crops already profitable and on 
farmers already rich. 

The inequality aggravating implications of the strategy were so glaring,but the policy reversal did not take place as a simple walk-ovez; there was 
a gret 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 newseeds. 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 andthen 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 career eight 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 growth of production was the sole objective of the new strategy;neither employment nor wereequality considered as objectives. Thus,Ladejiu ki (1973) wrote, "the aim of the Green Revolution as envisioned
by pol!cy makers is productivity; social impeiatives were not part of it."Although we shall argue that from the point of view of employment anddistributional effects, the technological choice has been far from sociallybeneficial, 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 has followed a smooth trend despite all the ups and downs causedby hazards of the monsoon or other cyclical factors. This is an extremelyremarkable fact. First, there is no reason why any natural growth ofagricultural production should follow a smooth trend represented by asimple mathematical function: in statistical time-series analysis, one oftenapplies such methds as that of the moving averages and obtains so-called
trend lines which reveal no regular pattern whatsoever. It is all the moreremarkable that the trend that one nowobtains with data available for more than thirty years is not different from the fit with data for only thefirst fifteen or twenty years. That is, whether one considers a period precedingthe so-called Green 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 hasbeen a "Green Revolution" in the country. The answer to the question isno, if one thinks of the country as a whole and agriculture as whole andif by revolution one means "a sharp break from the situation that existed
before the revolution" (Ladejinski: 1973). There is lack of agreement amongexperts as to whether this trend in agricultural growth is one of a constantrate of growth or of a diminishing rate of growth. None of the trend fittingexercise3 can be read as implying an increasing rate of growth. However,there have been differences in opinion as represented by the following twopositions: (1) "Output (and yield per unit area) of food crops and all cropsgrew more or less uniformly over evidence ofthe entire period with no
either acceleration or deceleration since 1967-68" (Srinivasan, 1979), and (2)
"The average annual growth rate between 1950-51 to 1954-55 and 1960-61to 1964-65 was over 3 percent in the aggregate. . . .In the subsequentdecade, ending 1970-71 to 1974-75, the growth of crop output was around2.1 percent" (Vaidyanathan, 1977). Given that the population seems to begrowing at a rate of 2.4 percent per year, the first view suggests a growth 
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which just manage3 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). Tht 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. 2 

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 momentum only by the mid-1960s? To answer this
question it may be recalled that until 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
has 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 ielf sufficient in food-gains-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. 4 

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.5 There was 
a similar 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 
some 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 other crops. 
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a complacent view 
on smooth mathematicalcurves. There are no bases allowing one to take for granted that the countrywill remain self-reliant in agricultural proeucts, especially food grains. Manyhold the pessimistic view that theitself in the few 

new technology has already exhaustedareas where it has taken place. Various factors at differenttimes have provoked these pessimistic prognoses. Dil'ation of the potencyof the new seeds and an alleged slowing down of thedemand for fertilizers are two signals which have raised such alarms. Indirectevidence 
rate of growth of 

that has been used is the extremely low inter-farm variation inthe adoption of the new technology in Punjab.We shall now consider the argument that production could have growneven more if a different strategy had been followed. This alternative strategywould have distributed the production-augmenting inputs among morefarmers with a lower intensity. The New Strategy is based on the idea thateach farmer should apply the combination of inputs that lnaximisesprivate profit. The alternative strategy would have a larger number of farmers 
his

applying the inputs in smaller doses so as to maximise aggregate production,given a limited supply of a particular input. The argument that the socialoptimum is different from the results obtained by aggregating individualoptima has been elaborately demonstrated fbi" fertilizer use, as we shall seein 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 wealthpopulation dependent on agriculture. This consensus among the
is based largely on aprioil reasoning. Whatever quantitative work has been done on the problemmostly with regional or local data-corroborates
the reasoning. or at least does not contradictIt is easy to understandagricultural population and comparing it 

that measuring inequality for theovertasks. It is even more time are extremely difficultdifficultinequality can be ascribed 
to decide what part of the increasesto the introduction of the new technology and 

in 
what part to other factors.The a priori reasoning is so straightforward that even defenders of theNew Strategy have never cared to counter it.6 The reasoning can be dividedinto several components, each of which has been shown to be valid inlight of empirical evidence. These components are as fillows: 

1. Since the new technology is intensive in capital inputs per hectare,the adoption rate is higher among bigger farmers than among smallerones and is higher among owner farmers than among tenant farmers.72. Because of their better resources position, bigger farmers apply moderninputs in greater quantities than smaller farmers and thus approximatemore closely to the private profit maximising combination.S 
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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.9 

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 farn size. 10 
7. The above factors working together generate more income .among

bigger farmers than among smaller 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 landless, and the polarisation between the
landless and the big farmers is yet another dimension of the phe
nomenon.1' 

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 inputs, like fertilizers,
pesticides, and so forth. This unequal accumulation of fixed and working
capital must indicate a correspondingly larger income generation among the
bigger farmers. 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 I etween 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 calculationsrelating 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 aie some who
find that the proportion below the poverty line is increasing (for example, 
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Bardhan, 1974). There are others (for example, Ahluwahlia, 1977) for whomthe proportion below the poverty line does not show any clear trend, beingsubject to fluctuations caused by such variables as prices, per capita output,and so on. There are, however, no studie,, that show a systematic decreaseof the proportion below the poverty line. Given that average rural incomehas 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) conducted in 1968 found that from1955-56 to 1967-68 bigger farmers (those owning more than 20 acres ofland) had increased their land ownership'through purchases by about 10percent, and farmers having between 100 ani 150 acres of !,'.!id had doneso by nearly 40 percent. According to Kahlon and Singh (1973), large farmersincreased their land ownership by 16 percent in the four years from 196768 to 1971-72. During the same period, small farmers lost land by 38 percent.Inequality increase is, however, much more important for assets other thanland. For assets other than land, the same investigators found that inequalityof distribution increased in the manner shown in table 2.4.The aggravation of inequality discussed abov cannot be ascribed entirelyto the adoption of the new technology. It is difficult to sort out the effectsof the new technology from those of other contributory factors. Frankel(1971) estimated the direct effects of the new technology in Ludhiana, oneof the heartlands of the Green Revolution, calculating that about 80 percentof 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 changein agrarian relations. This relates to tenancy. Since the new technology ishighly profitable, there has been a widespread tendency 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-owningpeasants. Some of them have found it more profitable 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 thereis little concrete evidence. It is generally held that this has not been animportant part of the agrarian transformation that is taking place in the 

country. 

VI. EMPLOYMENT EFFECT 
The employment effect of the new technology is a subject on which therehas been, on the one hand, many empirical studies, and on the other, an 
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absence of agreed conclusions. The ambiguity reiates chiefly to the effect
of mechanisation on employment. There are not many differences of opinion
about the employment effect of the seed-fertilizer-water pait of the technologypacket. It is widely agreed that these inputs augment employment. Moreirrigation obviously calls for more labour for digging, bunding, and so forth.
More fertilizer application also means greater labour requirements. Thehigh-yielding variety (HYV) seeds require more labour by calling for moretending, more weeding, and such improved practices as row-sowing, seed 
treatment, and so on, and by making possible a higher intensity of croppingby shortening the durations of crop seasons. 2 Increased production, whetherdue to seed, fertilizer, or water, increases employment during the harvest 
season. 

!'he 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 surprisinggiven that farmers who can afford the new technology belong to the upperbrzckets and may therefore be expected to have a higher preference forleisure. There seems to be some effect on the employment of farm servants,

3but its natare is somewhat ambiguous. 1


But the employment gains 
 due to biochemical inputs are drasticallycurtailed by the negative effects of mechanisation. Once again, there iLnodifference of opinion about the labour-displacing effects of farm, machinery,
when specific operations are considered in isolation. There is also nodifference of opinion about threshers and harvest combines being much more labour displacing than tractors. 14 Differences arise when one attemptsto evaluate the net effect on farming as a whole. Those who support andadvocate mechanisation point at indirect employment generation of the 
following kinds: 

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

2. Employment generated by higher intensity of cropping made possibleby the speeding-up effect of mechanisation on
5 

certain operations for 
individual crops

3. Higher employment made possible by energised irrigation
4. 	Higher employment resulting from crop production on land released 

from fodder cultivaticn16 

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 7 

Even if all these effects do take place, whether the indirect employmentgeneration fully compensates for the direct labour displacement remains an open question. Some of the dissenting views have be.en referred to in notes15, 16, and 17. A diffetent argument is that the net loss due to mechanisation
is more than compensated for by additional employment generated by theseed-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 dueto 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.' 9 This ceiling willbe raised only if there is another breakthrough in seed technology. On theother hand the decrease in employment due to mecharisation may beexpected to continue indefinitely given that mechanisation has only justbegun and there is a continuous process of innovations in the sector. 

VII. THE FERTILIZER POLICY 
The policy of the Indian government towards soil nutrients since thebeginning of the 1960s has been one of vast and continuous expansion ofthe use of chemical fertilizers by all possible means. All the policy instruments
in the hands of the government for example, import control, industriallicensing policy, fiscal policy, price control policy, and so on) have been
applied in a concerted manner to achieve this aim. The numbers involved 
are all impressively large, as is shown in table 2.5 and figure 2.6. Consumption
of nitrogen, phosphate and potash has grown at rates between 15 and 20
percent per annum over the last three decades.20 Domestic production ofnitrogen 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.21 Raw materials
 
for the industry have also grown but at a slightly lower rate, both in the
domestic and the import sectors.22 Investment in the industry by mid-1983
84 amounted to more than Rs. 40,000 millions, which can be comparedwith 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 alsogrowing at fantastic rates, largely due to the depen~dence of industry onthe 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 evenhigher 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 overallmobilisation of all kinds of plant nutrients. There has, however, been nonoticeable effort for the maximum mobilisation of organic manure resources 
even though, according to an FAO report, "everywhere in ,he 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 animalwastes, 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.23 The Food and Agriculture
Organisation published two comprehensive reports (FAO, 1962 and FAO,
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, PEO,1967; National Commission on Agriculture, 1976(b)) which made similar
suggestions and recommendations. In addition, in the earlier days of itsdevelopment 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 labour 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 ofdifferent organic matters with data relating to their nutrient contents, relative
importance, and forth. 24 Thereso is without doubt a large potential of
nutrient resources which has been left unutilized.25 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 ield 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 6 

This leads one to wonder if the path adopted could have come aboutjust 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 asaying, "Cherchez la femme." The male chauvinist idea is that If there isan intriguing problem de./ing immediate explanation, look out for thewoman at the root of all the trouble. It does not take much research todiscover the powerful interests that stand to lose from the developingcountries relyik.; more on organic manures.To .3tart with, consider the following facts about the fertilizer industryon a global level and the policies pursued by powerful international agencien
towards fertilizer: 

- More than 80 percent of exports of nitrogen, phosphate, potash andphosphate rock are made by a handful of developed countries, dominatedby the United States, Japan, the USSR and Canada. The industries inthese countries are higldy oligopolistic. Demand and supply of some of theproducts are price inel stic (Desai, 1982). Export prices have often beenfound to be lower than domestic prices. Multinationals in the industry areknown to insert clausos in collaboration agreements banning direct as wellas indirect dissimulatio a and adaptation of technology (Menon, 1980).- Much fertilizer impoted by India (for instance, about 85 percent inthe 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 hassometimes meant that India had to pay twice as much for importing materialsfrom the United States than for importing similar materials from the Gulfcountries (if permitted), with transportation other than U.S. flag ships.2 7 
* Much of the aid for agriculture finances fertilizer imports and theestablishment of fertilizer plants.2 8 
* The fertilizer industry is highly capital-intensive with a high importcontent-about 60 percent in India. 
•The fertilizer industry is the most important industry receiving supportfrom the World Bank-its share in the total loans given to the industrialsector 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 fureign exchange content than other
projects. As a precondition for receiving World Bank support, the projectshave 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 Revolutionearmarks the fertilizer industry as one in which the public sector plays theleading role, the private sector has been allowed to increase its share fromless than 15 percent in 1960-61 to about one-third in 1979. - Foreign capital has been allowed to have majority participation, whichgoes against the established practice of the government.
- The government intervenes in the market fur fertilizers to support acombination of a higher cost of production and lower prices for consumers,mostly big farmers. This is done by price controls and subsidies. Whilethe 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.29 An important point to note is that the minimum prices of 
crops have also been controlled by the government, making the ratio of 
crop price to fertilizer price increasingly favourable to farmers. 30 

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 agrowing 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 Iranian Oil 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 underutiisation of capacity.31 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 ocLdata on this.Input per hectare in 1981-82 was a mere 377.1 grams, which may be compared
with more than 10,000 grams in Japan, nearly 2,000 grams in Europe, and
about 1,500 grains 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
it.ms that are banned, and yet receive subsidies from the national govern
ments. Profit to turnover ratio in the industry is as high a3 40 percent,
about four times higher thari in comparable industries.

There is, however, one important difference between pesticides andfertilizers 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 diseases 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 postindependence period, the country had a well-defined policy of discouragingsuch mechanisation of agriculture that might adversely affect employment.With the adoption of the new technology this gave way to a laissez-fairepolicy-letting farmers use whatever machines they could purchase andletting industries produce whatever farm machinery they could sell. As thefarmers' and the industrialists' decisions are based on private profit maximisation and not on social welfare maximisation, it is not surprising thatthis laissez-faire policy resulted in an indiscriminate proliferation of farmmechanisation, as if the government's policy was to maximise mechanisation.

As in the case of fertilizers, the numbers are impressive. The productionof tractors has increased at a rate of more than 26 percent per year.. Stockshave piled up at a rate exceeding 15 percent. Oil engines and electricallyoperated pumpsets and tubewells in use by farmers have increased at therates of 13.5 percent and 19.2 percent per annum, respectively. Electricityin agriculture has grown at the rate of 14.8 percent per year (figure 2.7and table 2. 10).3 This phenomenal growth in mechanisation has taken placeon a very narrow base, with the result that, on a per hectare basis, theimportance 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 beginning 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. Important newcomers are harvest combines and power tillers.33 Themanufacture of a whole range of accessories used vith tractors for variousoperations has also begun." Among them, disc harrows, trailers and seedcum-fertilizer drills have acquired popularity.
We have discussed (section VI) the labcur displacing effects of farmmachinery, in particular those of tractors and harvest combines. We havealso seen that no one contests that direct employment is adversely affectedby most farm machinery. But there are differences of opinion on the nete'iect after taking into account increased employment following from bettercultivation, supposedly made possible by mechanisation. On this matter wecan do no better than to cite the conclusions on tractori."ztion arrived atby Binswanger (1978), who painstakingly reviewed nume:'ous studies on theeffects of tractorisation-from large-scale surveys conducted by importantresearch organisations to unpublished Ph.D. and M.A. theses. His views,uncontested so far, are worth quoting: 
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The tractor surveys fail to provide evidence that tractorr are responsible forsubstantial increases in intensity, yields, timeliness and gross returns on rnmin 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 theview 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 laborers] 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 increasesrather than reduces the suffering." He concludes that "it nevertheless isclear that tractors shift the cost advantage in farming towards the larger
farms and that they therefore induce pressures towards increased concentration of landholdings in fewer hands. This is inconsistent with the stated
goal ofpolicymakers 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, emphasized the point. A
comprehensive 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 wr set up in a number of states. Experiments for the improvisation of a large
number of implements have been carried out in these places." 5 

Most of these laboratory experiments have remained in the laboratory,
however; they have not been taken up by cultivators.3 6 Facile explanations
like Indian peasants being conservative cannot be advanced anymore at atime 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 iacilities, 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 
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of the energy and -crganlsational effort with which the fertilizer-HYMtechno! gy has been sold to the farmers has been expended for taking theimproved machinery to the ' irmers and bringing back their reactions tothe lhboratories for generating continuousa process of use-feedbackredesigning. This has occurred largely because of the deeply entrenchedprejudR:es 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 oninventions of the kind made in many other countries for tapping nonconventional sources of energy, such the sunas and the wind, and forincreasing the efficiency of energy conversion by imaginative utilisation ofthe principles of mechanics. It is all the more unfortunate because Indianfarmers, far from being averse to the adoption of such inventions, reveala great deal of untutored and unsupported enterprise in the matter.Throughout .he country contraptions are made by the farmers, with thehelp of locally avaihble materials and artisanal skills and by incorporatingvarious gearing, pedalling and levering devices, for better utilisation ofhuman and animal energy. A piece of bamboo tied to the handles of threehand-operated tubewells in a row and operated by two persons at two er.-lssaves human energy by one-third. This elementary device that we discoveredin a village in West Bengal symbolizes the enormous potential that hasbeen allowed to go unutilised. This subjective factor is reinforced by theobjective interests of the engineering industries, domestic and foreign, engagedin the manufacture of agricultural machinery. The domestic industry in thisfield, as in most areas, has shaped itself on models of developed countries.In contrast to the fertilizer industry, trends in the tractor and allied industrieshave been set noc only by the capitalist West but also by the socialist East.
Until 1958 tractors and allied machinery reflected the western technologyof the Caterpillars of the United Kingdom, Ford Motor Company of theUnited States, Massey-Ferguson of the United Kingdom, and the International
Harvester of the United Kingdom and the United States, who 
were theprincipal 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. 7 Factor endowments andmethods of cultivation in both of these groups of countries call for largeand heavy machinery It is such products that they exported earlier, andit is the technology fk.- such products that they have exported later. Thatis only to be expected. It is not expected that they would design machinessuited to Indian conditions, given the small market that India offers. Noris it surprising that USAID and the World Bank should give loans for

importing machinery."8
The story is not very different for power tillers. Even though they havereceived blessings from many for being small and cheap, a serious economicobserver 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 ftr ploughs" (Raj, 1973). The foreign exporting interest here is Japan
both fur products as well as for technological collaboration.39 

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 artisanal 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 aspowerful big business houses the Kirloskars, the
Mahindras and the Tatas. 0 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 i- ironic that the tractor industry in India is one of the few with a
record of independence and self-sufficiency in technoingy. The Swaraj model
of Punjab Tractors, Ltd., is wholly indigenous and better adapted to Indian
conditions than all the other models based on borrowed technology. Th.s
is ironic because the tractor in itself is inappropriate. Moreover, no origin Ihty
has been shown in the production of more appropriate varieties ot 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.41 

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 halfirrigated by either canals or wells, the potential for groundwater is limited.42 
There is no question that irrigation must find a placetechnology package is adopted in whatever

for the development of agriculture. Thatirrigated 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 ofirrigation or its influence on productivity" (Manmohan Singh, 1984).41 Thereis no difference of opinion that groundwater irrigation has a much greaterimpact on crop yield than surface water irrigation. 44 But all the same, the'-,ay groundwate,- irrigation has been promoted at the cost of other sources,such as canals, ponds, tanks, and so on, without improving the efficiencyof water use by technical, organisational and managerial innovations leavesthe 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 preventnecessary steps to extract the full benefits of canals. It is well known thatmuch water flowing down canals is wasted due to conveyance losses andthe absence of adequate field distribution systems-seepage loss has beenestimated at 40 percent. This sometimes leads to water-logging, which isinimical to the new variety seeds just as irrigation by flooding with canalwater is.45 The soil salinity effect is another drawback of the system. Whilethis is true of all canals, those that dry up during certain seasons or areprone to flooding cause additional difficulties.Among the advantages of canal irrigation which are easily neglected(a) in its command are 
area it supplies water more plentifully, and therefore itcan 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 thefluctuations of crop yields. But the most important point to be noted, whencomparing canal irrigation with tubcwel irrigation, is that the benefits ofthe 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 ofin the runaway enthusiasm for it by the new technology (because of itsqualities of perenniality and controllability) are (a)its dependence on externaland scarce sources of energy, such as electricity and diesel; (b) its dependenceon repair and maintenance; and (c) its built-in bias in favour of the bigfarmer, in view of the minimum size of land below which it is uneconomic.46 
However, the greatest drawback of well irrigation is the deleterious effectit can have on groundwater when not resorted to in a conjunctive andcontrolled fashion. Thus, the National Commission on Agriculture, despiteits support 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 O.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 -11 
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 (a) 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.4 7
 

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 engineers :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 colt 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 economy, has resulted in the technological choice to maximise output 
per unit of area rather than to marimise 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: 

1. Choice of material for diversion structures, for example, earth, rocks, 
concrete, and so forth, with obvious difference in matters of labour 
absorption, capital requirement, and dependence on local material and 
skill. 

2. 	 Choice between use of heavy earth moving machinery and massive 
application of human lbour. 

3. 	 Choice of density and other characteristics of field channels-the 
greater tbe density, the more the replenishment of groundwater.

4. 	Choice of method of controlling sedimentation, vegetation, and so 
on, in channels with machines or 	with human labour. 

5. 	 Choice between barrages and reservoirs with regard to problems of 
seasonal scarcities of water, flooding, and so 	on. 

6. 	 Choice between lining of canals and allowing seepage for the benefit 
of groundwater replenishment. 8 

7. Choice from among different distribution systems, e.g., rotational versus 
non-rotational delivery.49 

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

1. Choice of material for the tube from among steel, brass, PVC, bamboo,
0

etc.5
2. 	 Choice of size with the choice of the depth of underground water 

layer, involving considerations of landholding structure in the command 
area. 

3. 	 Choice from among drilling methods-manual, manual percussion, 
jetting and rotary drilling.

4. Choice from among different kinds of pumps, for example, centrifugal,
vertical turbine, and so on.51 

5. 	 Choice from among different means of delivery, for example, field 
channels, undergcund pipes, and so fordl. 

6. 	 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 souirces.52 Non-conventional 
sources of energy, such as the sun and the wind, offer potential 
alternatives.5" 

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 energy that one be surecan 
that potential improvement in this area is vast. 

In fertilizers and farm machinery we located domestic and foreign indttrial
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 snd diesel belong mostly to the public
sector. The decisive influence here seems to be the profit 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 among 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 in 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 Unitt.:- LandStates' Grant Colleges"
(NCA, 19?6(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 New 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 asindustrial 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 field wherea
India's record of research and development is far from negligible. 
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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 agriculture would 
have been just as much or even more ill-suited to the requiremerts 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. 

XI. 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 employment and such social
objectives as local resource mobilization, 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, do 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 offif 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-talk about certain supreme virtues allegedly attached to perfect
compel Mtion. 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 Pareto 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 nook
and cranny of the economy. As such, correct input and output prices in
agriculture alone would not ensure even Pareto optimality.

Who then killed Cock Robin? The answer has been given in the courseof this paper. It is the unique (.onvergence 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 onlygrowth but also distributional justice, with more reliance improvedon
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 carriedout the work but for the extremely capable support I received from my researchassistants. The person who helped me throughout was Sutapa Bose. Neepa Bisihelped 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 noc a point that is disputed even by the most ardent advocates of theNew Strategy. Thus, Ladejinski (1969), citing certain figurescost for a seven-acrefarm to adopt the new technology, wrote, "This is where neutrality to scale begins

to break down." Also see note 6.


2. The Lverage annual growth rate of agriculturaO production between 1880 and1960 has bcen estimated at no more than .5 percent in the United States and 1.9percent in Japan; the average annual rate in the United Kingdom w= 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 followingfigure quoted in Bhalla (1979): 69 high-productivity districts, representing only 20.5percent 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 amongthe food-grains, and a great deal of effort and attention hps 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 and1966-67. However, as may be seen from Figures 2.3 and 2.4, the upward shift ingrowth 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 UP., it is between 1962-63 and 1963-64.6. Thus, Subramanam (1979), who was Minister for Agriculture in the mid196 0s and who clajias credit for making the government promoze the adoption ofthe New Strategy, wnt , 'There has also been a cry that it is only the better-offfarmers who have been using the fertilhers so that we have been only subsidizingthem. But ycu have to strike a balance because if they do not use the fertilizerthey will not produce and the whole nation will have to starve."
7. There has been much evidence supporting this proposition. Reports of theAgro-Economic Research Centres, the Programme Fvaluation Organisation of thePlanning 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 enthusiasticsupporters 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 strongadvocates of the New Strategy as Kahlon and Singh (1973) present figures that showthat in 1971-72 large farmers obtained eight times more intitutional loans thansmall farmers. Similarly, another high priest of the Green Revolution, Ladejinski(1973), had this to say: "Throughout the long history of institutional rural creditthe differentiation has always been along the line., of much for the few and littlefor the many. And there is no mystery about it, for the distrib,ticn of such vitalresources as credit and inputs reflects a power structure very much biased in favour 

of the affluent." 
10. This proposition is disputed by some, though much less than the propositionabout the inverse relation in traditior.al agriculture. Among those emphasizing thisreversal of the relation are Dasgupta (1980), who is a critic, and Bholla 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 
employmentand 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 absorbless labour than ordinary seeds (see Lakdawala, 1978).
13. In India, one distinguishes twobetween kinds of farm labourers by theirduration of employment: daily labourers and farm servants, who are also oftenreferred to in English as "permanent labourers," "attached labourers," etc. Thisauthor (Rudra, 1971) found that employment of farm servants increases with theuse of tractors. The same result was found by NCAER (1973). However, some otherresearch workers, e.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 ad Singh (1980), C.B. Singh(1981), Oberai and Ahmed (1981), Joshi (1981), Agarwal (1983), and Laxrninarayanand others (1981). Various authors have also presented numerical estimates of thedisplacement effect. According to the National Commission on Agriculture (NCA,1976), tractors displace human labour by only 15 percent. This is consistent withC.H.H. Rao's (1979) estimate that tractorisation resulted in reduced labour days by12 percent to 27 percent in different parts of the Punjab. This, however, is lowerthan the estimates by Kumar and others (1981) which put the reduction at 41percent and that of Laxminarayan (1982) who places it at 58 percent for ploughing.Laxminarayan and others (1981) calculated that harvest combines reduce employment 

http:traditior.al
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by 95 percent. NCAER (1976) presents a much more benevolent picture far powertillers-labour 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.H.H.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 offsetthis off-farm employment and in most cas, less than 5 percent reduction in farm
labour requirement will do it."

18. For instance, Raj Krishna (1975) carried out a decomposition exercise whichshowed that the negative effect of the tractor was much more than the positiveeffect of other factors. Joshi and others (1981) found a similar result. The sameconclusion has been drawn from a comparison of the farm management data forMuzaffarnagar district for 1954-55 and 1966-67. Not only per hectare labour inputfor individual crops decreased but so did the total labour input per hectare, andthat by as much as 15 percent. This is in contrast to the picture for the Ferozepurdistrict where labour input into individual crops decreased but where labour inputinto all crops taken together increased (by 29 percent according to the calculationsof 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 areaunder rice have already been brought under high-yielding varieties. The ratios aremuch higher in the Green Revolution areas-96 percent and 83 percent far wheatin Punjab and qarvana, respectively, and 87 percent for rice in Punjab.20. Receml, there has been talk about deceleration in fertilizer demand (forexample, Nagaraj, 1982). In our judgment, this is a serious mistake made throughmechanical interpretation of statistical data. It is true that the geometric rate ofgrowth in consumption of chemical fertilizers, as may be obtained by a comparisonof end-points, would be less than what is shown in t.ble 2.5 if one would considera period like 1967 to 1983. However, there is no reaso to attach a greater significanceto the geometric rate than to the arithmetic rate. As i-,ay be seen from table 2.6,the yearly increment of demand was much higher in 1959-60 to 1975-6 than preceding1959-60 and much lower after 1975-6.
21. Thus, imports of fertilizers have grown between 1962-63 and 1980-81 at theannual rates of 10.7 for N, 23.6 for P20 5 and 17.9 for KzO.22. Thus, naphtha production doubled between 1973 and 1983. Natural gasproduction 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 phosphategrew 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 thebuildup of nutrients in the soil with continuous application of farmyard manure.It has been seen that while farmyard manure is less effective than chemical nitrogenwhen applied alone, the combination of farmyard manure and chemical fertilizersyields 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 on, availableso from organic matters animallike dung,animal urine, human excreta, effluent and sludge. 
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25. According to official statistics of the Indian government, rural and urbancomposts 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 lessthan 1.5 million tonnes of NPK, compared to chemical fertilizers providing 6 milliontonnes of the same. In 1981-82 only 3.1 percent of gross cropped area was greenmanured. This may be compared with more than 33 percent of the same areareceiving chemical fertilizers. One of the appropriate technology innovationsrare 
accepted in much of the world for simultaneously improving the heat efficiency ofcattle dung as fuel and its nutrient efficiency as manure is the bio-gas plant Butwhile in China they have put up more than eight million such plants, in India thelatest figure available does not reach even ten thousand (see Ramaswamy, 1984).26. The Fertilizer Association of India commissioned the Indan Statistical Instituteto undertake a research project aimed at making future projections of fertilizerrequirements. A team headed by K.S. Parikh and T.N. Srinivasan analysed datafrom 31,000 fertilizer trials in farmers' fields, and the conclusions quoted in the testare 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 f.o.b. price.from the United States are higher than the f.o.b. prices from the Gulf countries;(2) how the free market transport cost from the United States is about four timeshigher than from the Gulf countries; and (3) how the transport in United Statesflag ships costs several times more than in other ships. Despite all this, importersfrom the United States are obliged to carry half the supplies on United States flag
ships.

28. According to an OECD estimate, foreign exchange fertilizer imports accountedfor about 14 percent of the net official and private financial flows from the aidgiving countries to the developing countries and the proportion of capital aid forthe fertilizer industry represented about 14 percent of the total aid given to thedeveloping countries for agriculture (OECD, 1968).29. The total subsidy on fertilizers in 1982..83 was estimated at Rs. 65,000 millions.And the accumulated subsidy between 1976-77 and 1983-84 was estimated at aboutRs. 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 ofagricultural commodities decreased between 1961-62 and 1973-74 by as much as 40percent. Even during the sharp rise of fertilizer prices due to the oil crisis the ratioremained 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 1910s inboth nitrogenous and phosphatic branches of the industry.32. These growth rates have been calculated from figures presented in differentnon-official publications like NCAER (1980) and CMIE (1982). We must ru.ort tothese sources as authoritative statistics (for which the source is Livmstock Census ofIndia) though they are extremely backdated.
33. Power tillers entered the scene only in 1965-66 with a supply of less than700 units from domestic production and imports. Production grew at a fast rateafter that and so did imports for some years. By 1974-75 the cumulative total ofmachines 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 millfeed grinder, groundnut digger, groundnut decorticator, potato harvester, potato
planter, dryer, seed cleanei, thresher, mounted pumping set, loader and lifter,
sugarcane planter, sugarcare 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 "aprovedimplements 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 scopefor 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 1979-80, as much as 31,000
was the share of the East-European collaboraters and 40,000 that of Western 
countries; the remaining were idigenous.

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 area potentially irrigableis 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 forpeninsular 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 value added per hectare of net irrigated land was more than fivetimes 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. Alsoabout 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 universalfact. 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 tothe 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 ccrfugal pump
in 1975. 

52. Electricity is cheaper than diesel on both capital and current accounts andthis Isso even when one takes into account that a diesel pump can be made mobile 
so as to singly serve several tubewells at the same time. However, dependence ofelectric pumps on the erratic supply of power has made the more costi, alternative 
more popular.

53. Research is being carried out for the manufacture of solar energy chargedcells for irrigation pumps. India is ahead of other Third World countries in thisfield, 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 importantly in the reportsis 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 clcse!y familiar with the problem
at hand to treat our version of foreign influence as exaggerated. It is no doubt truethat Indian intellectuals, no less than Indian politiciazis, suffer from a deplorable,though understandable, tendency of blaming the country's ills on imperialism. It isprecisely the truth of such cases as that of 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 theneed 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 JointIndo-Ametican Team on Agricultural Research and Extension (1960), theandCommittee 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
 

1981-1982 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. 75.7 24.3 25.7
 

U.S.A. 23.5 	 11.9
10.2 	 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
 

Units: 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 Statistics (1982-83), 
National Comnission on Agriculture
 
(1976), NCAER (1980).
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Table 2.2
 

Intensity of Use of Modern Inputs
 

Item 
 Unit 
 Reference
 

Period 
1 2 3 4 

Area under HYV 
Paddy 
Wheat 
Jowar 
Bajra 
Maize 

Total 

percent of 
griss cropped 
area 

41.7 
70.2 
19.0 
25.8 
23.4 
38.1 

1978-79 

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*
 

number per 
 2.5 1979

1000 hectare
 

Electricity 
 kwh per 1000 100.8 1982
 
hectare
 

as-ticid 
 gm per hectare 377.1 
 1981-82
 

N+P+K 
 kg per hectare 31.6 
 1981-82
Area fertilized percent of gross 
 33.8 
 1976-77
 
cropped area
Farmers using 
 percent of all 
 45.2 
 1976-77
fertilizers 
 farmers
 

Note: 
 In some cases the figures are somewhat backdated because
later estimates that are available are marked as
provisional. 
For instance, the percentages of Area under
HYV will be more by about 5% for most of the crops if one
takps the provisional estimates for 1980-81.
* "hectare",here and below refers to gross cropped area. 
Source: 
 Fertiliser Statistics (1982-83), CMIE (182), Indian


Agricultural Statistics (diffarent volumes), 
NCAER

(1979) and NCAER (1980).
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Table 2.3 

Growth of Modern Inputs 

(percent per annum) 

Item Growth Rate Reference Period 

1 2 3 

Machinery inuse: 

Tractors 15.1 1951-79 

Tube-wells 23.9 1951-78 

Oil 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 1961-79 

By Canal 2.1 1951-79 

Improved Seeds: 

Area under HYV 23.4 1967-82 

Source: For tube-wells, Dhawan (1982). 
 For the rest of the items, see
 
Table 2.2.
 



Figure 2.1 Index level of agricultural production 
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Figure 2.2 Index level of food grain production 
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Figure 2.3 Production of wheat: Punjab and Haryana 
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Figure 2.4 Production of Wheat: U.P. 
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Figure 2.5 Production of rice: Punjab and Haryana 
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Table 2.4
 

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

Large/small Large/medium 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 (19 73a).
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Item 


1 


Capacity 

Production 

Consumption 


P2 05
 

Capacity 

Production 

Consumption 


0*
K2


Consumption 


Production 

Import 


Rock-Phoshate
 

Production 

Import 


PoshosphricAcd*
 

Produ
ction 


Import 


Sulphur
 

Production 


Import 


Table 2.5
 

Growth of the Fertiliser Industry
 

(annual compound rates)
 

Percent per Year 


2 


21.7 


16.7
14.8 


10.7 

16.0 

18.7 


19.8 


6.8 

-6.9 


12.6 

6.2 


9.4 


30.0 


4.6 


6.9 


Period
 

9-8
 

195-83
1952-83
 

1951-83
 
1952-83
 
1952-83
 

1953-83
 

1974-83
 
1976-83
 

1970-83
 
1970-83
 

1974-83
 

1974-82
 

1970-78
 

1969-83
 

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

Source: Fertiliser Statistics (1982-83). 

3 
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Table 2.6
 

Linear Rates of Growth of Fertilizer Consumption
 

(thousand tonnes per year)
 

N P20 5 K20
 
!I 

First Period 
 29 
 32 
 2.4
 
Second Period 
 116 
 200 
 36.0
 

Third Period 
 300 
 550 
 56.0
 

Note: 
 1st Period 	1950-51 to 1959-60 for N and P205
1950-51 to 1963-64 for K20
 

2nd Period 	1960-61 to 1975-76 for N and P205

1964-65 to 1974-75 for K20
 

Source: Fertiliser Statistics (Different Volumes).
 

Table 2.7
 

Annual Rates of Fertilizer Price Increase
 

(percent)
 

Item 
 1967/1969-73* 1973-74 1974-83
 

FertilizerProduct
 

Urea 
 3.8 

Ammonium Sulphate 	

90.5 0.8
Di-ammonium phosphate 
 1.8
2.4 68.5 8.2
25.1 
 2.3
Huriate of 	Potash 
 6.4 82.1 -


Fertilizer Raw Material
 

Naptha 

88.0 14.8
Sulphur + 


Rock-phosphate 71.0 7.2
 
39.0 
 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 imported

for thd fertilizer industry.
 

Source: BICP (1979); 
Fertiliser 	Statistics (1982-83).
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Table 2.8
 

Product and Feedstock Composition of the Fertilizer Industry
 

Item Percentage of Capacity
 

1963 1973 1983
 

1 2 3 
 4
 

Nitrogenous Products
 

Amonium 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 Oil 
 NA 4.4 24.9
 
Natural Gas 
 M!A 2.3 13.9
 

Source: Fertiliser Statistics (1982-83).
 

NA: Not available.
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Table 2.9
 

Role of Imports in the Fertilizer Industry
 

(percent)
 

Share 	of Domestic
Item 
 2roduction in 
 Year
 
Total 	Supply
 

2 


N 

50.1 
 1951-52
 
73.4 
 1981-82
 

P20 5 
 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: Fertillser Statistics (Different Volumes).
 

3 



Figure 2.7 Availability and production of tractors 
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Table 2.10
 

Share of the Private Sector In the Fertilizer Industry
 

(percent) 

Year In Cumulative In Cumulative 
Investment Capacity 

N P205 
1 2 3 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: Fertiliser Statistics (1982-83).
 

Table 2.11
 

Stock of Tractore 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
 
raference period for tube-wells; the
 
years 1966, 1972 and 1979 are the
 
reference years for tractors.
 

Source: NCAER (1980); 
Dhawan (1982).
 



Figure 2.8 Net area irrigated by source 
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Three 
Irrigation in Bangladesh 
Stephen Biggs andJon Griffith 

I. INTRODUCTIONIn recent years there has been an increasing interest in the developmentand promotion of appropriate technologies. This has led to the establishmentof appropriate technology institutions in developed and developing countriesand 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 needto be used to define what is appropriate technology for any particularphysical and socio-economic situation (Stewart, 1983). More specifically, forour analysis this involves that equipment which: 

i) istechnically viable. For example, it works and does what it issupposed
to do;ii) uses ,-sources efficiently from a national point of view;iii) is relevant to the priority problems of a specified group of poorpeople in a rural area. 

Sometimes the proponents of appropriate technology claim that suitabletechniques exist but that their spread is hampered by the lack of supportivegovernment policies to change institutions, relative prices, credit, and soon. On other occasions it is said that appropriate techniques do not existand that new research and development is needed. In many situationswhole range of reasons ais involved. Generally, however, some factors arefar more important than others. In this paper we identify the major factorswhich led to the diffusion of an appropriate technology in Bangladesh, andthe room for manoeuvres in government policy for its promotion in thefuture.Our case study focuses on the changing character and effects of irrigationpolicy 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 dkicribution 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, Li 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.2 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 factions in aid agencies have
promoted or obstructed the promotion of irrigation technologies in Ban
gladesh in recent years. The ntudy 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. Foodgrain 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 intensive 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 case where labour is relatively
abundant, while land and capital are scarce. Or.i! would expect, therefore,
that irrigation policy would follo, 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 polcy favoured large-scalecanal schemes, such as the Ganges-Kobadak and the Demra projects, whichIncreased wet ;zason production by flood protection and supplementaryirrigation. Minor irrigation received little attention, and traditional methods 
were ignored although they contributed most of the irrigated area 4 Afterindependence, higher priority was given to minor irrigation, with dieselpowered units such as the Low-Lift Pump (LLP), the Deep Tubewell (DTW)and the Shallow Tubewell (STW), with command areas ranging from 10to 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 watercontrol and the "Green Revolution" package of inputs. The minor irrigationapproach attracted donors because of the expected rapid impact, in contrastto the slow and disappointing results of the large-scale schemes (Hanratty,
1983).


Minor irrigation has therefore expanded rapidly since 1971 
 with stronggovernment and donor support for mechanized units. The initial policyfavoured Low Lift Pumps and Deep Tubewells, each with a water dischargeof two cusecs (60 litres/second) having a theoretical command area of upto 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 bythe govei nment 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. On the other hand, there
has been no government intervention and support to encourage the traditionalirrigation methods. The area covered by these labour-intensive methods hasdeclined because they have been replaced by power pumps, or becauseneighbouring power pumps have drawn down their water resources.

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

It is evident from table 3.1 that the policy commitment favouringmechanized minor irrigation has been successful in achieving a significantincrease area.in irrigated However, once again, the traditional labourintensive irrigation methods have been ignored. For example, while therehave 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, collected 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 coverue 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 providt- concern for two 

reasons. Firstly, it raises questions about the efficiercy of government 
investment policies. Could the area of irrigation 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 te.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 employment. 

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 Tubewell for Irrigation, or MOSTI. This 
is not a traditional method, but an indigenous innovation first reported in 
1975. Since 1.976, there have been three donor-funded projects to market 

a planned irrigationmad promote a total of 430,000 MOSTIs, to achieve 
coverage of 150,000 acres (6,000 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 
unrealistic planners. 

III. 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. By 1971, the Department of Public Health and Engineering 
(DPHE) had installed 125,000 public drinking water wells, and an even 



78 

Stephen Biers and Jon Gri.6ithlarger number were privately installed and owned. More than fiftyfoundries manufactured the cast iron hand-pump, and the well-pipe andstrainer were both fabricated within the country.5A private drinking water well at the homestead is 

local 

status a convenience and asymbol. A national network of distributorsthis market, and there is also an 
and retailers supports

and wells. informal market for second-hand pumpsThe well ainking is per&,rmed in amechanics, using the manual day or less by tubewellsludger method which requires only handtools and three workers. These tubewell mechanics are fbund throughoutthe country, and they are employed as contractors in the government's ruralwater supply prcogramme, which has installed 50,000 new public drinkingwater wells per year for the last decade. The number of hand-pump tubewellsin Bangladesh is estimated to exceed one million as shown in table 3.2.The public drinking water wells, installed by the DPHE with assistancefrom UNICEF, have an average depth of 35 metres. They now use importedplastic well-pip-, and strain!i,; which are cheaper than the traditional galvanizediron components. The irrigation MOSTI wells, however, cannot use plasticpipe because the well is extracted from the ground each season to protectit from theft and because re-sinking improves the watercost of galvanized iron cipe means yield. The high 
are economically feasible. 

that only very shallow irrigation wells'I eir average depth L 12 metres. Intensive MOSTIuse is thus restricted to those areas of the country where the geology offersa good aquifer at a very shallow depth.Private drinking water wells may usepipe, and most use either galvanized or plastic wellthe same cast iron hand-pump. A MOSTI can be resunk at the homestead for drinking water in the off season. Similarly, publicwells have been iicitly diverted to irrigation, and private drinking waterwells may be re-sunk for irrigation by their owvners, or re-sold for thatpurpose.
This c1,ial usage of privately owned wells 
 has reduced theinstitutional MOSTI sales programmes and subsidies (see section IV). The
dual usage also makes 

impact of 

hazardous any estimaiiion of the total number ofMOSTIs in use.There has been only one national censu&, of MOST! usage, conductedby UNICEF in 1976 shortly after MOST. weresurvey it was first reported.6 From thisestimated that there were 40..0O MOSTIs in use, of whichslightly more than half were irrigating an average of 0.45 acres of rice, andthe remainder were irrigating an average of' 0.64 acresNinety-seven percent of them used 
of dry-land crops.

12 metr'e., or less of well-pipe.The initial crop selection by most opera'torsthe most common was HYV winter rice, andassessment of labour requirementcould pump enough water was that one manfor one-third of an acre of this crop. Winterrice requires irrigation for about three months. Commonly, two men sharedthe work of irrigating a larger area, and thethree men working shifts highest rate witnessed wasfor one acreregimen was of rice. A man's usual workingpumping 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; women 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 foi the pump in case of a break-down. These
items are available at local weekly markets in intensive MOSTI areas, andthe operators do all the pump repairs themselves. If the problem is
clogged strainer, the owner 

a 
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 rateof 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 MOSTI,
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 listedin 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 MOSTI.
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
MOSTI; 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.7 It is thc composition and level of running
costs that make the two techniques differ so significantly. Unskilled labour
inputs (line 12) for the STW are estima:ed 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 fuel; 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 MOST! appears to be inferior, both they and theST s are spreading rapidly in Bangladesh. The reasons for the adoption
of MOSTIs deserve emphas's:

1. The dual labour market. A farmer who has the choice either of leavlghis land idle, or of hiring labour to operate a MOSTI, would have to paythe market wage .o the labourers. On this basis, cultivation with MOST!irrigation is not financially attractive to a poorer family who must chooseeither 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 tomanual pumping is far lower than the daily market wage, the gross returnto manual irrigation still exceeds the available wage earnings labourersas 
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 farmermight be debarred by lack of the required collateral, or the limited fundsavailable might be pre-empted by his more influential neighbours.3. The effects of scale. The STW is attractive, on a per acre basis, if itsfull irrigation command of about 10 acres can be achieved. However, it israre in Bangladesh for any farmer to own a block of land of this size, soprofitable operation depends on collaboration between neighbours. Whetherthe owner sells water to his neighbours, or whether the well is communallyoperated, there are hidden management and transaction costs which canbe considerable. The MOSTI operator does not face these costs becausethe scale of the technology is smaller and is compatible with the exLstlng
fragmented pattern of land ownership.

4. The effects of complementary inputs. Thz operation of the STW dependson the provision of fuel, lubricant, spare parts and maintenance services.Although the distribution of these inputs is improving, there is a risk thatany one might become unavailable, or that a monopoly supplier might
demand extortionate prices. The MOSTI, being older and simpler, requires
fewer complementary inputs, which 
are more widely available to the user.5. The liquidity of the investment. Because the MOSTI may be cheaplyand simply extracted and re-installed, it can be re-sold if the owner facesany unforseen crises. Once the STW is sunk in the ground, its withdrawalis technically complex and risky. The diesel engine and pump from a STWmay 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 economicand organizational characteristics which make them more or less attractiveto differecnt economic strata of the rural population. The Shallow Tubewellis more accessible and profitable to large farmers. The MOST! is moreprofitable 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 thisbasis, one would expect national planning to be indifferent between them. 
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In addition, if we look at the economic costs of running the two machines, 
we would expect government policy to be directed towards the MOSTIs 
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 national policy which prefers the Shallow Tubewell to 
the MOSTI: (i) is inefficient as regards the best use of scarce natural 
resources and (ii) supports the interests of larger farmers rather than the 
welfare of the poor." 

IV. THE MOSTI PROGRAMMES
 
Although farmers have recalled using MOSTIs as early as 1966, 
 it was 
almost 10 years before the innovation attracted any official attention. In
1974 a flood caused famine in die ncrth of the country, and in the subsequent
dry seasin there was a significant increase in MOSTIs, concentrated in 
areas where the MOSTI was previously known. In 1975, reports reached 
the capital that public drinking water wells were being st.olen, and in 
Jamalpur, cooperative societies requested the government to provide wells 
for irrigation. 

The Integrated Rural Development Programme (IRDP), governmenta 
agency promoting development of farmers' cooperatives, responded to this 
request, a3 did UNICEF By the end of 1975 UNICEF had arranged funding
aad materials, nd 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 procurmnent and
manufacture were simply exanded to provide additional MOSTI units. All
materials were procured by UNICEF, lrgely 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 programne were to expand the use of MOSTI across
the country, to increase food production, and to increase the income of
families ovrning three acres or less by the provision of MOSTI on credit
sale. The programme was focussed on those thanas where a fresh-water 
aquifer was available within a depth of 12 metres, and where a TCCA had
been ectablished 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 t.eTCCAs. This price implied a small subsidy on in-country management andlogistic costs, but the absence of taxes and duties meant that the sets wereconsiderably cheaper than the current market rate. This price differentialwas significant for galvanized iron pipe, which is taxed at almost 100 percentin the market, but was tax-free within the programme.
The programme was funded by foreign grants contributed throughUNICEF. The intention was that higher purchase repayments accruing toIRDP 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 Administrationin 1979 (Miyan, 1980). The evaluation concluded that 71 percent of thesales were on credit, but that only 43 percent of the sets sold werefor irrigation. The average cultivable 

used 
land-holding of purchasers was 3.89acres. At the time of the evaluation, 85 percent of the final credit repaymentswere 10 months or more overdue. However, repayments subsequentlyimproved to over 90 percent at field level (World Bank, 1981).

The second MOSTI programme was sponsored by USAID, who signeda credit agreement with the Planning Commission in 1976 for $14 millionto produce 240,000 hand tubewells. Initially the programme was impossibleto implement because no local agency could be found to handle theprocurement and distribution of the materials. The state agency responsiblefor minor irrigation, the Bangladesh Agricultural Development Corporation(BADC), was strongly committed to mechanized methods and was reluctantto promote MOSTI. However, in 1978 BADC became the lead agency forthe USAID programme, but further delays occurred in procurement.9Distribution 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 missionin February 1982 (Friedkin, 1983). At this time 104,000 hand tubewells had
been sold, and the programme 
 had been reduced to 160,000 sets becauseof cost escalation. The evaluation that credit sales had been verystates 
disappointing, explaining that this was due to red tape and to the reluctanceof the banks to handle small credit applications. The average land-holdingof 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 loanof $18 million for 180,000 hand tubewells to be distributed from 1981/82to 1983/84. This programme was similar to the first programme except thatprocurement, formerly done by UNICEF, was now the agreed responsibilityof DPHE. Sales were handled by the TCCAs, with provision for mediumterm credit for 90 percent of the units. The sales price included all costs,but taxes and duties were excluded. 



83 Irrigation in Banjadesh 

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
Admin !.tion. 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 market. 

In the earlier analysis, it was suggested that manual 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 MOSTIs 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 programme MOSTIs, there is a dual price
structure: the o'en 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-empt the supply of subsidized goods, rz
sell them to the poorer users, and appropriate the value of the stibsidy to
themselves. The existence of subsjdized marketing programmes may also

deter private producers from investing -esources in order to enter 
 the
market. Thus the effect of subsidies in this cntext 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 rpoair-do not ne,.essarily suit it to
irrigation, where efficiency and high yield are more important. It is thus
reasonable to believe that research and development could prc-uce pumps
better suited to irrigation.

Some research and development was conducted in the UNICEF pro
gramnme, and a low-cost irrigation well strainer was developed. Several fareign
voluntary agencies have also bee-n developing new irrigation hand-pumps
and wells, which have now achieved some market success, but this type
of initiative has received little state 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 swiag 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,
because it is possib!e to monitor and control the ranufacturing and
distribution processes in the formal and state sectors of the economy.'0 

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 districto 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 for small farmers. It
is possible thp.z 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 rcher farmers. 

V. POLICY ISSUES 
This chapter has suggested that the rural poor would have benefited more
if policies favouring labour-intensive irrigation had been given higher priority.
It hos been argued that the MOSTI is an example of an appropriate
technology, which is appropriate not only from the growth point of view,
but also from the standpoint of contributing to equ .table 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).13 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 
lazourer organizations for owning and/or managing capital intensive irrigation
machines (Wood, 1984). 

National Irrigation Planning 
Table 3.6 ahows the actmal 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 --- astries 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 
MOSTI 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-intensiveirrigation techniques, and the very limited inter-disciplinary research involvingengineers and social scientists, means that there is a whole area of activitywhich could be explored for the improvement and development of appropriate
technology.

Although it is difficult to predict the actual growth potential of this typeof innovation, improvements to the traditional methods may offer returnsby expanding an already large irrigated area. As in the case of MOSTI, asmall increase in technical performance may make the technique applicable
over a much larger geographical area. For instance, if the lifting height ofthe dhone could be doubled from four to eight feet, its potential national
command area would be more than doubled. While the potential benefitscould be large, the major costs involved would be the funding of researchprojects. 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 potentialreturns should justify such ventures. Because appropriate hand-pumps mustbe cheap and simple, it is unlikely that private business would be attractedby the potential profits, and so the research must be sponsored by thestate. There are now local institutions competent to conduct appropriatetechnology research, as has been demonstrated by projects at the MirpurAgricultural Workshop, the Rice Research Institute and the University of
Engineering and Technology.

The past failure by government and aid agencies to sponsor such researchmust be ":uted to the strong bias favouring mechanized irrigation. Tosome exte-.., .-s is due to biased attitudes: machines are mode'n, andhand-pumps old-fashioned; machines will release people from toil. Yet theseattitudes are conditioned by one's position in society. The poor, who dependoa manual toil for their daily survival, have had little impact on nationalpolicy. 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 forengineering R&D priorities to be geared more towards national development
criteria. 

The Policies of Aid Agencies
Foreign donors, who provide almost the entire development budget, prefermechanization because such formal sector projects are amenable to theiradministrative and financial procedures (Thomas, 1975), and because themachines 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 implementation
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 implement 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 ;magine 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 it 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 andother theories concerning the generation and diffusion of agricultural technology, 
see Biggs and Clay, 1983.

4. Minor irrigation projects command of less onehave areas than 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 thepopulation 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 MOSTI.

However, because taxes and duties are higher on MOSTI components than onSTW components, the economic cost of the MOSTI is lower than that of the 
STW. The imported fuel used by ST\Vs is subsidized. 
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8. Some economists might argue that it is better fur richer households to getthe surplus as their propensity to save (and then invest) Is higher. However, thereis Increasing evidence (Yunus, 1983) that the poor save as much from curren. incomesas richer households if they have access to viable ar.i reliable institutional credit 
services. 

9. It is not known why BADC reversed its stand. At this time BADC held amonopoly in the distribution of subsidized agricultural inputs for which there w_,generally a good demand and, in some cases, ,i black market. The MO"TI projectcertainly involved considerable work in a new field, but perhaps BADC ofhidls alsofelt that it would not be attractive to their existing client group, or there wouldnot be the same opportunities for patronage as in their existing programmes. Itmay also be significant that the BADC is res, 'onsible 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 preference of foreigndonors 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 subsidieson this amount have now been eliminated. RDRS still pays part of the artiz n'sinstallation fee of about US$3 
1984 

to ensure quality control. Total sales up to Augustare 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-fundedMOSTI projecct. The government may not have quite the same procedural difficultiesin dealing with the informal sector, but the fact that more than three-quarters ofthe development budget is provided by foreign aid gives the donors great influencein project selection and technology choice (de Vylder, 1982: 39-61).13. Illustration of the wider applicability of this diagram are given in Biggs, 1982

& 1984.
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3.1Table 

IRRIGATION IN BANGLADESH
 

Area irrigated
 

(in thousands of acres)
 

-
........
------..-----------Method - 170 -pla 1975/6 1980/1 /-----
1ethod1960/1-1 


.--------------_--..--


MECHANIZED: 110 200 1,000 

Large Scale Systems 
Low Lift pumps (LLP)Deep Tubew2l (DTW) 

Shallow Tubewells (STW) 

Sp, ootal 

7200 
0 

70 

90 

850 

1,313 
152 

31 

1,606 

1400 
550 
20 

220 

2,370 

2,000 
1,500 
1,600 
100 

6,100 

MANUAL: 1,000 

Traditional Methods 
Hand Tubewells (MOSTI) 

940 
0 

940 

1,340 
0 

1,340 

1,000 
20 

1,020 

1,200 
60 

1,260 

10 
150 

1,150 

TOTAL 1,010 2,190 2,626 3,630 7,250 

Percentage of total 
arable land (a): 5-- 10% 

12%
12. 

16%1. 3 

data not available
 Notes: 
 22.5 million acres
(a) 

(1976: 144).
 

& 1969/70: adapted from Ahmed 
1960/1
Sources: 14, 17).
1975/76: adapted from Hanratty (1983: 

adapted from Howes 

(1984: 4) citing
 

1980/81 and 1984/5: 

Medium Term Food production 

Plan 12.28.
 
GOB: 
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Table 3.2 

NUMBER OF HAND-PUMP TUBEWELLS IN BANGLADESH 
(1983 e3tinates) 

Public Drinking Wells 600,000
 
Frivate Drin;ing Wel!s 300,000
 
Private Irrigation Wells 200,000
 

Total 1,100,000
 

Sources: Baumann & Fuller, .984: 6.
 

Table 3.3
 

COVERAGE OF TUB-IVIELLS
 

1975/76 1980/81 1984/85
 
Method (Actual) (Actual) (Target)
 

SD&LLOW TUBEWELL
 
Number of units 5,179 23,400 130,000
 

6.0 9.4 12.3
Accen per unit 
Total acres 31,000 220,000 1,600,000
 

HAND TUBEWELL - MOSTI
 
Number of units 40,000 120,000 500,000
 
Acres er unit 0.50 
 0.50 0.53
 
Total acres 20,000 60,000 150,000
 

Sourcess Data for 1975/76 are from Hanratty (1983: 14,7). other
 
figuLes are cited by Howes (1984:4) from various government
 
publicaticns.
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Table 3.4
 

CHARACTERISTICS OF TUBEWELLS
 

Shallow Tubewell 
 MOSTI
I. Pump type 
 Centrifugal pump 
 Hand-pump

2. Power supply 
 Diesel 5-7 HP 
 Manual
 
3. Wel.l pipe: 


G.I. pipe 
 G.I. pipe
Diameter: 

75 - 100 mm
4. Well depth 	 40 mm
 
15 - 45 m 
 8 - 20 m
5. Discharge 


200 - 300 GPM 
 8 - 10 GPM
 
6. Purchase cost* 
 Tk. 30,000 
 Tk. 1,750
7. Installation cost* 
 Tk. 2,000 
 Tk. 50

8. 
 Total investment* 


Tk. 32,000 
 Tk. 1,800
9. Irrigation area* 
 10 acres 
 0.5 acres
 
10. 	 Investment cost/acre* 
 Tk. 3,200 
 Tk. 3,603
11. 
 Fuel & maintenance 


Tk. 
 600
Tk,/acre/season* 
 Tk. 300
 

12. Unskilled labour 
 8
days/acre/season* 

160
 

13. Labour Costs 
 Tk. 80
 
Tk./acre/season 
 Tk. 1,600


14. Total running costs 

Tk. 
 680
 

Tk./acre/season 	 Tk. 1,90o

* Average estimates; prices 
are estimated for the 1983 dry season,
including taxes and subsidies. 
 (US$l=Tk.25)
 

Table 3.5 
THE UNICEF - IRDP MOSTI PROGRAMME 1975-79
 

Year 
 Target 
 Sales
 
1975/76 
 10,000 
 9,200
1576/77 
 20,000 
 22,000


30,000 
 30,100
1978/79 
 30,000 
 26,450
 
Tot----- ------


Total 90,000 
 87,770
 

http:US$l=Tk.25


Figure 3.1 Technology policy determinants diagram:
 
Manual irrigation in Bangladesh
 

COMMERCIAL INTERESTS AID AGENCIES 

5a. Consultants ,UNEF
5b.~~'1 Maufcurr ICU IC
5b. Manufacturers lb. USAID MOSTI programme


5c. Contractors 
 \ Ic. USAID STW programme
 

DEVELOPMENT & DIFFUSION OF
 
LABOUR-INTENSIVE
 

IRRIGATION TECHNIQUES
 

RURAL INTERESTS 
 GOVERNMENT AGE-ICIES
 

la. Richer Farmers 7 2a. Agricultural DevelopmentCo. 
lb. Poorer Farmers / 2b. Water Development Board
 
Ic. Landless /. I.R.D.P.
 

LOCAL R&D INSTITUTION
 

3a. Bangladesh University 3b. Rangpur & Dinajpur
 
of Engineering & Technology Rehabilitation Service
 

Note: The width of the arw indicates the relative strength of a
 
specific institution or interest group. A positive influence is
 
shown by a solid arrow 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)
 

et-------------------------
Method 
-- --------- - -------- - -1969/70 -------1980/81 --------Increase 

Area (%) Area (1) 
MANUAL METHODS 

Traditional 

MOSTI z 
Subtotal : 

1,340 

0 

1,340 (61) 

1,200 

60 

1,260 (35) 

-(140) 

60 

-(80) 

MECHANIZED METHODS : 850 (39) 2,370 (65) 1,520 

TOTAL 
 2,190 (100) 
 3,630 (100) 1,440
 

Sources: 
 See Table 3.1
 

Table 3.7
 
IRRIGATION TECHNOLOGY POLICY
 

PAY-OFF MATRIX
 

positive benefits: 

negative benefits: 

++
 

Distribution of Benefits
 

Interest Groups 	 Mechanized Manual
 
Irrigation 
 Irrigation
I. 	 International Aid Agencies 
 ........---...---
.
2. Irrigation Departments ...
3a. Mechanized R&D projects 
 +++
3b. Appropriate R&D Projects 


4a. Large Peasants 
 ...
4b. 
 Small Peasants
 
4c. Landless Peasants 

4d. Rural Artisans/Workshops +
 

+

Sa. Installation Contractors 

+++
 

Sb. 
 Equipment Manufacturers 
+++
 
+++ 

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

Bart Duff 

I. INTRODUCTION 
Threshing is the final 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 (labour, land and 
capital) have produced it, including thos e 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 old--r 
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 community, alternative employment oppor
tunities, and the strength of established kinship relatiomships 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 effectsmechanical thresher on farmers, hired labour ani, through backward linkages,on employment and income 
of the 

in the nonagriculturalevaluation of the financial sector. Included is anprofitability of the thresher and how this hasbeen affected by changing resource
the stock of machines and 

and product prices, utilization levels,the institutional arrangements for contract
services.A third section examines policies and public sector programs which haveaffected acceptance and diffusion of the axial flow thresher. In addition togovernment intervention, we also examine the resource commitment by theInternational Rice Research Institute and attempt to evahuate the benefitsfrom this investment in engineering design and development activities. 

II. STUDY DESIGNTo evaluate the adoption patterns and the farm-level impact of the axialflow threshers, field surveys of thresher owners, users and non-users wereundertaken at two sites in the Philippines and two sites in Thailand (figure4.1). A total of 370 farmers were included in these studies. A broad profileof the respondents is given in table 4.1 In addition to farmers, a surveyof 64 landless workers involved in threshing operations was conducted inthe Philippines (Ebron and others, 1985). These special surveys weresupplemented by interviews with thresher manufacturers (Mikkelsen, 1984),reports obtained from engineers (Khan, 1983; 1985), financial institutions(Reyes, 1985) and national and international organizations actively supportingagricultural engineering design and development activities. 

II. DEVELOPMENT OF THE AXIAL FLOW THRESHER 

IRRI Machinery ProgramBeginning with special project funds in 1967, engineers at the InternationalRice Research Institute (IRRI) focused on the design of equipment specificallytailored for small rice farmers (Duff and others, 1981). The rationale forsmall, low-cost farm machinery was that private firms in most rice producingcountries lacked viable designs toand the resourcesaddition, it was felt that the 
develop them. Inabsence of suitable patent protection andincentives to invest in research and development activities made it unlikelythe private sector would produce such designs in the short and medium 

run.
The fabrication of simple farm equipment in Third World countries iscarried out by small and medium-scale companies, usually servicing a verylocalized 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 effirts out of touch withare 
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 modem 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). IRRI's 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 the initial target market.were 

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.2 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. 



98 Bart Duff 

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 conventionJ threshingconcepts. In 1970, the investigation shifted to the axial flow principle (figure4.3) which offered two distinct advantages over conventional concepts: (1)the machine could effectively handle wet materials; and (2) the spiral movementof material along the axis of the threshing drum produced a vigorousthreshing action with extended exposure and a high separation efficiency.The concept also resulted in a compact mechanism requiring no complexparts or special materials (Ilyas, 1980). The axial flow concept appears tohave originated in Japan (Kishida, 1985), although variations on this principlehave been used for rice milling and cleaning equipment for many years andhave more recently been extensively adapted for large combine harvestersin the United States, Canada, Australia and Western Europe.A finished design was released to Filipino manufacturers in 1974. Thiswas quickly modified and multiplied and, after a short period of debugging,rapidly became a major commercial product.The initial model had a capacityof about one ton per hour. It was mounted on rubber tires and was normallypulled to the threshing location by jeep or water buffalo (figure 4.4a). Aftera series of field studies in Central Luzon, the need for a lighter, moremobile unit for easy access to interior fields was identified and a portableversion (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.finements have been incorporated Re

to improve cleaning and separationefficiency, increase capacity (Mongkoltanatas, 1985), extend utility for threshing wheat and corn (Khan, 1985), and tailor manufacturing requirementsfor local capabilities (Reddy and others, 1985b). By 1985 over 200 manufacturers in 18 countries entered production with the axial flow design. 

IV. DISSEMINATION 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 whichenumerate the production and sale of threshers produced by cooperatingmanufacturers in several countries. These data underestimate the real volumesold because the design freely copied bywas numerous firms having noformal association with the IRRI program. It is estimated that this undercounting 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 designin the Philippines and, with a lag of about one year, in Thailand. Salesrose steadily in the Philippines and Thailand until 1982 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 investment 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 
Manufacturerm 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 1985.1 The number of 
firms participating in the IRRI program in Thailahid 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 Central 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 machines 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
quirements, 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 betweenthe portable machine (found principally on Panay Island) and the largerversion which is widely used for contract work in Central Luzon and Laguna(figure 4.6). A few portable machines were acquired in Laguna, but principallyby individual farmers whose highest priority was threshing their own crop.Contract work was a secondary consideration (Bordado, 1984).IRRI introduced the portable axial flow thresher1976 (Juarez and others, 1981). In this 
to Iloilo province in area all threshing had been doneusing a traditional foot treading method. Introduction of the improvedvarieties, followed by the development of irrigation set the stage for themechanical thresher (figure 4.7). Use of the new varieties in Iloilo increasedboth yields and incomes, thus raising the investment potential of farmers.Irrigation permitted double cropping which tightened the time constraintbetween crops and raised incomes further. Similar to the pattern fbund inLaguna, portable thresher owners in Iloilo were individual farmers whosefirst concern was using the machines on their own farms.In villages where machines were purchased, adoption rates were rapidand nearly complete. Since 1978, off-farm use for contract services has alsobecome important in Iloilo. Thresher owners in Iloilo, Laguna and CentralLuzon all used their machines in custom threshing operations (figure 4.8).Portable machines were used for contract work less than the larger units.In the Philippines, almost all threshers were produced by a relativelylarge number of small firms selling in a localized regional market. By theearly 1980s, manufacturing the larger axial flow threshers was in the handsof 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 (Pathnopas, 1980). Adoption by farmers
was also rapid. The Thai market was exclusively for larger unitswere whichused almost entirely for contract work (Krishnasreni, 1981; Mongkoltanatas, 1985). The smaller portable version was tried in 1977 but not
accepted. Instead, manufacturers increased 
 the size and capacity of thethresher until output capacity was three to four times that of the originaldesign. Because most threshing isdone on a contract basis, improved mobilitywas also a major aim of the adaptation process. Today the threshing m.chanismis often mounted on the chassis of a second-hand truck or car to permitrapid movement over appreciable distances.By 1975, farmers in Thailand had already widely adopted two and fourwheel tractors for land preparation and low-lift pumps for supplementalirrigation (Sukharomana, 1984). Spread of the high yielding varietieshowever, limited largely because of poor 

was,
grain quality, a factor of greatimportance in the Thai export market. Rice farms in the Central Plain ofThailand also were 

there was 
larger than their counterparts in the Philippines, andcontinued growth areain the 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 fariners (table 4.1), although 45 percent of 
the Tha. 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. 

Utilization of Threshers 
While data are not 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 increased steadily in the Philippines except in 1.978-79 when 
fuel prices rose significantly. Use levels for portable thresherr° have remained 
nearly constant, reinforcing the earlier observation that portable machines 
are used primarily for thre!,hing the farmer's own crop, with contract work 
a subsidiary consideratioi. 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 AND LABOUR
 
In developing countries, an important policy objective is providing sufficientagricultural employment to absorb the growing number of people living inrural areas. !tlapid adoption of threshing machines could critically affectemployment opportunities for several reasons. Threshing is one of the mostlabour intensive operations. Furthermore, it is usually carried out by hiredlabourers who belong to the poorest segment of rural society-landless andmarginal farm households in the Philippines.

Payment for threshing has traditionally been harvest shares. This enabledlandless labourers to participate to some extent in the benefits of yieldincreases accompanying the diffusion of the new rice technology. Theadoption of threshing machines could therefore seriously reduce the employment and earnings of landless labourers. On the other hand, theoretically,threshers could have a positive effect on employment by reduing turnaround time and thereby increasing cropping intensity.Field research in Thailand and the Philippines does not support theclaim of higher cropping intensity or reduced turn-around time. Croppingintensity primarily depends on irrigation and water control. Intensive fieldstudies by Toquero and others (1985) support the findings of Juarez (1984)on the lack of intensity effects from mechanized threshing (table 4.4). Whilefarmers using threshers complete their threshing earlier, they do not plantthe following crop before others in the some village. Time of planting isclosely related waterto availability and the need to synchronize
minimize problems of rodents and pests.

cropestablishment with others to 
Manual harvesting and threshing require approximately 30 labour daysper hectare. The large axial flow thresher performs both threshing andwinnowing, and although about four labour days per hectare are requiredto operate the machine, total labour requirements for post-productionoperations fall to 20 days per hectare, a decline of about 33 percent (Toquero,

1985).
Results from surveys in Nueva Ecija, Philippines, show post-productionlabour on mechanized farms is 25 percent lower than on farms in which
the paddy wps 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 households, declined by 31 percent. Thisis consistent with results of a multivariate regression analysis which revealedthreshing mechanization as the most important factor accounting for farmdifferences in post-production labour (Sison and others, 1985). Output hada positive impact on labour use. Its effect, however, was smAl compared

to that of mechanization. 
Farmers in both Thailand and the Philippines employed a rangethreshing methods. In Iloilo, foot treading from 

of 
an elevated platform wasthe most prevalent method. In Laguna, hand beating over a bamboo framewas used. In Thailand, driving water buffalo tractoror a 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 (Ilobo) 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 mechanical 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 production 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 thresh,-cs are vying for 
contract services. 
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In the Philippines, more complex adjustments took place. Farmers usingmanual methods previously paid a combined share of the crop for harvesting,threshing and cleaning, usually about 12 to 17 percent. With the introductionof the thresher, the share formerly paid to threshing labour shiftedthresher owners toand operators. The arrangements differ slightly betweenregions, but the normal fee was 3 percent of therearrangement crop. Under thisin sharing rates, labour received a smaller portion of totaloutput. Combined with inceases in the agricultural labour force andincreasing ownership and operational costs for threshing equipment, therehas been a decline in labour's share from one-eighth to one-twentieth ofthe crop in some areas of Central Luzon.Since the introduction of the machines, threshing fees have risen in thePhilippines and fallen slightly in Thailand.The crucial issue is how theintroduction of threshing machines has affected threshing labour, particularly
hired labour. 

Landless Labor
Most hired labour for post-production operations in the Philippines comesfrom the landless class, estimated to be as high as 20 percent of ruralhouseholds in 1984 (Ebron and others, 1985). Workers from the landlessclass contribute over 50 percent of the labour used for harvesting andthreshing. Add small farmers with less than 0.5 hectare of land, and over80 percent of annual income for landless workers and small farmers isderived from post-production operations.
A study of landless workers in 
a thresher-using area of Central Luzonrevealed several non-income benefits of threshers (Ebron, 1984). Mechanizedthreshing considerably reduced the arduousness of post production operations. The lighter nature of the work also enabled more women andchildren to participate in post production activities compared to the prethresher period (figure 4.10). Most of the labourers stated, however, that
labour was in excess supply at harvest time and that they feared increasedmechanization would further reduce earnings. 

Wage RatesIn countries with surplus agricultural labour, the introduction and usemachines normally exerts a downward pressure on real wage rates. In the
of 

Philippines, the agricultural labour fo" e is projected to grow at 1 percentper annum (David, 1983) 
percent over 

while in Thailand it has expanded at about 1.5the past 15 years (Binswanger, 1982). In the Philippines, realwages in agriculture have bean declining and were significantly lower in1985 than during the mid-1960s. During the same period, the real price ofagricultural machines rose with the largest increase during the past five years (figure 4.11).
Evidence describing agricultural wages Thailandin show real wagesincreased steadily during the late 1960s and through the 19 70s (figure 4.12). 
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There wa a decline during the early 1980s when the global economic 
recession dampet td 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. Labour 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 threshe- (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 iteady 
decline in real wages which in 1.981 were below the level prevailing in 1965 
(table 4.8). 

The decline in reai wages for threshing in the Philippines should not, 
however, be too closely tied to the introduction if threshing 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 zhe 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. 

Inzome 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 
was 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 resulted from an expansion in areas 
under rice cultivation (Barker and others, 1985). During this Pame 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 
dL&tribution of rur,.,incomes. 
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In the Philippines, growth in rice output since 1967 averaged nearly 4percent, with nearly 80 percent of the increase attributable to higher yieldsand the remainder to area expansion, primarily increases in paddy landunder irrigation (Barker and others, 1985). While nominal wages rose, thereal wage rate in agriculture fil continuously since theparalleled by 1960s. This wasa fall in the land/labour ratio caused by an increase in theagricultural labour tbrce and little or no growth in cultivated areas.these circumstances, using mechanical Under
threshers limited increases in ruralemployment opportunities and decreased hired labour income. In a succeedingsection, we review government policies which made adoption of threshingequipment attractive to andowners famier-users in spite of falling real 

wages. 

VI. PRIVATE PROFITABILITY 
In this section the financial or private profitability of the axial flow thresheris examined from two perspectives. The first is ti . farmer who does notown but uses the thresher on a contract basis. In this instance, it is thereduction in cost and increased output fi-om using the machine comparedto traditional techniques which determines the level of benefits. The secondperspective is that of the machine owner. The contract rate, annual uselevel, investment cost, price of fuel and the price of paddy rice determinethe 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, labourers tendto terminate the threshing operation prematurely. Grain remaining withthe straw is then appropriated by gleaners, usually elderlychildren. Cleaning is highly relatives orlucrative and there are claims that diligentgleaners can appropriate up to 10 percent 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 I.bourers working withoutsupervision, the thresher adequatehas certain technical advantages over manualthreshing methods. It reduces losses caused by repeated handling of boththreshed and unthreshed materials. Winnowing and cleaning are an integralpart of the axial flow thresher.' The effect of these factors has beenmeticulously reaured in on-farm experiments comparing handling, threshing, and winnowing losses from manual and mechanized methods (table4.10). There is consistent evidence of a reduction in grain losses rangingfrom 0.5 to 1.6 percent or a liet savings over traditional threshing of 0.7to 6 percent of the total yield. In Thailand, the yield effect of reduced 
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losses wa- insignificant compared wi h 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 icrcentage 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 eliminated. 

Of particular interest are the increasesin 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 hauling the crop (harvesting). In Laguna,
the ,arvester'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 to 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 Ecja.

Part of the explanation for Laguna farmers' acceptance of higher post
prod-action costs lies in the increased output from using the thresher. A 
second reason not explcitly 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 
worker3 moved to jobs in nonagricultural indust;,,4

Charges for traditional threshing techniques to be higher than 
machine rates in Thailand. The major difference in thi- .- ancial profitability
of the thresher between the two countries is that Thai farmers benefited 
primarily from the reduced costs ofmachine 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/eon 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 traditional 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 anincrease in revenue of $2.23 to $5.79/ton because of increased grain yieldsand/or reduced costs. The advantage over traditional threshing narrowedslightly in 1983 in Laguna when contract rates for machines increased from7 percent to 9 percent. 

Thresher OwnersFor thresher owners, private profitability is determined not only bycontract therate, but also annual amortization charges and operational costsplus the level of use. Table 4.13 summarizes the information on axial flowthresher cost and use patterns for Thailand and the Philippines.In Thailand, machines thresh nearly three times as much grain per yearas similar units in the Philippines. Despite higher in-tial investment costsand lower contract charges, these machines have very short payback periodsand high benefit/cost ratios. The evidence presented earlier in figureindicates annual 4.9 
future, 

use has begun to level off at about 400 tons/year. In theas more threshers enter the contract market, it is likely that thehigh profitability vident in the present analysis will decline.Thresher owners in the Philippines have lower usc levels resulting inlonger payback periods and lower benefit/cost ratios than found in Thailand.Portable threshers in Laguna showed low returns in 1978. This observationwas made, however, shortly after introduction when use levels were quitelow. Both the portable and large machines operating in Laguna improvedfinancial performance in 1983. The portable thresher operating in irrigatedareas in Iloilo gave very high returns in 1978 although machines in rainfedareas were not as attractive, primarily because of low annual use levels.The comparative performance of threshers in both countries is summarizedin figure 4.13. While not shown in the figure for Thailand, breakeven levelshave increased since 1978 as machines have become larger and initialinvestment costs have increased (Mongkoltanatas, 1985). For the Philippines,average annual use levels were sufficient to ensure profitability, althoughfinancial performance differed by region and by machine type. With theexception of irrigated farms in Iloilo, threshers in Thailand have been better
investments than those in the Philippines.
It is clear from this analysis of empirical 
use and cost data that the axialflow threshers have been profitable from both a user's and owner's pointof view. This profitability has been a major factor in inducing widespreadsale of thrcshers and rapid expansion
country. In 

in the stock of machines in eachthe next section we examine whether government policiesaffected the rapid diffusion of threshers. 

VII. PUBLIC SECTOR INTERVENTION
As noted, the mechanization of rice threshing is privately profitable in bothThailand 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 nd Thailand. In both countries, there is !ittle 
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 Philippine3 and levees in Thailand also 
indirectly affected the profitability of mechanization. Each of these policies 
influences the relative costs of czpital 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-wheel 
units were made 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 
prognmmes 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. 

VIII. 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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agricultural machinery (13.7 
the effective protection rate (EPR)percent) onis low relative tovehicles (27 percent) and consumer EPRs on motorgoods (43 percent). This divertscapital resources scarceaway from machinery development towards importstitution in consumer subgoods 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 andtherefore easy to copy. This makes it difficult for private entrepreneurs tocapture the gains from innovation.At a time when the labour absorptive performance of domestic manufacturing has been disappointing and labour denand from the Middle Eastis approaching the saturation point, should IRRI be developing machinerywhich reduces labour demand in the agricultural sector? This questioncannot be answered until the efficiency and equity effects of threshers havebeen more accurately quantified. Futhermore, IRRI's machinery developmentprogramme is oriented globally: towards rice growing areas in general andnot towards conditions prevailing in particular countries. Even within SouthEast Asia, socio economic conditions vary markedly from country to country.In Thailand where the percentage of landless households is negligible, theefficiency/equity 
 conflict is far less serious than in the Philippines 
as thelabour 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 predictsthat machinery development will arise,when relative factor price ratios are 

without government intervention,
sufficiently favorablethese conditions to capital. Underfew equity problems arise. Overall, however, it appearsgovernment support of labour-displacing machinery development and purchase is warranted only under rare circumstances. If timely innovation isimpeded by distortions in the incentive structure, a gradual dismantling ofdistortions may be a more effective long run strategy than public supportfbr 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 programits impact on has beenresearch and development of manufacturers participatingthe industrial extension program. These companies in 

are given design information, training and technir-al support in the initial stages of fabricatingIRRI designed equipment. A question frequently asked is whether dependency on outside assistance lowers innovation and inventivenessipants compared with firms that are 
of partic

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 prc gram attempted to improve and 
differentiate his machine from others fabAcating 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 invention 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 unambiguously 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 ofengineering innovation? 

General Findings 
1.Proper engineering design and developnent 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 equipment industry is fragmented, composed of small, 
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undercapitalized firms and where the social opportunity costs of resourcesare in reasonable balance with private prices. 

Specific Findings for Axial Flow Thresher
1. The purchase and use of the thresher has been most successful inThailand, followed 

Larger farm an 
to a lesser degree by its acceptance in the Philippines.size, expanding land frontier and the relatively higheropportunity costs of labour have made the machine an attractive investmentand a viable alternative to traditional threshing in Thailand.2. The major incentive for adopting th6 thresher is the effect it has oncosts. Evidence from the Philippines indicates some inc:ease in yields throughlower grain losses. In the Philippines, the major source of savings has beenthe reduction in harvesting-threshing shares formerly paid to labour. Landlesslabour has been reduced slightly, although the participation rates for womenand children have increased following introduction of the threshc..3. The private profitability of the thresher is very high in both countriesparticularly in the early years following release of the design. Over time,the contract rates charged for mechanical threshing have stabilized at anequilibrium level approximating the cost of traditional alternatives available

hn each country. 

in 
4. Adoption of the axial flow design by private manufacturers was rapidboth countries, a result of the IRRI intensive extension effortdemonstrate and promote the design and 

to 
to provide technical assistanceand training to firms cooperating with the program.5. Individual manufacturers have been quick to innovate and modify thedesign, 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 farmmachinery industry in either Thailand or the Philippines. However, theindirect effect of policies on foreign exchange rates, interest rates, tariffson fuels and imported parts and the availability of credit have had little
effect on the social profitability of the threshers, -lthough 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 similardesign would have emerged in the absence offormal research and developmentwork conducted at IRRI. It is highly unlikely that a design as efficient orso widely adopted would have resulted from private sector initiatives withinthe same period. The evident lack of incentives and support for privateinvestment in research and development on small farm machinery wouldhave delayed induced development of such a machine for many years.The axial flow thresher is a clear case of a viable product resulting froma 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 deve!,opment institutions operating in the Third 
World. 

The evidence in this chapter is not itself sufficient to conclude that the 
support of public 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 levels 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 who3e 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 
mecmnical threshers and employment in the Philippines and Thailand. The present
analysis also 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 proce.s described briefly here closely parallels that enunciated by Hayaml 

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 specific-ally to localized 
needs. The IRRI program targeted the second and hird 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 
instituttors. Both short and long term training were combined with ongoing technical 
support at both the institutional and th,. individual firmi level. Over a 10 to 20 year 
horizon, the objective was zo 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 management 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 individualfirms (Mlkkelsen, 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 yieldto thresh a and the time requiredcrop. Higher yields require less threshing time per .on of threshedoutput 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 andwinnowing 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
 
Profile of Respondents, Thailand and Philippines
 

Thailand Phi!ippines
Irrigated RainfedThresher Thresher Thresher Thresher Thresher Thresher Thresher Thresher ThresherOwner Non-owner Non-owner Owner Non-owner Non-owner Owner Non-owner Non-ownerItem Users Users Non-users Users Users Non-users Users Users Non-users 

No. of respondents 63 156 49 18 26 21 5 16 15Age (yr) 48 48 45 52 50 59 50 49 
 49Education (yr) 4 4 4 6.3 4.7 5.0 5.1 6.7 5.4 
Tenure (%)

Landowner, C 55 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 33Average farm size (ha) 8.9 6.0 7.5 5.1 2.1 1.8 4.4 2.7 2.4Average yield (t/ha) 2.9 27 2.7 3.8 3.9 2.9 2.4 2.8 2.7 

C= Chachoengsao Province; S - Supanburi Province. 
Source: Juarez and Pathnopas (1693). 
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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 



Figure 4.4 Axial flow thresher designed and developed at the International Rice
Research Institute. Photographs courtesy of Communications and Publications Dept.,

International Rice Research Institute.
 

(a) Large axial flow thresher 

(b) Portable axial flow thresher 
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Figure 4.4 (continued) 

(c) Moving portable axial flow thresher 

(d) Large axial flow converted for shelling corn 



Figure 4.5 Production of IRRI-designed axial flow threshers by cocperating manufacturers In selected countre,01974-1985. From IRRI, Ag. Engineering Dept., 1975-79; Ministry of Agriculture and Food and IRRI, Oct. 1984-Sept. 
1985; Khan, 1985; Reddy, 1985. 
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Table 4.2
 
Thresher Adoption and Labor Use, Laguna Province, Philippines, 1965-1978
 

Item 1965 1970 1975 1977 1978 

Percent of farmers using threshers 
Harvesting and threshing labor (days/ha)
Yield (tlha) 

0 
30 
2.2 

0 
32 

3.1 

0 
32 
3.4 

67 
26 
3.7 

82 
31 
4.6 

Source: Kikuchi et al. (1982). 

Figure 4.6 Demand for IRRI-designed axial flow threshers, Philippine:,
 
1974-1984. From IRRI, Ag. Engineering Dept., 1975-79; Ministry of
 

Agriculture and Food and IRRI,
 
Oct. 1984-Sept. 1985.
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Figure 4.7 Adoption of threc, rice production technologies In three sampleIrrigated villages, Iloilo, 1968-1973. From Juarez, 1984; Juarez and Pathnopas, 
1981; Juarez and Duff, 1979. 
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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
 
Sources of Funds for Rice Thresher Investment
 

Pphines 
Source Thailand Inigatod Rainfed 

Own cash(%) 69 83 60 
Loans (%) 
Both cash and loans(%) 

7 
24 

.... 
17 40 

Source: Juarez and Pathnopas (1981). 

Figure 4.9 Annual utilization and contraIl costs for mechanical axial flow 
threshers, Thailand and Philippines, 1974-1983 
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Table 4.4
Summary of Studies on the Impact of Mechanized Threshing on

Cropping Intensity inRice-Based Systems, Asia
 

Cropping
Study Area IntensityComparison Effect
 

Juarez, 1984 
 Iloilo, Foottreading vs. 1.68 (irrigated)
Philippines power threshing + 13%
 

Juarez, 1984 
 Iloilo, Foot treading vs. 1.55 (rainfed)
Philippines power threshing +4%
 

Juarez, 1984 
 Laguna, Hand vs. 1.43 (irrigated)
Philippines power threshing + 22%
 

Toquero and Duff, 1985 
 Central Luzon, Handvs. 1.78 (irrigated)
Philippines power threshing -23% 

Table 4.5
Hired and Family Labor Utilization inPostproduction Activities,

Central Luzon, Philippines, 1979-1980
 

Hired Labor Family Labor(labor days/ha) Total 
Manual threshing 2.3Mechanized threshing 

29.0 31.3 
Labor displaced 

20.1 2.9 23.0 
-0.6Percent displaced 

8.9 8.331.0 -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 days/t Kg/man.day 

"hailand 
Buffalo treading 	 4.S5 206
Tractor treading 	 2.40 415
Large axial flow thresher 1.33 752 

Philippines
Foot troading (Iloilo) 7.69 	 130
Hand beating (Laguna) 5.49 	 182
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 InRice Production 

Using Manual or Mechanical Threshing Methods, Philippines 

Direct Increase Indirect Increase Total
Method (agri sector) 	 (non-agrd sectors) Increasr 

'thousand man-years 

Manual threshing 15.9 27.1 43
Portable thresher 12.4 27.6 40
Percent difference 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.
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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 Recent Philippine Rice Trends," IRRI, Ag. Economics Dept. 
Ratio 
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Figure 4.12 Ratio of Indices of price of labor to paddy

price In Thailand. From Palacpac, 1986;


World Rice Statistics, IRRI, 1984; Ag. Eng'g.
 
Trainees, IRRI.
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Table 4.9
 
Agricultural Wage Rates in Rice Production, Laguna, Philippines, 1965-1981a
 

Item 1965 1970 1975 1978 1981 

Harvesting and threshingNominal wageb (S/day)
Real wage ($/day)
Index of real wage 

1.08 
1.08 
100 

0.91 
0.70 
101 

2.32 
0.78 
140 

2.48 
0.64 
113 

2.38 
0.40 

79 
TransplantingIndex of real wage 100 121 104 83 85

al US$ =P3.88 in 1965, P6.44 in 1970, P7.50 in1975, P7.38 in 1978, and P8.20 in111,1.bDeflated by Consumer Price Index (CPi) 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, 1983 a
 

Item 

Land owner 

Total laborb 


Unskilledc 

Skilledd 

Capital 
Currentinputs 
Operators residual 
Value of production 

alUS$ = P14.66. 

Thresher Renters Non-thresher Users 
S/ha % $/ha % 

87.86 17 87.86 18 
139.63 27 160.03 33 
116.71 23 160.03 33
22.92 4 0 
80.01 16 45.63 10 
80.49 15 80.49 17 

127.49 25 104.16 22 
515.48 100 478.17 100 

bIncluding gleaners at $16.85/ha.
 
CExcluding thresher operators.

dThresher operators.
 

Source: Smith etal. (1983). 

Table 4.10 
Yield Effect of Axial Flow Threshers, Philippines and Thailand 

Study Area 

Toquero, 1983 	 Central Luzon, 
Philippines 

Bicol, 
Philippines 

Juarez, 1984 	 Laguna, 
Philippines 

Iloilo, 
Philippines 

Juarez and 
Pathnopas, 1981 Supanburi, 

Thailand 

Chachaoengsao, 
Thailand 

Threshing
Method 

Axial flow 
thresher 

Threshing frame 
Axial flow 

thresher 
Threshing frame 
Flail or stick 

Axial flow 
thresher 

Hand beating 
Portable axial flow 
thresher 

Hand beating 
Portable axial flow 
thresher 
Foot treading 

Axial flow 
thresher 

Animal treading
Axial flow 

thresher 
Tractor threshing 

Physical Grain 
Grain Loss Savings
(%of yield) (%of yield) 

1.10 
2.40 +1.30 

0.48 
1.56 +1.08 
1.20 +0.72 

1.60 
7.34 +5.74 

1.34 
7.34 +6.00 

1.34 
1.65 +0.31 

1.66 
1.12 -0.54 

1.66 
0.97 -0.69 
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Table 4.11

Harvesting and Threshing Contract Rates inthe Philippines and Thailand,
 

1978 and 1983
 

Traditional Harvesting and Traditional Harvesting and 
Threshinga Mechanical Threshing

Harvester
thresher Thresher Total Harvester MachineLocation share share shares share shareb 

Philippines %gross outpt.1
Laguna, 1978 12.5 5.6 17.0 10.0 7.0Laguna, 1983 12.5 5.6 19.0 10.0 9.01lkiio, 1978 16.6 5.5 166 11.1 5.5Iloilo, 1983 16.6 5.5 16.6 11.1 5.5Nueva Ecija, 1983 14.2 -- 15.6 9.1 6.5 

Thailand P/onChachoengsao, 1978 6.9 (tractor treading) 3.8Supanburi, 1978 7.5 (tractor treading) 4.8 
9.6 (buffalo treading) 

aTraditional 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. 
Inboth countries about 33-40/. of the machine share ispaid to operators and helpers andtne remainder accrues to the machine owner who pays for fuel, oil, and grease. In mostcases, the cost of the machine includes cleaning, particularly when the large axial flow
thresher, which has a built-in cleaning mechanism, isused. 

Sources: Juarez and Pathnopa,, 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 1993
 

Location 

Cost Saving Over 
Traditional Method 
(S/ton) 

Value of Grain 
Losses Saved 
(S/ton) 

Total Mean Gain 
(/ton) (S/ha) (/farm) 

Thailand, 1978 
Large thresher vs. 

tractor/buffalo 
treading 

3.55 -0.71 2.84 17.0 62.0 

Philippines, 1978 
Large thresher vs. 

hand beating -1.84 7.63 5.79 26.0 113.0 
(Laguna) 

Portable thresher vs. 
foot treading 
(Iloilo) 

2.36 0.38 2.74 9.1 23.0 

Philippinos, 1983 
Large thresher vs. 

hand boating 
(Laguna) 

Portable thresher vs. 

-3.36 5.68 2.32 10.4 45.2 

bot treading 1.92 0.31 2.23 7.6 19.2 
(Iloilo) 

Sample includes only farms growing high yielding varieties. 
bInclude meal expense savings. 

Sources: Juarez and Pathnopas, 1983; Juarez, 1985. 



Table 4.13Financi Analysis of Large and Portable Mechanical Thresher Invesment inThailand and the Philippines, 197 and 1983 

Phif;i.,p-ex
Thailand 19781978 Portable Ilo. Portable Lgguna 1978item Laguna 1983Large (rimgaled) (Ilainfed) Large Portable Larloo Portable

klitial cost ($) 1699.00 743.00 789.00 213600 837.00 1569.00 546.00 
Fixed costs(,yr)Depreciaton 250.35 134.64 142.02Interest 110.15 32o.40 150.66 235.35 98.2849.37 52.07 140.98 55.24Repair and maintenance 166.90 74.80 129.44 45.0478.90 213.60Tax and insurance 33.18 83.70 156.90 54.6014 7Total fixedcosts 560.78 273.7, 288.77 

4 64 3139 10 9:)
717.70 306.34 553.07 208.84 

Vanable cost ($n)Fuel 0.14 0.63 0.63 0.87 0.50Ol 0.83 0.750.06 0.04 0.04 0.07Grease 0.03 0.030.01 0.040.00 0.00 0.01Lab1a 2Z 
0.00 0.01 0.00 

variable costs a 2.7 36 3MaTotal 
 1.77 2.87 2.87 4.69 4.27 4.43 4.35
 
Conlractratel A) 4.27 6.72 6.72 9.31 9.31 8.90 8.90Annual use (t) 
Average 
 366.90 145.00 75.00 149.00High 377.00 162.60 75.00 

39.00 155.20 37.60175.00 60.00 186.80 62.70 
Breawevenpo 
n (BEP)(ttr) 224.31 71.13 75.01 155.35 60.78 123.73 45.90Payback peiod (PBP) (yr)Average annual u- 2.75 1.79 5.56 7.34High annual use 2.64 20.47 4.17 9.021.54 6.56 5.19 5.70 8.03 &12Benefit-cost ratio (BCR)Average annualuse 1.26 1.38 0.95 0.06High annual use 1.28 0.75 1.08 0.881.45 0.95 
 1.04 0.97 1.18 1.13Source: Computed from basic data in Juarez (1984) and Juarez and Pattinopas (1961). 
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Figure 4.13 Breakeven levels for mechanical thresher investments, 
Thailand and Philippines, 1978 and 1983 
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Summary of Policy and Institutional Programs Affecting Devebpment and Extension of Farm Machinery in the Phirppmnes and Thai,,d 

Table 4.14 

TariffsPore/lInstuments 

AsswenleoCKD 

ag Machines 

Components 
and 

Spamrts 

QuotasNo 

Taxes 

Creit program6 

'ufortProgramsManuta"Bad 

RD prograns 

Income tax inoWeive 

E~rge rat.e 

Compiled from personal Communication with Zia 

Philippeshi=r~ 

Engines $Prayers. 4-wheetrresh machinefy 10% tr harvesting 

hand tractor . 30% 

30% 

import restriction 

10% advance sles tax 

Avalal;e for each food crop; CB:IBRD provided 4 credit 

aMountrig $76M from 1965-1 984 
 tns 

fnotmrt gBoard of Investments Agsupo Investment lncentive Act; ruralgaartisansasistance 
tehia 

assistance Provided by Ministry of Agricultureand IRFIndustiJ Extonsion Project; Agnoutural Machinery 

Manufacturers and Distributors Assocaoation

Ag. Mech. Inter-agency Comnitee dre-t 
 mechanizaion 
development activites; Ag. Mcch. Development ,rgram(AMDP) designs and det'eop. machines and sets clafityand sakety standards; Ag. Mech. Test and Evaluation 
Center tests and evauates locally manufactred 
machines; IRRI Ag. Mech. Dov. Program;AMDp , d 
IRPJ study effects of mechn,.ation.

Invankirs Incenwe Act (PD1423) provides a 5-year tax
 
holiday 

S, (foti r ince oe 9i 41 

Thaiand 

inpod unit and/or engine . 33% 

intrnWparts - 15%Miler Chain and steel . 25% 

rubber parts 5smport resticion at 537 units for second-hand two-wheel 

tractor: and 705 four-wheel ractors3% business tax 

11%profit tax
 
10es
Direocak tax 
Direct instan niantdlistrib utmr;Bank forAg tt mniAgniojlturW Cooperas, gives 
 redit tough fabrica"
 
and cdistributors 
Dorm Procuction C small engines of less then 30 hp;provideJ by FAOdrNDP Ag. 
fProjecwnizA. Eng Dv.;technic foMNOio rough 
qn thN Lws D nea-IR inc~jstin throu

Prct Aewg D,es Thai-RRI IncistiaExonsin
 
Proc; M . Manufctureo As sooration
Ag. e 

Ag .Engineeing Divisinf . of Ag. Coohinyintr
ntionoie surveysd ag-p himey industa;egNcorocsgac, r;Provides tecncal assistancewit 
Rg. Ne*or of Ag M h research Coordiaton
MA-coop&Mtpves ananundrsntas 

nr
 

Bhat27.37/US$ (floating r"te since 1983)Ur Rahman and Chak Chakkapak, Regional Network for Agricultural Machiner
Philippines. and Dept. of Agriculture. Thailand. respectively; Bemas. L (1985). 
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Table 4.15Percent Distribution of CB:IBRD Loan Grants for Farm Machinery as of June 30,1980 
FWrs 
 Second Third Fourth

i"9r".1--.168)- f(1969-19M2 11974-1977 
 1977-1980L
ilem No. Value No. Value No. Value ValueNo. No. Value 
Four-wheel bactors 

86.8 939874 56.5 85.2 56.8 86.2 296 65.2 9.
 
P--er e8. 31.4 11.4 34.6 11.8 51.8 17.9 
Irrigaon systems andwllsanddisirbutonworks 
 11.6 4.9 06 2.7 68 1.3 1.7 7.80.6 1.5Sprayers. grai dryers. 
treshes and cdwerfarmmacneY 1.6 1.2 1.5 0.7 0.71.8 2.0Ri.e mills 1.4 1.7 0.9 

14.9 14.9 3.1 4.7
Tota 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 

Sow. SGV and Co. and U.P.Buiness Resear:h Foudation. le inReyea olW.(1985). 

Table 4.16
Sources of Loans for Rice Thresher Investment 

Thailand Philippines
Threshers Interest rate Threshers Interest rateSource (%) (o/=,yr) (%) (%,r) 

Bank 74 12 17 12Agricultural cooperative 16 15 - -Private moneylender 5 20-30 33 25-90Relative 5 0 17 0Not specified ._ 
 -- 33 

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

I. INTRODUCTION 
Expansion in agricultural activity is of fundamental importance to ruralprosperity and the growth of industrial and service activities in the ruralareas. However, the extent to whi', non-agricultural activities respond toagricultural expansion varies. In some situations, the sustained growth inagricultural output that has occurred in recent decades, with the introductionof the new seeds, has led to a considerable expansion in non-agriculturaloutput in the surrounding area. Expansion in rural industry has thenprovided 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

much smaller effect on local industrial activity. 
a 

There is a strong presumption that decentralised rural industrialisationwill be associated with appropriate technologies (AT), b3th in termsprocess of production (factor use and scale) and in product characteristics.
of 

Consequently, an important element in government policies to promote ATwill be those which support high linkages b,-tween agriculture and thedevelopment 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 theselinkages. To do so, we compare developments in the Philippines and Taiwanover recent decades, as well as examine linkages in particular areas withineach country. In both the Philippines and Taiwan, there has been a sustainedexpansion in agricultural output. In the Philippines agricultural output grewby 4.3 percent per annum in 1960-1970 and 4.8 percent per annum in1970-1980. 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 19701980, but higher in output per person in agriculture, during the period.However, the expansion of non-agricultural activity much faster inwas 
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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 and manuannum 
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 differ- 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 output in the two countries. 
A comparison between the two countries therefore provides some important
evidence on the factors underlying local linkages. In addition, examinaion 
of linkages in particular areas of each country provides an illuminating 
source of information oIL 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 table 
5.1). Capital/labour ratios vary systematically by size of enterprise according 
to Philippine data, as shown in table 5.2. 

Evidence for Taiwan shows a similar preponderance of small establislhments 
in the rural areas. In 1961, 96 percent of rural establishments were classified 
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 appropriate 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 repairethem. In the Bicol area, local firms in small towns manufacture and repaisuch vehicles, as well as other appropriate transport modes, especialldesigned for local conditions, including skates (vehicles designed to bpushed along railway tracks) and carabao sleds (see Ocampo).In some cases, rural industries are "inappropriate." For example, in boticountries the paper and pulp mills wereTechnology large-scale and capital-intensivein food processing varied;
technologies used 

as we shall see be!ow (section III)in the Philippines hi pineapple canning and banan;processing have tended to be markedly more capital-intensive and associatecwith more inappropriate product characteristics than in Taiwan.On balance, however, rur.al industries are associatedtechnology. It is for this with appropriatereason that de promotion of such activitieswhich forms the focus of this chapter-constitutes an important elementin the achievement of appropriate technology.
The chapter is organised as follows. The next section (I)
overview gives a briefof the general economic pcrfbrmance of the Philippines andTaiwan. Section III considers the factors underlying the linkage relationship,first looking at demand factors and then supply, drawing on evidence fromboth countries and comparing the
conclusions two. Section IV summarises the policyderived from the earlier analysis. Section V considers thepolitical economy of the policy changes required, in order to elucidate thepolitical potential of alternative policy combinations. 

II. PHILIPPINES/TAIWAN: SOME BASIC COMPARISONS
The Philippines is much larger than Taiwan, in area (300,000 square kilometerscompared with 36,000 for Taiwan), and in popuation (around 45.6 millionpeople in 1978 ccmpared with 17 million in Taiwan). Taiwannatural r, sources is poor inand land compared with the Philippines.experiences The colonialof the two countries differed:production in Taiwan 

the Japanese encouraged foodand established a considerable network of ruralinfrastrtucture; in the Philippines, both Spanish and U.S. colonial powerspromoted cash-crop production, and neglected infrastructural investments. 

Conditions in 1960Apart from these factors, there were many similarities between the twoeconomies in 1960: 

" Per capita income was $321 (1978 prices) in the Philippines comparedwith $443 in Taiwan." Structure of production was similar. Agriculture accounted for 26percent 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 fgures. 
* The availability of nurses and doctors was better in Taiwan. For example, 

there were 1,661 people per doctor in T2iwan compared with 6,940 in 
the Philippir-s. 

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

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

* 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 Philippines by every meas-:-.- (see table 5.4). However, 
since then income ciistribution 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 tha population has fallen over the period, from 4.9 percent 
in 1956 to 3.9 percent in 1971. Since the early 1960s, inequality has 
therefore been substantially greater in the Philippines than in Taiwan. 

* 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 reform, the Gini co-efficient remained quite high. 
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Average 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 Taiwanperiencing a exmuch higher growth rate than the Philippines. On average,from 1960 to 1980, growth in income per head was 6.9 percent per annumin Taiwan compared with 2.8 percent per annum in the Philippines. By1980 this discrepancy meant that income per head in Taiwan was over 2.5times 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 agriculturewhich, between 1960 and 1979, increased by 3.6 percent annually in Taiwancompared to 2.1 percent in the Philippines (see table 5.6). The rate ofgrowth of output in the industrial and service sectors was significantlyhigher in Taiwan throughout the period. The growth of output in agriculturewas 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 proportionof the labour force. In 1960, employment in industry accounted fbr 25.2percent of the total and agricultural employment for 52.7 percent. By 1979'ndustrial employment accounted for 47.7 percent and agriculture for 21.5percent. From 1965 onwards employment in agriculture fell quite substantially.The rate of growth of labour productivity was substantially greater in Taiwanin 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 chieflyoffood 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 importanE role from 1966.In both countries, the composition of exports moved away from primaryproducts, but much more dramatically in Taiwan, where industrial productsaccounted for over 90 percent of exports by 1979, compared with 45 percentin the Philippines. Industrial exports grew by 30 percent per annum inTaiwan, 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, 1974; Oshin.a, 1983, 1984).One part of the explanation lies in the major differences in the policypackage adopted, with the Philippines pursuing import substitution, withhigh levels of protection and 3ubsidised interest rates, and Taiwan beingmuch more open and export-oriented, and with more realistic factor prices. 
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Other explanations include differences in initial conditions, hi 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. 

11. 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 linkages, which may be backward 
or forward. Backward linkages occur where production in one sector uses 
inputs produced in other sectors-for example, machinery or fertiliser. 
Forwardlinkages 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 countri, and partly 
from imports from outside the country. Our 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 if rural subsector of the economy because, for the most part, 
local 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 

1. The linkage effects frou, additional agricultural output are very substatital, even where policies are not especially conducive to promoting
them.t In the Gapan .'ea in the Philippines an annual increase in agriculturalincome of 5.5 percent per annum (from 1961 to 1967) was accompanied by an annual increase in non-agricultural employment of8.2 percent, while between 1967 and 1971, an annual increase inagricultural income of 8.2 percent was accompanied by an increasein non-agricultural employment of 9.0 percent per annum (Gibbs)."An Upper Pampanga River project which roughly doubled netfirm income was associated with an annual increaseemployment of 7.0 percent per annum, 

in, non-farm 
1975-79 (Sander).* In Oton and Tigbauen between 1974-75 and 1979-80, agriculturalproduction rose by 6.7 percent per annum, while output of nonagricultural activities grew by 8.4 percent per annum (Wangwa

charakul).
" Between 1960 and 1975, there were high rates of gr wth in smallrural establishments in those areas in the Philippines with rapidagricultural growth. In Luzon (excluding Manila and Rizal),establishments grew by 8.3 percent per annum. 

small 
There is a strongassociation between agricultural growth and the growth of manufacturing establishments by regions in the Philippines (Anderson

and Khambata)." In Taiwan between 1952 and 1965, as a whole agricultural productiongrew by over 4.8 percent per annum, while between 1955-66,agricultural rural employment grew 
non

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 goodsand services to people in the area-especially in the Philippines." Our survey found that over 80 percent of establishments wereconsumption-related (including barbers, furniture makers, generalstores, and food processers).* In the survey of the Gapan area, consumption-related
accounted for 58.6 percent of total 

activities 
non-agricultural employmentin 1971, with public services accounting for 24.4 percent, andforward and backward linkages for 18.1 percent. Table 5.8 providesa detailed breakdown, which is illuminating for showing the typeof rural industries that are of significance." In the Upper Pampanga River area forward and backward linkageindustries accounted for only 6.8 percent of employment in thetwo 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 i. mainly
consumption-related (see table 5.9). It is impossible to allocate 
activities precisely between different tes 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 production 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 i979, 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 
products, 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
significantly 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 accounted 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 1956and 1966 (outside the public sector, in industries where classification
is possible), were in sectors serving local consumption needs. Butmost of the industries also provided goods servicesor as inputsfor agriculture or as exports outside the area. Probably between
40 and 50 percent of the employment increase was for localconsumption. This is less than in the Philippines and is due to
the greater significance and more rapid growth, in Taiwan, of othertypes 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 employment 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 1.9percent of total employment, and fbrward linkages 4.9 percent.Backward linkages accounted for 1.8 percent of employment expansion 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 moredeveloped in Taiwan; metal products, transport equipment, machinery, and equipment accounted for nearly as high a proportion
of manufacturing employment (16.2 percent) in 1966. The backwardlinked manufacturing sector showed a higher proportionate increase 
than the food processing sector from 1956-66.

6. The ranking of linkages in terms of employment derives partly fromthe labour-intensity of the different types of linkage. The study ofOton and Tigbauen found that production-related activities accountedfor substantially the greatest share in output expansion, but the labourintensity of production-related activities was low relative to consumption-related activities, so that the consumption activities domi
nated in terms of employment expansion. 
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ConclMusion on Magnitudes of Linkages 
This surve' of the evidence has established that linkages of non-agriculturd
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. Household disposal
patterns depend mainly on the level of household income. For the rural 
economy as a whole, disposal patterns 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-agricultur,,] output, Dh. In fact, there is not 
a sharp distinction between expenditure on food and non-food, because agood 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, spendon 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 linkage3 are likely to be. This 
is because: 

high-income households tend to have a higher propensity to save than 
wage-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 aproportion of income: fr < fp. Consequently, while total local linkageswill tend to be greater where the share of low-income households(small farmers and wage-earner3) is greater, expenditure on non-fooditems will not be so much greater and could even be lower, dr >or < dp. 

The evidence on consumer behaviour and linkages from Oton andTigbauen broadly supports these hypotheses. The study investigated nonagricultural households (which had a much higher income than the farminghouseholds) as well as farming households at three levels of income.As can be seen in table 5.11, the stimulus to local production was greaterthe lower the income of the household, because of differences in propensit,to save. Import behaviour did not differ substantially, according to thisstudy. But the study assumed the same propensity to import for eachcategory of expenditure, irrespective of the income of the household.A general equilibrium model, estimating variations in consumption at. iimport propensities for the economy as a whole as the distribution ofincome changes between landlords and wage-earners, shows a lower 3hareof consumption and a higher share of imports as the share of the landlordrises for the Philippines (Ahammed and Herdt). The employment resultingfrom extra consumption is substantially lower the higher the share of extraincome received by the landlord class. Since high-income households tendto have a higher propensity to consume urban-produced goods (for example,consumer durables) than low-income households, the approachrural subsector would 
same

show a stronger relationship, 
to a 

with local linkagesincreasing 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 ofconsumption 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 lessmarked tendency for savings propensities to rise as household incomes rise(as comparcd with differences between households of different income levelsat the same point in time). The Taiwan evidence shows a strong tendencyfor rising expenditure on urban-produced consumer durables, as incomesrise. For example, the 1960 Census showed that less than 10 percent offarm households had electric fans and 23 percent had radios. By 1970 overhalf of farm households had some consumer durable.
To summarise tl 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 is, 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 household!! 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-agriculttral 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 fctors.-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 labour 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.

CroP composition is one determinant of labour absorption In agriculture.
The precise labour use for any crop depends on technology an 1organisation
of production and varies between countries and regions, ,'ross seasons,
and o.,er time. Table 5.12 shows labour-use according ,o ic~ec ted crops in 
Taiwan. 

The data from Taiwan show considerable variations in lb.,our-intensity
of every crop over time. Labour use per hectare increased qu'te 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 labour use !betweencrops. Sugar has tended 
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to be more labour-using than rice, but has shown a sharper fall in the last15 years, indicating the high potential for mechanisation in sugar (to bediscussed more below). While sugar can be a relatively labour-using crop,there are enormous seasonal variations in labour use. Of the new exportvegetables, asparagus is highly labour-intensive; mushrooms are less so, butstill markedly more labour-using than rice. Fruit export crops (bananas andpineapples) tend to 
using category 

use less labour than rice and sugar. The least labc'iris "other crops" which includes rootcrops. Data from thePhilippines and other Asian countries (see Aguilar, Bartsch, Ishikawa) ruggestsimilar conclusions about the relative labour-intensity of different crops.A comparison between Taiwan and the Philippine. on crop compositionand labour-absorption is shown in table 5.13. Around 1960, Taiwan had ahigher proportion of the most lab',ur-intensive crops (vegetables) than thePhilippines, with over 10 percent of the total produce as compared with3.0 percent in the Philippines. At that time, Taiwan also had a higher shareof the least labour-intensive crops, with over 45 percent of crops beingroot crops, compared with 18 percent in the Philippines. Between 1960-61and 1977-78 the crop composition in Taiwan became more labour-using asvegetables increased their share dramatically (to 33 percent of total tonnage),as Taiwan expanded growth of vegetables for export, such as mushroomsand asparagus, while output of root crops fell. In the Philippines, vegetablesremained insignificant, but the share of bananas and pineapples increasedso that in aggregate, crop composition in the Philippines became less labourusing. However, the actual change in labour-use depends also on the overallincrease in output (higher in the Philippines than Taiwan) and changes intechnology and organisptxjn.
Technology and Mechanisation. A major influencelinkages is the degree and 

on consumption
nature of mechanisation, since this determinesthe direct employment associated with production and consequently consumption linkages.

There is strong evidence for the Philippines that mechanisatior, tendsto be labour displacing, both with respect to family and hired labour. Inrice production, labour dispilcement occurs landin preparation and inthreshing (see Ahammed an. ( Herdt, Gonzales, Herdt and Webster, Sison,Herdt and Duff). Labour LC placement is significantly greater for largemachines 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 indirect employment effects of differing technologies are large. According to
the study by Ahammed and Herdt, one percent extra rice production would
create 23,700 extra jobs in agriculture using animal horse-power, a fourinch irrigation pump and a hand thresher, compared with only 5,300 usinga four-wheel tractor, and a large axial flow thresher in rainfed conditions.The distribution of income tends to favour landlords, theintensive the methods. (More details 
more capital

of the estimated effectsemployment land landlord share are 
on direct 

shown in table 5.15.) 
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Direct employment effects.-and J'erefore consumption linkages-are 
likely to be greatest with pump irrigation. Within each irrigation system, 
the least mechanined 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 increasL'g and permit. Philippine sugar cultivation 
to remain economic in the face of adverse world prices. Small sugar farms 
using labour-intensive methodi may not survivL. Consequently, there is a 
strong trend towards reduced consumption linkages in sugar cultivation 
(See Aguilar). 

E timites of consumption linkage effects depend on the level of the real 
wage associated with employment in agriculture. A low:,er 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 those affecting supply of 
labour in the agricultural sector. Demand for labour is influenced by 
mechanisation, other things being equal, higher mecharisation 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 accounted 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
tillrrs in the Philippines has risen substantially, but was nonetheless estimated 
to be only 20 percent 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 has 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, mechanisatlon in the Philippines has tended to have doubly negative effect onlinkages-by reducing direct employment in agriculture and depressing thereal wage. 

Backward Production Linkages

As noted above, these are 
 relatively small numerically in the Philippines,but are increasing rapidly. In relation to employment, by farimportant the mostare distribution outlets-for fertiliser, seeds, and machinery. Forexample, these accounted for 196 employees in Cabantuan and Talevera(1979), while only 21 people were employed in actual equipment manufacturing. However, equipment servicing and manuficture generally developfast as mechanisation proceeds, as is indicated byTaiwan. Employment in these 

their greater role inareas is likely to depend on the extent ofuse of modem inputs (fertilsers, seeds, machinery) and the machinery used.Small pumps, hand tillers and threshers, and power tillers can be producedin small workshops in the rural areas, while large tractors and axial flowthreshers are almost invariably produced in the urban areas, with mutch oftheir parts imported.
The production of tools used in association with carabaosentirely is almostlocal (that is, ploughs, harrows, and hand implements) (Lantin).Modern mechanical methods involve varying degrees of rural, urban, andimported content. For the Philippines table 5.14 shows how labour contentvaried as a proportion of the selling price.For the Philippines as a whole (urban and rural) backward linkagessubstantially greater for power-tillers than for tractors, while there is 

are 
much difference between notportable 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 production and consumption linkages together to estimate the total indirectemployment 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
employment effects are closely related. Taking production and consumption
linkages ragethei-, the linkage effects are similar for the most labour-intensive
techniques and the intermediate techniques, and smaller for themechanised techniques. 

most 
In Taiwan, purchased inputs among farm households have risen rapidly.Between 1952 and 1972, purchased inputs (including hired labour) doubledper farm household in real tc.-ms. This was due to the widespread adoptionof chemical fertilisers (in 1970 93 percent of Taiwan's farm households usedchemical fertilisers and 87 percent used pesticides). As the labour markettightened in the late 1960s, there was a dramatic increase in the usepower-tillers, from ofa few thousand in the early 1960s to 24,000 in 1972 
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(Ho, p. 28). The ownership of mechanized aids has varied with the size of 
the f_-m. 

Policies towards Mechanisation. The evidence summarised above show,
that large-scale mechanisation has had negative effects linkages in theon 
Philippine.?, mainly because of the labour displacing effects of these tech
nologies. Moreover, for tractorisation in rice cultivation, there does not 
appear to e a consequential rise in yields which could justify the mech
anisation fror 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 and 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 i960 to 1971, and 83 percent of the 
total in 1972-1980. Another reason for this switch towards power-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 te 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 iLestimated 
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 percent) than power-tiller sales (7 percent) between 1966-1979. 

Tariff policy in the Philippines has been designed to promote domestic 
production of power-tillers 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 rate overvaluation) was 19 percent,while there was a zero tariff on tractors.The overall combined impact of the interest rate subsidy, exchange rateovervaluation, tariffs and fuel tax has been estimated to have resulted in asubsidy on use of power tillers and water pumps in the Philippines in themid-1970s of 32 percent, and one on tractors of 47 percent (see David).Factor price distortions were the main cause of tractorisation, according toDavid. The main element in these distortions was the subsidised credit programme.3. Research and development: The main effbrt in the Philippines has beenthat of IRRI in developing small-scale methods. They were especiallysuccessful in the development of a small-scale portable thresher, which hasbegun to replace the large-scale axial flow thresher on small farms. InCentral Luzon it is estimated that 92 percent of farms are using mechanicalthreshers.
There has also been some success in the development of hand tractors.Since 1966, increased use of hand tractors for land preparation has beenin evidence. This was made possible by the increase in farm incomes andthe greater availability of credit.Domestic production of hand tractors startedan in the early 1970s withimportant stimulus arising from the introduction of a simple prototypedesigned by IRRI. Table 5.17 demonstrates not only the continued increasein the use of hand tractors but also the increa!..d share taken by thedomestic variety. Growth of domestic sales from 1972-1978 was 5.7 percent,with IRRI-designed machines accounting for nearly half of the 1975 domesticproduction.

In a sample survey of Philippine agricultural machinery manufacturers(Mikkelson), 37 percent of the firms sampled had less than 10 employees,averaging five employees per firm. The survey respondents considered thatIRRI machinery designs and technical assistance were significant sourcesof new technology. 

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 fc-d-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 manufacturedexports. Processing of vegetables was largely decentralised. Many featuresinflitence the degree of local processing. One factor isthe type of commoditiesgrown and the sort of processing required. Another is the location ofconsumption. In general, processing for local consumption takes place locally;the main choice of location arises for commodities which supply urban orexport markets. In this context, the technological facts that are relevant tothe location of processing are perishability of the product, economies of 
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scale, and considerations of product quality. For example, the rapid g .vrth 
of exports of canned mushvooms 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 different choices. In rice processing, the range and determinants 
ofchoice 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 nrultinationals, 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 intens've 
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 segmeat 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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() 	Minimum wage legislation in the Philippines waswages 	 such that averagein 	pineapple canneries in the Philippines were above thosein 	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 provirk some oftheir "own" infrastructure, encouraging concentration of facilities(Dolephil supplied some social investments).(ill) 	Organisational differences in processing: The many local companiesin Taiwan naturally led to a smaller scale and more dispersedprocessing, in contrast to the situation in the Philippines with onlytwo 	companies. But as noted there was 	also more dispersal withincompanies. This was in part due to differences in wages and infrastructure, etc. It was also due to the differences between multinationalsubsidiaries and local companies. Multinational companies tend to4.oncentrate facilities, thus economising on local knowledge andcontacts and decision-making, and 	making use of 	their familiarityv, th larger scale techniques from other parts of the world. In contrast,local companies have more dispersed loca? knowledge and contacts.(iv) 	Organisational differences in 	 farming: The Philippine plants werelargely (not wholly) supplied by plantations, which could provideuniformity of quality and large-scale supplies, suitable for large-scaleand automated processing. In Taiwan, each of the plants were suppliedby small holder farms, with a number of farms supplying each plant.This reduces the uniformity of product and 	therefore the relativeefficiency of large-scale and automated processing plants. Smaller scaleand less atutomatic plant: can cope better with less uniform com
modities .r processing. 

Example: Bananas. In Taiwan, bananav have been grown by 	 smallholders in two provinces, 7aochtng 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 threegroups of exporters-two producer groups and representatives of Japaneseimporters. Before 1963, the Japanese market was entirely served by Taiwan,with homogeneous fruit "subjecc Lo 	 little quality control, no branding andproduced as low-scale, low yield, low technological input enterprise" (Read).
In 1963, the Japanese liberalised the market for banana imports.
1963-1966, Taiwanese production 	 Fromand exports grew very rapidly, from 3.4million to 20.4 million 40 pound boxes. After 1966, the major multinationalcompanies entered the market, and after short period in whicha theyprocured supplies from Ecuador, they adopted the Philippines as their mairnsource of supplies. Three companies developed facilities in the Philippines:the 	Standard Philippine Fruit Company (Castle and Cooke), Philpack (DelMonte) and United Brands. The three companies had varied arrangementsto secure supplies. Stanfilco and 	Philpack contracted local businessmen toacquire land and provide supplies. United Brands entered into an agreementwith the Tagum Agricultural Development Company, a large Filipino company 
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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 compeLe 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, withdispersed smallholder production and decentralised processing facilities with
low levels of capital and technology in Taiwan, and multinational dominated
organisation in the Philippines, using sophisticated and expensive equipment,
and securing supplies mainly from large scale farmers or plancations. InTaiwan, the government provided various facilities-advice, fertiliser, pes
ticides, etc.-which made smallholder production possible. In the Philippines,
there was less government assistance and the MNCs provided these facilities. 

The major difference between the two examples is that the MNC product
quLlity in bananas combined with restcictive marketing arrangements (achieved
through a combination of high quality control, branding, and advertising)
successfully ousted the lower-quality and unadvertised Taiwanese product.
The Taiwanae did not find a sufficient market for the lower quality product, 
as they succeeded in doing with pineapples.

Example: Rice Processing (Pre-millingand Milling). One of the most

significant forward linkages in rice-growing 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, but 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 no power, with very simple tools. For example, a stick may
be used for threshing and rice may be dried by laing 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 ton). Grain losses during processingare somewhat lower with mechanised techniques. On average, it is estimatedthat the loss is 3.6 percent with mechanical techniques, compared with 4.6percent with traditional methods (IRRI, 1978). There are also slight qualitydifferences. More mechanised techniques lead to slightly higher quality.A survey in the Bicol area showed that sun-drying was substantiallycheaper than mechanical drying, but mechanical threshing was significantlycheaper than manual methods, when labour costs were calculated at themarket wage rate. However, these labour costs for manual methods wereall in kind rather than in cash since family labour was employed or otherlabour paid in kind, whereas over half the costs of mechanical thresherswere in cash. For farmers with limited access to cash (that is, subsistencefarmers), manual methods would be preferred. Family labour may have amuch lower real (opportunity) cost than the market wage rate in thosecases where family members would not seek outside work at all, or wherethey might but only at mucha higher wage than are tothey preparedwork 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 choicefor commercial farmers who have to hire labour for threshing, but manualmethods may be the appropriate choice for family farms. The solar methodof drying is unambiguously the best method for all types of farmer, accordingto this survey. These calculations r - at market prices, not social or shadowprices. But there is no reason to believe that, in this context, social priceswould differ substantially from market prices, except for family labour whichhas 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 poorroads. Their breakeven output levels are substantially less, and they aresimpler to produce and maintain. However, they also displace labour and
reduce the wage scale, 
 as shown in chapter four.To summatise: In post-production pre-milling activities, a combinationof hand threshing or low cost portable machines and sun-drying methodsseems to be the most appropriate choice for small farmers in the Philippines,except where real labour costs are extremely low (substantially below marketrates), when traditional manual methods of threshing remain appropriate.A survey of 137 farmers in three villages in the Bicol region in 1976-77showed 38 percent using mechanised threshers, with the rest adopting avariety of manua methods. Almost all farmers used sun-drying methods 

(RRI).
2. Milling. There is a distinction between village mills which processlocally produced rice for local consumption, and commercial mills whichhandle supplies for the urban areas. While most rice in the Philippines ismilled in decentralised and fairly small-scale mills (compared with modemintegrated 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 fbr
the st.-l hullers and greatest for the cono mills. Labour costs and other
variable costs rather similar mills per ton milled.are across 

The relative profitability of different mills depends critically on capacity
utilisation. With 100 percent capacity utiisation (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 fbr the largest (and cheapest)
of the cono mills. A national survey in the Philippines also showed that
with equal capacity utiisation, the village mills were the cheapest (see AProfile of the PhilippinesRice Milling). But the IRRI survey showed that the
actual utiisation rate was very low fbr 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 steel 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 utiisation
because of the small lots involved in milling for local consumption. Thisis 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 utiisation 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 utiisation isachievable
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 
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milling patterns, this would lead to a switch towards large-scale conotechniques which would both r#.duce opportunities for small-scale entrepreneurs as compared with smaller scale mills, and be associated with lowerlocal linkages costs since local production of the machinery is possible firthe 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 typemills fir commercial supplies. Technological improvements in this type ofmill (which are being investigated by IRRI) would help. Government andaid donor policy towards the industry is also of major importance.3. Government Policy in the Philippines towards Rice-Processing. Untilrecently small-scale decentralised techniques have dominated rice-milling inthe Philippines. However, government policy in the Philippines is to encouragemodernisation and mechanisation ofpost-production rice processing methods.The major objective seems to be to maximise the supplies of high qualityrice to the urban areas and eventually fir export. Effects on rural employment
and income distribution do not seem to be taken into account in formulatingthis policy. For example, the government is encouraging farmers' associationsto acquire threshers by offering credit facilit.es on easy terms and byproviding threshers (of the large-scale variety) for its grain centers. It is
also providing mechanical dryers.

In milling, the National Food Autbority has decided to sez upintegrated milling complexes 
four

in the major rice producing areas to producea better quality of rice. It has also launched a modernisation programmefbr private sector (cono-type) mills, making licensing dependent on millingefficiency and providing credit facilities for modernisation.
Government policy is supported by some aid-donors. In the CagayanValley, the Asian Development Bank (ADB) is helping to finance a majorintegrated rice-processing complex, designed to process 100,000 tons ofpaddy annually. This compares with an annual capacity of 1,630 tons forthe largest cono-mill in the Bicol survey, and 619 tons capacity of the steel
huller/rubber roll combination, 
 the technology identified above as mostappropriate. The ADB project will also provide a number of large threshersand 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.-whichare larger than the cono-mills described above, but much smaller than thenew complexes being built. Estimated cost per mill is $38,857 (that is, fivetimes the cost of a single steel huller/rubber roll combination).Government policies (supported in this case by the ADB) are thuspromoting mechanisation of rice processing, with greater concen-ration ofmilling in a few large-scale centres. If the policy continues, the decentralisedsmall-scale processes which have been prevalent in the Philippines, andhave been reflected in the high forward linkage effects of rice production

(illustrated above), will be displaced as rice production grows.
Conclusions from Examples of ForwardLinkages. Comparisons 
between the Philippines and Taiwan with respect to bananas and pineapples 

http:facilit.es
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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 maltinational companies dominating in the Philippines and
local companies in Taiwan. The Taiwan government provided more technical 
support, thus facilitating local companies. For .bothfruits, the product quality
associated with large-scale multinational processing was "higher" than when
local companies were responsible. For pineapple,, Taiwan's local companies
succeeded, nonetheless, 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 arrangements ousted
the apparently lower quality Taiwanese bananas in the Japanese market. 

The examples of rice processing were taken from the Philippines. Inpre-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 the ruralm areas.
The most labour-intensive tend to produce a low-quality rice. But quality
can be improved by a rubber-roll/steel hul!er combination which results
in lower-cost milling than the cono-mills, for equal capacity utilisation, and
produces rice of similar quality. Since the captal cost per mill is substantially
lower, this technique permits a much greater spread of opportunities.

In both pre-miling 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 cant ing 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 infrastructure
 
have influenced choices and opportunities in every case. These are discussed
 
in the next 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, Taiwan 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, comparedwith the Philippines. Taiwan's roads are also of a higher standard, withover one-half paved comp. red with just over one-quarter paved in thePhilippines. Taiwan also hai, extensive railway coverage. In the Philippines,the railways are of minor significance, representing an addition of only 4.0percent tc the highway cov erage, compared with 33 percent in Taiwan.The extensive coverage of rural electrification in Taiwan facilitated therapid growth of decentralised industry, including those meeting local demandsand those supplying urban and export markets. A study of the impact ofrural electrification projects in the Philippines-covering 397,000 peopleshowed that within one year of the provision of energy, over one hundrednew enterprises were established, including rice mills, welding shops, meatprocessing, ice plants, bakeries, and b.-mana cracker plants (see Dumol).The extensive transport network in Taiwan was especially important forindustries supplying urban and export markets. Indeed, the rapid developmentof this type of industry-notably food processing and textiles-in the ruralareas could not have taken place without the extensive and high qualitytransport network. As noted above, growth in the output of these industriesrepresents the most significant difference between rural industrialisation inTaiwan and that in the Philippines. Differences in infrastructure are responsible for a large part of the differences in rural industrialisation between
the two countries.

A notable feature of infrastructure in the Philippinesdistribution as table 5.25 indicates. The rural areas 
is its uneven 

in Taiwan benefit frona more even distribution as well as from higher average levels of infrastructur,
facilities than the Philippines.

There have also been significant diffierences in credit distribution in thetwo countries. In the Philippines, credit has been distributed from the topdownwards through a handful of major Listitutions (for example, thePhilippines National Bank). In Taiwan, in contrast, credit institutions havebeen 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 areasbecome an important source canof work and income. Growth in agriculturaloutput is a vital precondition for expansion of non-agricultural activities inthe rural areas. The Philippine, experience shows that even where conditionsare not especially conducive to high linkages, growth in agricultural outputleads to substantial growth it, non-agricultural opportunities, especially inthe production and distribution of goodsconsumer and services.elasticity of non-agricultural employment with respect 

The 
to growth in agricultural output is greater than one, according to Philippinc evidence: thatis, for a one percent increase in agricultural production, tore 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 of 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) int 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 reacbed) and 17.3 percent
in Mindanao. Further investment bi 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 tmctors 
incr'!sed substantially. In Taiwan, with typically smaller farms, mechanisation 
hNs consisted predominantly of small-scale methods (power tillers and small 
threshers). Further measures of land 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, ceritralised 
and capital-intensive methods were adopted in bananas and pineapples, 



166 Gustav Ranis and Frances Stewart 

largely because of the dominance of multinational companies; in contrast,
in Taiwan, local companies adopted more dispersed, small-scale, and labourintensive methods. Rice milling created very large numbers of employment
opportunities in the rural areas in the Philippines, with the growth of riceoutput associated with the ceed revolution. But government policy, withthe participation of the ADB, is promoting large-scale, capital-intensive,
integrated rice-processing complexes. The aim, in part, is to secure regularhigh quality supplies of milled rice for the urban areas, and ultimately for
export. The implications for rural job opportunities and income distributiondo 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 indetermining 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 hasbeen much less extensive, and shows considerable regional imbalance. Taiwan'shigh 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 muchgreater extent than normal. A more balanced distribution (and high level)of social infrastructure (doctors, nurses, clinics, schools, and so on) inTaiwan 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 protection-undoubtedly favoured rural industrialisation, comparatively, since the policy gave much more importance to genuine (as againstartifically created) cost advantages. Consequently, the low cost of labour inthe rural areas and the competitive advantages of small-scale and labourintensive techniques gained more leverage than in the Philippines.

Taiwan has had more favourable conditions with respect to local linkageson every count that we have identified as important-size of farm and landdistribution, mechanisation and labour absorption in agriculture, organisadionof forward processing activities, and extent and distribution of infrastructure.
However, growth in agriculture in the Philippines has been associated withflourishing non-agricultural development in the rural areas, though not atthe same rite of expansion as in Taiwan, suggesting a similar potential ifthe policy enviromnent were as favourable. In the final section, we shallconsider the political dimension to securing morea favourable policy
environmert. 

V. THE POLITICAL ECONOMY
 
OF APPROPRIATE POLICY CHOICES
 

This section discusses the political factors underlying policy choices. Theanalysis 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 me6hanisation; 
* Encouragement 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 e:onony 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 Marcos 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.Analysis of matrix 5.2 permits identification of (i) political feasibility ofvarious policies in the current context; (ii)location of possible interventionby international donors, and where they might plausibly influence theoutcome; and (iii) possible changes in policy mix following political changes.While clearly the outcome shown in the matrix is neither definitive norfully objective, the approach permits a more analytic discussion of politicalelements than is normally undertaken. (See Timmer and Falcon for asomewhat similar approach, in the context of international comparisons ofpolicies towards rice.)1.Political ,¢easibility: In the present political system, where the influenceof large landowners, the elite, and foreign interests areinfluence paramount and theof the small-scale sector, especially in the rural areas, is small,many of the policy changes which would promote rural industrialisationshow negative net political advantages. Three policy changes have a positiveoutcome: policies of agricultural investment; expenditurestructure; and policies on rural infrato change the crop composition towards high-valuelabour intensive crops. In so far as the first two policies require additionalpublic expenditure, there may be negative effects from reduced expenditureelsewhere and/or increased taxation. In addition, especially in the presentclimate, international aid donors might oppose increased expenditure. Nonetheless, these policies are less likely to meet decisive political oppositionthan most others. Moreover, additional revenues are likely to become availableat the local government level if the expendituresinfrastructural projects. Policy towards 
are for locally plannedcrop composition requires furtherresearch to identify possibilities, obstacles, and incentives required.2. By strongly supporting (or opposing) particular policies, aid donorscan influence the outcome, especially where they are directly involved. Forexample, if the World Bank reversed its policy fur credit fur agriculturalmechanisarion, and the ADB reversed its policy supporting integrated rice
processing complexes, 
 this might be decisive. Where the net gain or lossis relatively small, the aid donors might change the outcome. According tothe matri.L, this might be the situation in relation to agricultural prfe". andcredit.


(as 
3. Tl'.e matrix makes it clear that the present policy set broadly reflects
one would expect) current political influence in the Philippines: inparticular, the small influence of landless labourers and rural industrialists,and fairly small influence of small farmers, leads to the net disadvantage ofmeasures such as land reform, reform of credit favourentrepreneurs and general support for small-scale processing and production. 

to small-scale 
It is possible that the changing situation in the Philippines-after Marcoswill change the perception of political significance of various groups. Thematrix of net advantages would then change.Taiwan adopted most of the policies discussed above during the 1950sand 1960s. This reflected a different conjuncture of political interests. The 
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Chinese 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 ware 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 mad 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 correpondingly 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 employment 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 employment in the rural areas than any other single policy
to promote AT. A development strategy which strengthens the agricultural 
sector and supports rural industrialisation leads to stronger growth in both 
agriculture and rural in lustry since linkages between the two mean that 
their growth path is mi xually strengthened. 
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TABLE 5.1
 

Size of establishment by region, Philippines, 1975
 
1 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
Total 
 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 and 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.
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TABLE 5 .4 

Income distribution in the Philippines and Taiwan
 

Philippines Taiwan
 
1956 1961 1971 1953 1959 1964 1972 1981
 

Share of income of lowest 40% of households:
 
12.f 12.1 11.9 11.3 15.4 20.3 21.9 22.6
 

Share of income of lowest 20% of households:
 
4.9 4.8 3.9 3.0 5.7 7.7 8.8 8.8
 

Share of top 20% of households:.
 
55.1 56.4 53.9 61.4 51.0 41.1 38.6 37.1
 

Gini coefficient:
 
0.48 0.50 0.49 0.56 0.44 0.33 0.29
 

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

Report on the Survey of Personal Income Distribution in
 
the Taiwan Area, DGBAS.
 

TABLE 5.5 
Average growth of GDP by industrial origin
 

% p.a.
 

1960-191.0 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 
 - 0.9 2.4

Industry 
 7.3 3.9
 

Labour Productivity:
 
Agriculture 
 3.6 2.1*
Industry 
 5.7 2.7*
 

*1960-79
 

Source- Oshima, H. (1983 and 1984); Li, 
Kwoh-Ting and
Tzong-Shia.:, 
Yu (eds.).
 

TABLE 5.7
 

Export performance

% growth i'i 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.
 
% agricultural products 
 67.7 86 
 9.2 39a
 of which processed 
 55.7 n.a. 5.6 
 n.a.
Industrial products 
 32.3 
 4 90.8 45a
 

a1 98 1
 

Source: World DevelopmentReport 
 1980, 1984, World
Bank; Monthly Statistics of Exports and Imports,
Taiwan; Tzong-shian Yu.
 



TABLE 5.8
Formal Sector Employment, Gapan Area, Philippines, 1961-1971
 

Employment Employment
1961 1971 
 1961 1971
 

RETAIL TRADE- CCNSTRUCTIOLNC-goods 
 308 611 Contracting 48
Durable goods 
 14 89 Materials supply 
196
 

30 61
SERVICES-
 Cement prod.

Restaurants,refresh. 
 47 177 Gravel/sand 

- 84 
57 70
Barbers 51 120 SPECIALITY INDUSTRIES-Billiards 23 60 Sandals 80 346Amenity shops 32 49 Rattan furniture 38 123LIGHT TRANSPORT- Needlework 
 43 125
Passenger jeepneys 
 71 164 Other 
 195
Servicing shops 24 79 

196 
PUBLIC SERVICES 914 1,560Calesas/pedicabs 350 
 10 AGRO-INDUSTRIES PRIIARYTricycles(iotorised) - 900 Agric. input dealers 16 45TRADES-
 Rice mills,trucking 268 730
Tailoring 
 55 151 Rice dealers 56 
 140
Dress.ring 16 
 57 Other 
 40 80
Bakeries 
 37 101 SECONDARY-
CRAFTS- Service stations 23 78Sash works 8 51 Transport shcps 35 56Iron works 6 20 Vehicle body builders 21 33Furnishing 27 51 
 Equip. assembly 1 30
 

TOTAL 2,934 6,643
 
Source: Gibb, Chapter VII.
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TABLE 5 .9
 

Rural non-agricultural employment in Taiwan
 

1930* 1956 
 1966
 

TOTAL, '000s 
 38 573 488
 

% of total rural 24.4 29.3 
 48.8
 
employment
 

% non-agricultural employment
 

Mining 
 .0_ 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
 

Commercv 
 27.5 15.9 
 11.1
 

Transportation and

Communication 
 9.9 6.8 4.6
 

Services** 
 16.7 36.1 41.8
 

Other 
 12.3 
 2.1 12.8
 

*Includes nine second-rank towns.
 
**Includes 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
 
Rur&1 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
 

Furniture 7.7 6.9 6.9
 

Chemical 5.7 6.0 
 9.2
 

Non-metals 4.7 6.0 4.1
 

hetallic Products 12.6 11.7
 

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 after seven largest
 
cities.
 

Source: Ho.
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TABLE 5.11
 

HOUSEHOLD TYPE INCOME PER 
HOUSEHOLD 

SAVINGS 
PROPENSITya 

LOCAL 
PRODUCTS 

FOOD 
EXPORTS pesos LINKAGEb as % of 

consumption 
Non-agricultural 17,930 0.28 0.435 42.5 
Irrigated farm 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, A41, 8.
 
aExpendLture on consumer durables is not included in
 
consumption.
 

bLocal production linkage is % increase in local

production, including food, in recponse to 1% increase
in household income.
 



1950 

1960 

1964 

1970 

1980 

1982 


1952 

1965 

1974 


Source: 


Rice (2 crops) 


191 

209 

217 

206 

124 

111 


TABLE 5.12
 

Labour-use per Ha in Taiwan
 
Days per hectare
 

BY CROP
 

Other
 
Common Crops 


117 

123 

126 

131 

107 

109 


BY REGION
 

Sugarcane Mushrocms Asparagus
 

270 n.a. 
 n.a.
 
275 n.a. 
 n.a.
 
255 270 700
 
225 270 730
 
130 200 530
 
110 180 300
 

Mainly rice-growing Rice/sugarcane Bananas/pineapple Tea
 
287 
 296 
 314 276
357 
 355 
 312 302
321 
 363 
 227 227
 

Taiwan Agricultural Cuuncil; Galenson, Table 2.15.
 



TABLE 5 .13 
Crop Composition, Philippines and Taiwan
 

Metric tons as 
% of total of crops
 
shown 
 Index of Growth
 

iipines 
 Taiwan 

1960 

Ph pines Taiwan

8 1983 
 196T----T978 
 197771T96 
 1978-9-6-
Rice 
 48.7 
 40.5 40.6
Rootcrops 26.7 28.7 1.8
18.4 16.9 14.0 1.2


Sugar 45.8 17.2 2.0
23.6 18.4 18.0 0.5
12.2 
 8.5 
 2.0 
 0.8
pineapples 
 5.7 
 20.3 
 24.3 
 3.7
Citrus 5.1 6.50.6 0.7 1.60.7Vegetables 3.0 3.2 2.5 
0.7 1.5 2.9 6.810.8 33.1 2.2 3.5 

TOTAL 
 100 100 100 
 100 
 100 
 2.2 
 1.1
 
Most labor

usinga
Least 1l9bor- 3.0 3.1 108 33.12.5 10.8 2.2 3.5
using 
 24.7 39.5 39.0
Intermediatec 50.2 23.8
72.3 57.5 58.6 3.0 0.6
38.9 27.2 
 1.9 
 1.9
 

avegetables.
 

bRootcrops, citrus fruits, bananas and pineapples.
 
cRice and sugar.
 

Source: 
 Hou and Tzong-shian; Taiwan Agricultural Yearbook; PhilippinesStatistical
Yearbook.
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TABLE 5.14
 

Agricultural machinery
 

Type H.P. Phil. value 
added as % 

Labour cost as 
% selling price 

selling price 

Power tiller 6-8 43.9 7.3 
Tractor 
Irrigation pump, 4" 

35 
5 

41.0 
52.6 

2.2 
15.8 

Portable Thresher 7 49.8 6.8 
Large axial flow 

thresher 12 45.7 7.8 

Source: Ahamnmed and Herdt, Appendix B.
 



TABLE 5.15
 
Direct and indirect employment effects of increasing rice production
 

Effects of 1% extra rice production
 

Power Irrigation Thresher 
 Direct emp. Indirect Total 
 Share of income
 
000s
1. Carabao gravity hand of landlord
14.5 27.5
2. 42.0 0.44
Power tiller gravity hand
3. 15.9 27.1 43.0
Power tiller gravity --all portable 12.4 27.6 

0.41
 
4. Tractor gravity 40.0 0.50
axial flow 11.2
a 24.8 36.0 0.49
 
5. Carabao 
 4" pumrp hand 

6. 23.7 31.3 55.0
Power tiller 4" pump hand 21.7 

0.37
 
7. 31.3 53.0 0.37
Power tiller 
 4' pump small portable 17.4
8. Tractor 10" nump large axial flow 

31.6 49.0 0.46

9.0 28.0 37.0 0.58
 

9. Carabao 
 rainfed hand 11.0 20.0
10. Power tiller rainfed 31.0 0.33
hand

11. 9.7 18.3 28.0
Power tiller rainfed small portable 7.3 

0.45
 
19.7
12. Tractor rainfed large axial flow 

27.0 0.51

5.3 17.7 
 23.0 0.54
 

Source: Ahammed and Herdt.
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TABLE 5.16
 

Sales of agricultural machinery, Philippines
 

Year 	 Four-wheel Power tiller
 
tractor
 

1960 588 n.a.
 
a


1964 950 1,505

1968 1,630 1,873
 
1972 1,120 1,408
 
1976 1,074 8,937
 
1980 b 433 2,298
 

aCumulative total, 1960-65.
 
Includes 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 
1975 
1976 

2,338 
5,225 
5,670 

4,383 
5,852 
3,682 

6,721 
11,077 
9,352 

35(63)* 
47(58)* 
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 pineappie canning: Philippines and Taiwan
 

*All operations, including pineapple corers, cutters, and
 

PHILIPPINES TAIWAN 

(M) (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 2,262 935 

(i) Dolefil 
(ii)Philpack

canning.
 

Source: Armas, 1975, Table 1.
 

TABLE 5.19
 

Average 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.
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TABLE 5.20
 

Banana imports into Japan
 

(million 401b.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, 1978, Table 10a. 

TABLE 5.22
 

Costs of alternative techniques
 

$ per ton
 
Manual Mechanical 

Threshing 
Cash - 2.08 
Non-cash 7.91 2.21 
TOTAL 7.91 4.31 

Drying 
Cash - 6.30 
Non-cash 1.61 0.65 

Source: IRRI, 1978, Tables 19 and 21.
 



TABLE 5.23
 

Rice Mills in the Philippines*

Labour cost 
 Total cost per ton
per ton Capacity,
Utilisation rate- Quality 
 Capital
KG/hour K/L
Recovery
"VILLArE" MILLS: Head rice 
 cost (approx.)
Actual** 
 50% 100% 
 %
Steel Huller 
 $1.70 


*Selection from IRRI Survey.
 

10.80 (12) 5.00 4.09 105-520 63.1-68.7 32.0-48.1 4,734 3,150 
Rubber roll/steelhuller rol63ee 2.20 6.50 (77) 7.91 5.91 245 69.2 71.3 7,633 5,090

5,090 

"COMMERCIAL" HILLS: 
Large Cone 

Small Cone 

1.80 

1.80 

6.80 (97) 10.91 

16.04 (38) 13.50 

6.69 

9.30 

830 

240 

70.63 

66.25 

76.75 

75.55 

42,700 

13,301 

17,080 

8,870 

**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.
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TABLE 5.24
 
Infrastructure, Philippines and Taiwan
 

UTILITIES Philippines Taiwan 

% households with 
electricity 

1975 
26.5 

1952 
33.0 

1979 
- 7 

Installed electricity 
capacity: Kw per 1,000 
people 

1950 
27.0 

1970 
95.8 

1950 
139.1 

1970 
719.3 

% households with 
telephone 

1975 
1.1 

1952 
2.0 

1979 
71.3 

% households with 
piped water Urban 

55.1 

1975 
Rural 
10.1 

Total 
23.6 

1952 
Total 

14.4 

1979 

63.8 

TRAISPORT
 

Highways, metres per 1.983 1974
 

sq. km. 179 458
 

Paved roads as % 26.3 51.7
 

Railways, metres per 7 153
 
sq. km.
 

Sources: Statistical Abstracts of Transport and Communications 1974,
 
Taipei, 1975;
 
Philippines, Ministry of Public Works and Highways;
 
Philippine Development Studies, Reional 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 
 Luzon 
 (Metro Manila) Visayas
% of population Mindanao

100 
 54.0 
 (23.7)
%infrastructure 24.1 
 21.9
00 
 73.8 
 ( 8 3 
 3 51 
 .
expenditure, 71-71 
 (28.3) 13.5 12.7
 

% gross value added 
 i0n 
 84.3 
 (71.9)
in utilities, 1974 11.8 3.9
 

Power capacity per 74 98
1,000 people, Kw. 1975 

40 50
% of GVA in agriculture 100 
 46.9 
 (17.8) 
 30.5
1974 22.6
 

% of GVA in industry 100
1974 74.1 
 (45.4) 
 17.2 
 8.7
 
Source: 
 Philippine Development Planning Studies, Regional Planning Series, No. Two,
 
Three and Four, National Economic Development Authority, Manila, 1981.
 



MATRIX 5 .1: GAINS AND LOSSES 

INTEREST GROUP 
POLICY CHANGE 
Prorote agric. 

Prices/credit Investment 

Policies within agriculture 

Land reform Credit/mech. 

Rural infra. 

crop comp. Elect./trans. 

Forward Link 

Credit Support 
Small
&cale 

Large landowners/ 
farmers 

Small farmers 
Landless l"bourers 
Rural industrialists 

G 

G 
G 
G 

G 

GG 
G 
G 

LL 

G 
GG 
G 

L 

G 
G 
G 

N 

G 
G 
G 

G 

G 
G 
GG 

N 

N 
N 
GG C -

Elite/cronies 
Urban workerj 
Urban u/e, informal 

1 
LL 
LL 

1 
1 
1 

L 
N. 
N 

1 
N 
N 

I 
N 
N 

N 
N 
N 

L 
N 
N 

Aid donors 
Foreign Cos. 

G 
N 

G 
N 

F 
L 

U 
L 

N 
N 

U 
N 

u 
L 

U 

g: small gain 
G: medium gain 

GG: large gain 

1: 
L: 

LL: 

small loss 
medium loss 
large loss 

N: neutral 



TABLE 5.26
 
HYpothesiaedpoliticalweight of interest 
rous
 

Large Landowners, 

tarmers


Small farmers 
 15
Landless labourers 
 10
Rural industrialists 

Elite/"cronies. 2
 
Urban workers 
 1
 
Urban u/e and informal sector 

25
 
15


Aid donors
Foreign Cos. 5
 
Total 17
 

10

100
 



- -

- -

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 +3.2 +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 u.orkers -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 % 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 zero).
 

NOI 
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Appropriate Technology
in Sugar Manufacturing 

Ra.phae!Kaplinsky 

I. INTRODUCTIONThe choice of technology in sugar processing has been debatedliterature for some time.' In this chapter, we build on these various analysesin order to subject the specification and choice of appropriate technologies 

in the 

to more scrutiny. In particular, we aim to illustrate how innovationdetermined by both micro-technological is 
the macro-political, and intra-enterprise factors and byeconomic, and social environment. In thesection, we consider the followingspecification of appropriatenessrecent debate in light of theon appropriate technoiogy (AT) and choice of technology inthe sugar processing industry. In section III, we draw upon evidence fromproject implementation in both India and Kenya to determine the patternof innovation in tis Industry. This is followed in sectionapplication of a IV by theparticular

technical choice 
mode of analysing the political economy of(as developed by Stewart, 1983) and, in section V by abrief assessment of the strengths and weaknesses of this approach.Before we proceed, it is necessary to point to the single major difMerencein the technologies available for sugar processing. While there exist manyengineering options in a number of separate sub-processes,evaporation stage that the it is in thecrucial technological difference arises. Sugarcrystals ("non-invert sugar") are produced by evaporating the water in cane
juice. To maximise the availability of this crystal 
 sugar, tMe major trick isto avoid producing "invert-sugars" whichwhich cannot are dissolved in the molasses andbe converted into crystals. Whileextent of invert-sugar production, 

many factors affect theonce the crushed juice has been clearedof impurities the major determining factor is the temperature at which thejuice is boiled. The higher the temperature, the greater the proportion ofinvert sugars produced. Hence, aboutwhich boiled the juice 
150 years ago the first technologiesunder vacuum conditionslowered were introduced. Thisthe boiling point of the juice and hence increased the yield ofsugar crystals, but at the same time it made the process inherently capitalintensive and subject to economies nf scale. By the early 1970s, the optimal 

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 inensuring the availability of such large volumes of cane, many vacuum-panplants 'vere either designed to operate at a lower capacity' or, de factooperated at a lower rate' whatever their designed crushing capacity.

An alternative process, basically modelled on pre-vacuum pan technology,
continued to be used, especially in South Asia. In essence, the majordifference was that after clearing the juice of impurities, this process boiledthe 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 lowercrystal-sugar recovery rate and a slightly discoloured and unevenly granulatedproduct which in India at least (but not in Kenya), sold at a lower price
in the final market. 4 Given these disabilities, the profitability of these OPplants 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). Thenbetween 1978 and 1982, a series of improvements was made in the crushingand boiling sub-processes of the OP technology. These followed a longperiod of sporadic research and development. Because these improvements
significantly increased 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 theAT. The other involves the detailing of particular characteristics of thechoices in question, and is well-represented by the following quotation from 
USAID. 

In terms of available resources, appropriate technologies are intensive in theuse 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-scalebut efficient, replicable in numerous units, readily operated, maintained andrepaired, 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 environments.6 And second, it is more likely to signpost particular problemswhich require action-discounted NPVs have a tendency ta "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 perc;r.t. Heobserves that "despite the plethora of comment on the issue [of ATI, thereis as yet virtually no hard evidence en what actually constitutes the appropriatetechnology" (p. 184). This observation is footnoted (after "technolugy"):
"Here defined as that technology which maximises social welfare whenproducts end factors are shadow priced" (p. 201). Then following a detailedworking of numbers, Forsyth concluded that "the choice of technology
embodied in existing sugar factories in this scale range (for example, inmedium 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 therecent 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 15socio-economic benefits obtained from the mini-sugar technology, including
the production of 10 percent of India's sugar; a capital investment of Rs1 billion in rural areas; the employment of 300,000 people in the agriculturaloff-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 only60 percent as much iron and steel as VP plants of similar capacity; minimal 
use of mechanVed transport (compared to 60 percent for VP); provision
of repair services to surrounding industry; the filtering down of technology
to the jaggery industrie3; and a significantly shorter gestation period than
VP mills (Garg, 1979, pp. 13-14). In addition, whereas OP is "producerowned," 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 processing 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 richerthan the social-welfare maximisation methodology which ATin the 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 discumsion of the operating characteristics of the two types of plants 
is based upon fieldwork in India and Kenya and two different ecological 
zones. 7In 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 Rsl6.6 = 1 pound sterlhig 
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 

http:Ksh18.67


196 

Raphael Kaplinskyif total 1980-81 sugar production had occurred through the sole utilisationof any one of the three types of technologies under consideration. (As weshall see in later discussion, it is only in Indian issue, where that product quality becomesit is reflected in lower market prices fordiscount has been taken into account OP sugar; this 

ability-see Kaplinsky, 1983). 
in the estimation of private profit-The results of this analysis are striking. InIndia, if 200 tcd OP technology is considered, there is a threefold increasein aggregate employment using only 70 percent of the investment in VP;in Kenya, the employment increase is almost sixfold, and the capital costonly

With27 percent.regard to land utilisation, the attractiveness of OP to LDC policyis less obvious; because of its lower sugar recovery rate, the land neededfor cane is higher by about 15 percent. In both countries land isand ready alternatives exist to cane scarceproduction. Toinsofar some extent-that is,as the "social value" (whatever that means) of sugar is reflected inrelative agricultural prices-this differential land utilisation has been considered in the analysis since the higher physical input of cane is reflectedin the higher cane costs incurred by the OP plants. Nevertheless, preciselybecause prices hide distributional concerns,
remains pertinent 

the issue of land utilisationto 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 quantitiesofspecial steels have to be imported. Additionally, key items of VP equipmentare produced under license from freign firms, involving marginal paylmentof foreign exchange. While around 14 percent of VP sugar is exported, itcould be argued that it is the provision of OP sugar for domestic needswhich facilitates these exports; if necessary,technology, domestic needs could 
say the proponents of OPbe met with OP sugar and specialisedVP production would take place for the export market. Finally, with regard
to exports of equipment, both VP and
Therefore, OP technology are sold abroad.the foregn 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 madelocally, though with some 
imported inputs (probably one-third to one-half
including indirect imports by final value). This is reflected in the differentialin the relative prices of VP and OP equipment in India and Kenya; comparingthe installed costs of similar sized9.45:1 for VP, and only 4.07:1 for OP. 

plants, the Kenya:India cost rates areA similar situation to that of Indiaexists with regard to potential sugar exports (Kenya has a small quota of50,000 tpa under the Lome Convention), but as yet the country is not selfsufficient in sugar, and, in 1982, domestic pricesfree-market world were almost double theprices. Finally, mostmanagement contracts of the VP mills operate underwith 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
tcd 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
cieaning 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 employment 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 therecer.: 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 
generlly 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 tcd 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,9 but also because it enables smaller sized agricultural
areas to be exploited. In Kenya, for example, to feed a 7,000 tcd sugar mill
requires around 42,000 hectares, equivalent to 420 square kfometres, whereas 
a 200 tcd OP plant requiret only 10.4 square kilometres. Moreover this
also has implications for transport (and hence importel energy and fixed
capital) costs, since 'he 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 afoot to have the pansare 
one of the more complicated items of equipment-cast locally, perhaps inthe 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 machinerymanufacture is concentrated in a handful of sites within close proximityto major cities, and manufacture and most maintenance and repair areinternalised within the mills. By contrast, OP machinery manufacture isdispersed widely, many near rural towns rather than major cities. Moreover,particularly in repair and maintenance, they are less specialized than thesuppliers of VP equipment and hence respond to the needs of other ruralindustries aside from sugar production. The differential linkages of thesetwo types of plant are clear, in this case affected more by the imperativeof 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 thereare important issues arising from the choice of crops. Often (especially inKenya where sugar production is expanding rapidly and farmers are movingout ofother crops and into cane) this has important distributional implicationssince the substitutes for sugar are maize and beans, crops generally controlledby women. Cane production, however, is generally controlled by men whoappropriate the cash proceeds; the choice of crops, therefore, affects notonly the gender division of power, but also the nutritional health of thefamily. This is because directly consumed and nutritious foodstuffs are beingdisplaced by a cash crop where proceeds are often used for schooling andconsumer durables, spending decisions generally made by male heads ofhouseholds. A second factor reflecting the complexity of analysis on farmingsTstems is that we often categorise them into two distinct types, whereasthe production function is often much more continuous, merging at themargin. Thus the type of farming systems considered in the analysis may

be much clearer in theory than in the real world.Nevertheless, despite these difficulties there are interesting observationswhich can be drawn with regard to the farming systems associated withthe 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 systems for factor and input utilisation is shownin table 6.2; most AT practitioners would approve that the balance offavourability lies heavily in favour of the marginal and small farmers. Yettheir land productivity-at least traditionally-has generally been muchlower, 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, thisdiscolouring is exacerbated by the cane sugar recovery rate which resultsin OP sugar having a higher molasses content. It also means that OP sugartakes slightly longer to dissolve and has a stronger taste. And, third, themanual 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 isa cultural phenomenon, but it also reflects the extent to which sugar isprocessed.' 3 In Kenya, refined white sugar is not produced and the OPproduct sells interchangeably in the market place with VP raw sugar-infact the management of some of the VP mills is so bad that the betterquality OP sugar actually fares better in relation to the criteria used bythe VP mills themselves! By contrast in India, where sugar production hasa long history and where refined white sugar is widely processed, the OPproduct is easily recognized and sells at a discount (around 10 percent) inthe final market. Whether the product characteristics are any less acceptablein the social sense is a moot point-if anything the higher molasses contentmakes it slightly more healthy. However, it is important to recognize tieperceived "inferiority" of the OP product. But it is equally important tonote 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 function and the factorprice line-has long been debunked. It is clear to most AT practitionersand observers that this formulation of technical choice has to be rejected
not only because of the non-homogeneity of factors prices,
or but alsobecause societies are not composed of the atomistic human units assumedin the neo-classical formulation. Instead, with the gradual evolution of thedivision of labour, human beings assume social roles. These roles are limitedin number, and hold identities of interest, hence giving rise, inter alia, tothe concepts of "class" and "interest groups." Moreover, the definition anddivision of such roles reflects the social relations underlying production
the mode of production.

The recognition that there are coherent identities of interests betweendifferent groups of individuals underlines the general recognition in the ATfield, even amongst the social-welfare economics school, that appropriateness,if it has any meaning at all, is inherently relative. It depends upon thedifferential impact of innovation on diverse groups who may not only bepoor, but who may also share a common in the socialrole division of 
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labour (e.g., gender, class). It also, however, has another spin-off in theliterature, in that it offers insights into processes whereby particular technologies become the dominart method of production, either in terms ofstatic production-effiiency, or in relation to changes in productive efficiency.This is because the generation of new technology or the improvement ofexisting technology does not follow an immutable, Darwinist direction.Instead, it reflects the application of resources designed to overcome specificobjectives which are defined by the class or interest group directing thesetechnical-change resources.
Yet behind this general recognition of the need to generate
economy approach, there lies a politicala measure of intellectual disagreement. Thishas important implications for the room to manoeuvre in promoting sociallydesirable patterns of innovation as well as far the widespread diffusion ofappropriate technologies. Analytical perspectives vary from vulgar Marxistformulations, which suggest that there is no room for manoeuvrewithout fundamental at allchanges in the pattern of socialexplicit in the perspective of many 
relations, to thoseAT practitioners, namelysufficient persuasion, almost anything is possible. In this 

that with 
morass of views,Stewart (building upon the earlier formulation of Enos), suggests a way ofhandling the analysis of technological diffusion. Since weexplore this methodology via the case 
shall attempt to 

it is necessary study of sugar processing technology,to describe this approach in a littlereaders more detail. (Interestedare referred to Stewart (1983) and Enos (1982) for greater clarity.)Their game-theoretic approach begins with the conception that giventhe existence of two particular interest groups, three alternative resolutionsare possible. Either the innovation is in the interest of bothwhich case groups, init 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 whichcase the outcome is uncertain. It is in this last categorypolitical-economic that they offertools to analyze the spread of innovation. The methodoffered is the construction of a matrix-the row entries comprise the various
interest 
 groups, while the columns are made up of the items of choiceunder 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 
groups or 

the power of particular interestby offering a "sweetener" or a dilution of the costs.The suggestion that the individual entriesproblematic might be weighted is morethan it miht at first seem. The easiest conception of theseweights, which inherently relate to private costs and benefits, is one whichcalculates the discounted benefit/cost of every option, expressed in unitsof money. However, aside from the problem of estimating these numbers,this implied conception of power relations is inherently economisticreturn to this in section V). Therefore, for these and other 
(we 

constructing the reasons, inmatrix we stand back from estimating the value of 
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parameters. Instead, we reflect eaca 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 tu.-in 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 assesscs 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 ofwomen. 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.14 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 larger VP supplying firms are actively considering the 
manufacture 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. 

http:lower.14
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Interest Groups in FarmingAgain we perceive a broadly similar pattern of group interests in India andKenya. The interests of smaller farmers, who are located far from the VPsugar 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 OPmills. 15 In direct contrast, estate production or large farm production mightsuffer from the diseconomies imposed by small-scaletheir interests are OP plants, and thusbest served by the large-scalemedium sized farms carn 
mills. The interests ofbe met by either VP or OP mills, depending uponthe particular circumstances. It is important that despite regional variationsin both countries, it is the medium and large-farmers whose power predominates in the political arena. 

The StateThe state apparatus comprises heterogeneous interest groups, particularlyin India where the class composition of individual state-governments differssharply from that in the central government.
distinguish between For ease of analysis wesenior decision-takers, whose personal decisions areoften instrumental in final policy, and the bureaucracy, whose task is largelyto implement (or undermine) these executive decisions. 16 In India and Kenyaboth groups have historically favoured VP. This is easy to understand withrespect to the senior decision-makers who gain greater credit from a brieflyvisible single project, or who gain personally from project implementationin both of these rent-seeking economies.'7 At the bureaucratic level of thecivil service, the rationale may be difficult to understand,effect is similar.' 

more but theThus both groups, especially the extremely powerful seniordecision-makers, seem to be lined up in favour of VP 

Aid AgenciesAid agencies have a large profile in Kenya. Individual bilateral loans havebeen provided for plant acquisition well asas for the provision of infrastructure, especially for roads. Almost without exception these bilateral loans
have been linked 
 to the sale of equipment which naturally, given thespecialization of developed-country machinery suppliers, involves the choiceofdeveloped-country technology. Multilateral-aid has also played an extremelyimportant role in Kenya, particularly throu7h the World Bank which hascoordinated much of the aid to the sugar s.-ctor.While there is no inherent reasonnecessitate VP technology, there has 
why this multilateral aid should never been any question but that itdoes. Why this should be the case is partly a reflection of the world viewof decision-makers in the state, the implicit and explicit output-maximisingcriteria they use (see James, 1986) and the widespread use of developedcountry consultants, often funded by aid-agencies. 
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Given Kenya's balance of paymenits problems and the perceived absenceof finance f&r non-aided sugar processing investments, these aid agencieshave assumed an extremely important role in directing choice towards VPtechnology. In India, by contrast, the sugar industry has been a domestic
issue for some time and aid agencies have huld little role to play. 

The "Public Interest" 
The "public interest" has a much more important role to play in economictheory than in the real world where it is poorly articulated. It is relevantto the choice of sugar processing technology in three major ways. The firstis with respect to price, where OP sugar is more favourable. The secondrefers to the amorphous concept of welfare which includes such diverse
issues as the dangers of monocropping (more prevalent with 'P), intrafamily welfare, and the nutritional content of sugar. For both of the latter,and in most other respects, OP sugar would be considered preferabl. b,most observers. And, third, the public interest includes consideration ofenvironmental impact where because OP technology is typically associatedwith smaller farms which use less pesticides and fertilisers, the balancetends to be in its favour. It would appear, therefore, that the balance ofpublic interest favours OP technology. 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 STEWART/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 sincegovernment policy on sugar pricing is crucial, this must be considered intandem. Next we appraise the effect of other government policies on thechoice and generation of technology and conclude by trying to theorise.about the political economy of technical choice in this sector in the twocountries under consideration and in light of the earlier application of theStewart/Enos methodology. The analysis is also useful in illustrating theinterplay 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 isextremely 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 asuitable measure; each has its drawbacks.") Secondpossible it is necessary whereverto obtain operating data, rather than projected performance. Thisis important not only because actual p,:rformauce is often diffierent fromprojected operation, but also becau~e individual enterprises will often payvery different prices for the 3ame material inputs, services, and factors. And,third, in a situation where the sugar price is controlled-theKenya and India-the valuation case in both
of output has a critical bearing on theanalysis.


In the face of these and other difficulties, we have made
simplifying steps. While a number ofthese are often inherently crude, they offer areasonable picture of the basic parameters. First, instead of calculating therate of profit or a discounted NPV figure,to determine whether plants can 
we consider costs of productLn

operate at particular sets of prices. Thisis probably the most relevant measure to use, given the difficulty encounteredin the valuation of output, a point considered b-.low. Second,attempted we haveto estimate the performance and cost structure of typical OPand VP plants. We believe this is a valid procedure since the inter-technologyvariations are much more significant than the intra-technologythird, we have made ones. And,an impotVwt adjustment to the valuation of output.In India and Kenya the controlled price of sugar is estimated on the basisof hLtoric-cost accounting with little recognition of the need to depreciateat replacement values. This is advantageous
inherently more for the VP plano which arecapital intensive and for whom the effective omission ofdepreciation costs significantly a-cts operating costs. We therefore showthe effect on the cost structure if capital is depreciated at replacement costs.Taking these factors into account we can roughly gauge,raeasure with a fairof confidence, the relative cost-structure of the two types of plants(table 6.3). The results are unambiguous. Given the existing price-structureof sugar, the improved 200 tcd OP plants can just about cover their costs
of production; 
 this assumes however, that the OPreplacement costs, while VP mills depreciate 

plants depreciate at 
at histcric costs. 20 However,if sugar prices are set to reflect VP plant acquisition at replacement costs,the capital intensive VP mills are hard-hit and the balance of costcompetitiveness swings heavily in favour of OP. In the light of their lowerinvestment 
 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 insignificantrole in sugar production, especially in Kenya. There it accounts1.7 percent for only 

profitability 
of output, and in India for around 30 percent. Relative realis given little chance to determine allocationcomprehensively masked since it is so 

But, it addition, there 
by the sugar pricing policies in both countries.are other goven.ment policies, especially in India,which have an important bearing on the allocation of investment betweenOP and VP technology. It is to these policies which we now turn ourattention. 
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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 impoi ts,
had a major 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 *rices 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
had to be oid 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 cappcity (all expansions and plants werenew 
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 commission (The
Sompath Committee) was set up and made four major recrmnmendations: 
first, new and expanded mills could sell a greater percentage on the wholesale 
market rather than at the lower price to government; 2' second, state 
governments could subsidize cane purchases;" third, soft loans were made 
available for n.w or expanded plants; and finally, VP mills were -ncredit 
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 fixed 
weekly tax on the size of the centrifuge, a key piece of equipment.2 3 In 
1965, following representation, a distinction was made between two different 
sorts o,"OP phrts and the non-sulphutation mills were freed from compound
duties. OP n!I-- 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 
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technology but by size of investment, ecological zone, and region. 'he 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 upto eight years. It is clear, therefore, that when comparin-g the impact of 
state policies in India on the choice of technology, it is not easy to determine
which sector the state favours. If older 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 orexpanded 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 -nade to move towards self-sufficiency In sugar
production, despite the growing shortfall in overall food production. By
1982, at replacement capitl costs, around Sterling £354 million had been
invested in VP sugar mills, with additional infrastructural ii,'estment 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, initiall-/ joint
ventures with foreign firms. But as price controls eroded profitablity, the 
state came to own most of the equity in these VP enterprises. Two of the
three OP mills (one ofwhich 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 berequired 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, settinga 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.24 By contrast, OP plants (for which, giventheir 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. 

http:subsidised.24
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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 produce 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 traie 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-rolicy environment and technological
change-not only in India but also in nineteenth century France, Germany,
and thi 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 M.K. 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 equivalentof 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 socialwelfare economies formulation of appropriateness, based upon the generation
of shadow-priced NPVs, is rejected. Instead the analysis discusses the specific
characteristics of individual techniques, taking into account the appropriateness of both process and product. However, it is recognised that choiceof technique decisions notare made in a vacuum, and a distinction isdrawn between the micro-environment and the macre-environment. Thisdistinction isimportant since it allows the analysis to question the compositionof the macro-environment, ultimately leading Stewart/Enos to a gametheoretic approach which weighs up the costs and benefits ofeach alternative
choice for a variety of interest groups.

There is much to command this approach, particularly in comparisonwith the arid social cost-benefit (SCB)techniques in favour with the economicsprofession and aid-agencies. Among its many positive features, three standout. First, unlike the formal SCB analysis, this formulation begins with therecognition that society is not composed of atomistic individuals. Rather itis made up of large groups of individuals who share common roles in thesocial division of labour (for example, as workers, capitalists, civil servants,women-see table 6.2) and who consequently share interests.commonUnless these common interests are clearly recognised, the forces shapingtechnical 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. Bycontrast in the SCB model, technical progress tends to be exogenous. Thereis no necessary reason for this perspective in SCB analysis, but unlike theStewart/Enos formulation the methodology does not force a considerationof the issue. In the case of sugar, for example, technical progress is a relativenon-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-theoretic formulation is that it tends to force a more systematic consideration of theissues influencing technical choice. In the case of sug~.r it forces the discussionbeyond a history of individual characteristics-capital/labour ratios, foreignexchange content, backward linkages, etc.-to incorporate a perspective onthe way in which bureaucrats in the civil service, agricultural workeroksmall farmers are likely to be affected by choice. This, as we 
or 

have seen, is 
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important not only in relation to the impact on welfare, but perhaps more 
importantly, 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 ofphenomena. 
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 dynmnp;- components of tech
nological choice-it is instructive to run briefly thi ough 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 a 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.25 Consider for example the discussion 
by White (1984) who argues that the ability of the state to intervene 
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 have 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 roots 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 isassociated with international capital. 6 Hence we immediately obtain insightsinto the significant role played by the indigenous small-scale technology inIndia and not in Kenya. Another example is the establishment cf "Vtechnology in Maharashtra State ;n India. This resulted from a specificattempt to break the class-power of the small-scale rural capitalist in bondedlabour and money-lending, rather than because of the economics of technicalchoice (Baviskar, 1980). These, of course, are only the briefest outlines ofthe sort of analysis which might be pursued.
 
The Theorisation of Capital

In the same way that we suggested that the analysis of the generation anddiffusion 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 trajectoryof accumulation adopted by particular fractions of capital. It is not thatthe class-divisions of the capitalist class areapproach, but a focus on 

ignored in the game-theoreticthe (static) balance of forces lining up for andagainst a particular technology may lead to an ahistorical viewing of evolvingstructures. Again, relating this analysis briefly to sugar processing, in Kenyatwo divisions are evident among the capitalist class. In industrial capital,the indigenous bourgeoisie is effectively absent, particularly in the largescale sector. Frustrated in its attempts during the latter years of 'he Kenyattaera to exclude foreign capital, it has once again become a rentier-class; theadvance of the indigenous industrial class is thus largely confined to thesmall-scale sector. Given the hegemonic role of this rentier-class ("seniordecision makers" in figure 6.2), VP technology trium. is. In agriculturalcapital it isthe samve rentier capital (of absent civil servants and politicians)but it is in this case allied to an emergent peasant middle class. This providesa strong impetus to VP mills, which allow for some economies of scale infarming; also, the emergent peasant middle class may undertake much ofthe farming itself under contract to these rentiers.It is not that the ganie-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 bargains 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 siibsets of capital. It thusassumes a mobility of capital between various types of technology andeconomic activity-which is belied by reality. 
An Economistic Conception of Power 
A final danger facing the game-theoretic approach is that it might tendtowards an economistic conceptualisation of power relations. The situationis most clearly evident in the attempt to place weightings in the individualcells of the matrix drawn-up to display the relationship between particularinterest groups and combinations of technical choice. The implicit messagecarried 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 hidia 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 Inif it is negative.
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 extent to which the power of individual classes or fractions 
of classes, is buttressed 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 in explaining why particular groups are wedded to types of technology,
almost irrespective of the relative rate of return. 

VI. 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 analy,es and suggest ari alternative 
based upon a game-theoretic approach.

After considering the relevance of this game-theoretic approach to the
choice 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 secondstage add-on. Instead, by reference to the sugar processing industries inKenya and India, we have been concerned to show that the pattern oftechnical progress and technical choice is best understood if some of thelessons of the political-economic analyses are brought to the central stage.This involves a more concrete theorisation of both the state and the capitalistclass, as well as a non-economistic conceptualisation of power relations.Nevertheless, despite these reservations, the game-theoretic firmulation oftechnical choice is a welcome addition to our perception of the generation
and choice of technology. 

NOTES 
1. See Baron, 1975; Forsyth, 1977 and 1978; Garg, 1979; Hzgelberg, 1979;Kaplinsky, 1983; Tribe and Alpine, 1982; and Alpin,! and Picke .e, 1980.2. In India median plant size was about 1400 tcd.3. In the Sudan, the Kenana sugar factory had20,000 tcd; 

a crushing capacity in excess ofbut in reality it seldom crushed more than 6,000 tcd due to lack of 
cane.

4. In average Northern Indian conditions VP plants had a crystal sugar recoveryrate of around 9.5 percent of cane input, while fo. OP plants it was around 7.2 
percent.

5. Under the same Northern Indian conditions, the sugar recovery rates rosefrom around 7.2 percent to 8.1 percent.
6. But so does the social-welfare economic analysis which, in theory, Inputsdifferent sets of shadow prices.7. In Northern India, where rainfall is more limited, the cane crushing seasonis 4 to 5 months; in Western Kenya it is around 10 months. This ecological variationalso 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 countriesincluding the use of different-sized are diverse

VP plants as points of comparison, different
relative machinery prices and different crushing seasons. The significance ofdiftlrentlal

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 devote morenocthan one.third of their land to cane. If therefare the 7000 tcd mill were to be fedentirely by smallholders, the cane catchment area would expand over a 20 kilometreradius encompassing 1260 square kilometres. In India, one of the 1250 mills wevisited was hauling cane from as far away a 200 kilometres. 
some 

11. It is not always easy to ascribe causality to this pattern of association. Incases-for example, where the degradation of the sucrosc content in cane iscaused by the delay in processing and where proximity is thus important-it is clearthat farming systems are determined by scale. In other cases-for example in relationto the productivity of different sized farms-the primary causality lies in the realmof 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 (Personal 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 three-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 paidinto a Swiss bank account, is a lot more attractive than that on a small OP plant.

It is also much easier to obtain and Ir-olves 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 detail.-d 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 available. By contrast many Indian VP mills are over 30 years old, and the
Kenyan VP mills have been built (and expanded) over the past 20 years.

21. The percentage varied by size of plant, ecological zone and whether expansions
or new investments were involved. The resulting complex formula 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 ofcentrifLge technology in India, but also in foreign markets (where there was no tax 
on cent-.dfugcs) 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 over 11 percent and depreciating on historic costs of sterling £37 million (ratherthan on replacement costs of around sterling £120 million) was r. ,ning at a loss 
in 19b3-81. 

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. 
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Table 6.1 	 Factor utilisation reguird€ to meet national annual sugar output

(5-150.000 toa n India 30,000 tpa in Kenya)
 

India Kenya 

No. of Capital Employ- 1e. of Capital Employ-
Plants cost (b )  mant Plants cost .meb t(fstg)	 (£tgt)(b)
 

VP Milts
(a ) 

327 1,576 284,490 
 2.6 362 4,420
 

OP mills
 
100 tcd 5,365 1,175 954,970 162 124 29,160

200 tcd 2,682 1,114 836,784 81 98 25,920
 

(a) Operating at 1250 tcd in India, 7,000 tcd in Kenya (see text)

(b) Repliaement costs 'based upon' estimates from machinery suppliers and
 

consultants' reports
 

Table 6.2 Characteristic can* farming system in N.India 

Type of farm 
Type of Marginal Small Medium Large

actlvit/ (2.5 acres) (2.5-5 acres) 
 (5-10 acres) 	 (,10acres)
 

Land Preparation buLLock buttock buLLock tractors
 
some tractors
 

PLanting butock 
 bullock butlock 
 tractors
 

& manual 

Inter-culture manual manual 
 butlock 	 tractor
 

Plant protection manual manual manual 	 power-operated
 

equipment
 

irrigation canal - canal 
 canal canals
 
no pni 
 & bore holes 	 & bore holes & tubewelli
 

Harvesting manual manual 	 manuat manual
 

Transporting bullock cart 
 bullock cart sometractors tractors 

bullock L lorries 

Fertiltfer negligible 30-40 iba of 
 50.60 tlbsof 100 IlN of
 
urea/acre urea/acre ures/acr,-


Pestlfdts none none 
 marginal 	 non-marginal
 

(no norm) 

Approx. output 30.40 
 40 40.45 ,50 
(tons/hectare) 

Source: Conversations with the Indian Suaar Cane Research Institute, Lucknow. 
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Matrix 6.1 
 Costs and Benifits
 

India Kenya 	 Significance
 
of political


VP OP VP OP 
 power
 

In direct production
 

Entrepreneurs - large 
 + - + - large 
- small - + 
 - + small
Management 
 + - + -	 medium 

Workers 
 ;- ;- +;- +;- small 
Women 
 - + - -	 very small 

Machinery Supply
 

Foreign 
 + - + 	 medium in Kenya

Local - large 
 + - N/A N/A 	 large in India 

- small 
 - + + small/medium 

:n farxin 

Marginal - +  + very small

Small 
 - +  + small

Medium 
 +;- +;- ;- ;- medium

Large/Estate 
 + - + -	 large

Workers 
 - + - + 	 very small 

In the state
 

Senior decision-takers 
 + - + - very high espe

cially in Kenya
Bureaucrats 
 + - + - high, especially 

in India 

Aid Aencies 

Multilateral N/A N/A + - very high in
 
Kenya, small in
 
India
Bilateral 
 N/A N/A +  high in Kenya
 

small in India
 

'Public interest'
 

With respect to price 
 - +  + small
 
With respect to 'welfare'' - + - + 
 very small
 
With respect to environmental
 
impact 
 - + - + 	 very small
 

+ positive interest
 
- negative interest
 
+; ambivalence
 

1. For example, production of cane as a monocrop or via mixed farming
 

N/A Not applicable
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Table 6.3 	 Operatina costs of VP and OP in India sad Kenya
(tStg. per ton sugar)
 

India 	 Kenya 

200 tcd 1Z50 ted 200 tcd 7000 tcd 

Improved irproved 

OP VP OP VP 

Official price of
 
sugar is at historic
 
cost of capital NA 196 NA 193
 

With replacement 
cost of capital 201 238 190 287
 

Figure 6.1 Developments inVP and OP technology 

- 100
(U 

: 	 VP 

5 80a) FL Liquid Sugar 
*D , and Powdered Sugar 

> 60 Crystallisers OP 
W and Seeding " Shell Furnace 

/ and Screw Expellers40oCe n 
Effect Evaporaters Centrifuges 

S'-Khandsari Sugar 
UVacuum 

D 
Cenriugs and MultipleMultiple 

pans 

a.U) 20 I I I I I 
1800 1840 1880 1920 1960 2000
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Table 6.4 Sugar beet recover rate fn Ge onroo 

1836 
 5.51837-45 
 5.971846-55 
 7.461856-65 
 8.061866-75 
 8.411876-85 
 9.971886 
 12.31
1896 
 13.91906 
 15.63
1916-24 
 16.04
1925 
 17.15
1926-35 
 16.19
 

Source: Deer (1949) 
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The Choice of Technology in
 
Public Enterprise: A Comparative
 
Study of Manufacturing Industry

in Kenya and Tanzania
 

Jeffrey James 

I. INTRODUCTION 
Despite the divergent approaches to development that have been adoptedin Kenya and Tanzania-with the explicitly capitalistic orientation of theformer usually regarded as standing in sharp contrast to the type of socialismespoused by the latter-public enterprises have come to assume an importantposition in the manufactuting sectors of both countries. Motivated perhapsprimarily to expedite Africanization (that is, to rectify the marked racialimbalance in positions of power and privilege that existed at independence),
direct participation in manufacturing activity by the Kenyan Governmentincreased sharply during the 1970s, leading a recent World Bank missionto observe that: "Financial participation by government in industrial ventureshas been an important feature in the expansion of Kenya's manufacturingsector" (International Bank for Reconstruction and Development 1983, p.146). And according to a government report published in 1979, the investments of these and other enterprises in which government has participatedin Kenya accounted "for a very sizeable proportion of the total capitalformation in the country" (Ndegv/a 1979, 22). In Tanzania, the rapid expansionof public enterprises in the manufacturing sector was of course far moreideologically motivated, forming an integral part of the transition to sociaiistownership of the means of production after the Arusha Declaration of1967. By 1974, t.he public sector accounted for as much as 50 percent of

manufacturing value added and employment (Clark 1978).In view of the rise to prominence ofpublic enterprises in the manufacturingsectors of the two countries, an understanding of the technological caoicesmade by these firms is central to explaining what happened to output,employment, and other major macro-economic variables during the 1970s.An adequate explanatioi- of these choices is also needed because they donot appear to have conformed to what one might have expected. In pardcular, 
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Jeffrey Jamesthe highly disparate development strategies that were adopted could reasonably have been expected to produce a correspondingly diverse patternof technological 

enterprises 
behaviour by the public enterprises concerned, far theseare often considered an extension, or creature, of the state, sothat the divergent goals of Kenya and Tanzania would presumably be reflectedto a high degree in their technological choices. But even if this were notthe case, and the firms in the two countries had similar goals, their choicesmight still be expected to differ because of the contrasting macro-environ.ments in which these choices are made; in particular, in Tanzania, marketforces are replaced by administrative (or non-market)

allocation to a greater extent than in Kenya. 
forms of resource 

Yet, fi'om available evidence one is struck not only by the similarityrather than the differences in technological behaviour betwt.en the two setsof firms, but also by the outcome of this behaviour which diverges frommany important national development goals of both countries. The purposeof this chapter is to explain these unexpected findings, using data from adetailed study of how technology decisions inwere madepublicly-owned firms in the manufacturing sectors of Kenya and Tanzania.
of 

It is contended 
a sarm.ple 

that, in general, technology decisions are dominated by asingle objective which the parastatal holding companieswithout counterv-iling pressures from "Ler 
are able to pursue

from other government agencies. 
the macro-environment orThis objective predisposes managers tosearch far investment projects in which, through various mechanisms andwith varying degrees of directness, developed-country patterns of scale,factor-intensity, and product characteristics are invariably closely reproduced.Section IIdescribes and compares data on the technological characteristicsof public enterprise in the two countries. Inframework the foilowing section,is proposed to aexplain these observations.framework is applied to case 

In section IV, thethe studies. The concluding fifth sectionconsiders the main policy implications of the findings. 

II. THE TECHNOLOGICAL CHARACTERISTICS OFPUBLIC ENTERPRISES IN MANUFACTURING INKENYA AND TANZANIA: AN OVERVIEW
OF A COMMON PROBLEMParastatals in Tanzania have been analysed more than in Kenya. With respectto the technological aspects of the behaviour of these enterprises in particular,the two major studies of the Tanzanian experiencethe corresponding evidence 

are more extensive thanfor Kenya (Clark 1978;1i sult, the assertions based Perkins 1980). As aon these studies juxtaposed in Table 7.1 differin the degree to which they can be saidmanufacturing sector as a whole. But what comparative data do exist, stronglysuggest an interesting paradox common to both countries-that the essentially 

to accurately characterise the 

unplanned character of the technological behaviour of public enterprises 

http:Tanzania.of
http:betwt.en
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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 striking similarity of 
what has occurred in Kenya and Tanzania. This chapter is designed to 
contribute to an understanding of this similarity. 

III. 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 
isapparent 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 tb 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 firms 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 explain 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, market 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 
to 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 managerturns to other goals that appear to offer greater advancement in the eyesof his superiors in the planning hierarchy. In particular, he is said to shifthis attention to initiating as many projects as possible. But the manager isconstrained in pursuing this goal by financial needs (especiady foreignexchange), and he accomplishes this by searching for aid-related projectsrather than seeking funds from the planners. "The project which can besecured, presented, moved past the planners, delivered, and staffed fastest-ind at the least effort to the parastaral is the one that is chosen" (Williams
1975, pp.7-8).

The key element of this hypothesis is that, given the goals of the Tanzanianmanager, securing finance becomes critical to achieving his objective. Andsince the technology for projects is usually closely associated with thefinancial source (for example, aid donors or export credits), it follows that"the 'choice of technique' in any particular project is often merely a falloutfrom the chosen source of finance and related project inputs" (Williams 1975,p.8). The bureaucratic-man hypothesis may be expressed more strongly"the bureaucratic decision-maker as 
attempts to achieve objectives whicheliminate [emphasis added] the choice of technology from the decision

process" (Williams 1975, p.8).
What can be said about the characteristics of the technological choicesthat emerge from this process? According to Williams, it is large-scale,tlrnkey projects that usually best meet the requirements of rapidly raisingnnance for andprojects ensuring their rapid delivery and construction.Such projects also have the advantage of providing economies of scale interms of scarce managerial resources at headquarters.But while the bureaucratic process has, thcrefore, a systematic biasassociated with large-scale production (that is also highly packaged), it .1oesnot, according to Williams, have a systematic factor-intensity bias. Instead,the factor-intensity of the technology that results from the bureaucraticman process is thought to be random.
This hypothe3is accounts for some 
of the observed characteristics of thechoices made by parastatals in Kenya and Tanzania. But, it fails to explainthe tendency towards capital intensity that was noted above in relation toboth countries and the sophisticated nature of the products that invariablyappear to accompany this tendency. It is possible, however, to modify theimplications of the basic model in a direction that is more consistent withthese empirical observations by incorporating a more realistic view of thefinance bias that is imparted to the technological features of the projectsthat are selected. And central to this modification are the systematic historicallinks between the various dimenjions of technology that Frances Stewarthas described in relation to the experience of the dcveloped countries

(Stewart 1977).
The first point that needs to be recognized is that most of the offers offoreign finance to Kenyan and Tanzanian parastatals that seek this meansof expanding investment, emanate from the developed market economies. 
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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" (Okurmu 1979, pp.244-45). And in Kenya, not surprisingly,
aid from these sam.e 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 that 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 
'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 ensuring that public enterprises are effectively
used for implementing government policies. Much of this inherent difficulty 
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.1011). While by definition this problem pervades all organisations in whichagents act on behalf of principals, its severity depends largely on the degreeto which the behaviour of the former can be made accountable to thelatter. Without an adequate system of accountability, control of the agentby his principal becomes extremely difficult.
Howard Raiffa correctly observed that the problems of accountability

and control are usually less acute in private than publicly owned firms. Inprivate firms, "Managers usually have a bottom-line figure that holds themaccountable to some extent. In private entcrprise, the profit motive is strongand serves as a sieve through which gross incoiipctents are weedd outand others rewarded" (Raiffa 1981, p.57). In public enterprises, however, asis well-known, the objectives are usually far more diffuse because these
firms are formed to fulfill a rariety of different functions.In itself, however, the diversity of objectives of the public enterprisecreates no particular problem for the accountability and control system. If,as is assumed in the "cosmic maximisation" model described above, thenumerous objectives of the enterprise are combined into an unambiguous
objective function, managers could be judged, and held accountable, accordingto this function, in the way that the private enterprise manager is heldaccountable in terms of profits. In practice, however, a clear objectivefunction is rarely presented to the managers of the public enterprise andthe multiplicity of goals consequently creates severe problems of enterprise
accountability Pnd control.
 

The difficulties in aggregating multiple objectives 
 into an operational
composite index have been lucidly described by Raiffa, in relation to thechief executive officer (the principal) of a public enterprise, whose problemit is to communicate the multiple conflicting objectives of the firm to hisagents so they can act as the principal would in the same situation. Thedilemma facing the chief executive is this: on the one hand, if he is tocontrol his agents he will need to formalise the trade-offs between theconflicting objectives of the firm (for only with such formalisation can anunambiguous objective function be derived). On the other hand, because
there is unlikely to be any kind of consensus among the board members
about the various trade-offs, whatever formalisation ofthese that he enunciates
will get him into "political trouble" with at least some members of theboard. "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 isthe principal and the public enterprise its agent; the problem of distillingfrom the different government agencies a comprehensive set of trade-ofts among conflicting goals is likely to be no less serious than it is for theboard of directors in the firm. Vernon points to, "The disconcerting factthat, where conflicting and mutually inconsistent goals seem to exist,politicians may find it undesirable, even dangerous, to try to clarify the

ambiguity" (Vernon 1981, p.12). 
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The political difficulties of formalising trade-offs (and consequently ofcontrolling public enterprises effectively) may be severe in open, participatorydemocracies where there are diffuse and opposing interest groups. Fewer
difficulties might be predicted in less participatory regimes where politicalpower is more concentrated among a small group of decision-makers. Buteven thn, considerable disagreement about fundamental trade-offs among
develop -tent goals can exist.

What we have shown in this section is that there are some inherent
(and perhaps intractable) difficulties in 	making public enterprise conformto 	national goals. These difficulties often confer substantial autonomy onthe enterprise:. But there are also measures that can be actively pursuedby managers to further their autonomy. The degree to which managers aresuccessful in these endeavours is a further determinant of the likelihoodthat the outcomes of the behaviour of public enterprises will be at variancewith what is intended by government. According to Aharoni, a variety ofvariables bear on the ability of the manager to increase his autonomy
(Aharoni 1981). Among the most important of these are finance, the legalorganisation 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 theanalytical framework to Kenya -md 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 mannerin which the factor-intensity, scale of output, and type of product
derived from financial and 

are 
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 projectsas possible. For, it is this focus that is said to be "the way to survive andprosper." But what pressures produce this sort of managerial motiviationis not clear from Williams' statement of the hypothesis. In this part of thechapter it is argued that the source of these pressures in both Kenya andTanzana can be traced to the extent of, and rapidity with which, outputincreases were sought (especially in key sectors) and the ease with whichthis 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 nationalgoals and goals for the textile and sugar industries support the view that 
a common desire for rapid growth in domestic output (of wage goods inparticular) can be discerned from a study of official and other documents
from the 19 70s. 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, forexample, 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 19 77(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 thelevel 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 transation 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 earmed). 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
c3sts stemmed largely from government interventions that broke the link
between economic efficiency 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 paratatal
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 fuiler
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 parastatal holding companies searched for foreign
finance (as was explicitly stated by the Kenyan Industrial Deve!opment Bank
in the final quotation of Table 7.2) and were receptive to offers of such
finance. 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 socialist 
overtones, far from repelling Western donors, attracted them. . . . What 
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it meant to most donors was that the elite in Tanzania, 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).
Th2 second reason is the relative speed (and certainty) of the output increases 
that are associated with Western finance. "West-rn firms offer quick, reliable 
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 statistically

significant explanations; rather, it was to study the subtleties of how decisions
 
on technology 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 already existed-sugar, textiles, footwear, detergents, printing ink,
grain, and oil milling. The selected cases generally relate to the Third 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 sample 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 by Williams that 
the technological fall-out from this process rends 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 technologicalfall-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 togo with high capital intensity or. the one hand and a sophisticated typeof product, often intended for export, on the other.One could infer from Tables 7.4 and 7.5 an underlying decision-makingprocess in which, because of the lack of concern with the technologicalaspects of the projects that is assumed to be exhibited by bureaucratic-man(in the form of the parastatal holding companies), the fall-out from thedeveloped-country collaboration proceeded entirely unquestioned, a processin which the appropriateness of the technology to national developmentgoals might, therefore, never be raised. But a close scrutiny (fAthe actualnegotiations 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 holdingcompanies were generally more active technologically than the theory posited,1"it because other institutions frequently questioned the desirability of thetechnology proposed. What is interesting, therefore, is the question of howthe evident closeness of the fall-out was sustainable in the face of thevarious 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 Development Bank (IDB) paid in appraisals of the technological choice aspectsof the project. In relation to the salt refining project, the World Bank drewattention specifically to what it regarded as the excessively capital-intensiveequipment selected. The Industrial Development Bank's unenthusiasticresponse to the suggestion that more labour-intensive alte-znatives be considered is worth quoting in full because it reveals this institution's perception(and arguably, to some degree, rationalization) of the limits of technologicalchoice, given the constraints imposed by the scale of output and the priorselection of developed-country collaborators. "As IDB is involved mainlyin fairly large-scale industrial projects, for which technology has to be
imported from the developed countries, the possibility of maxim'sing 
employment (mainly unskilled labour) is severely limited by the inability ofthe foreign technical collaborator to adapt the technology involved to localneeds. We do try to make changes in project design but our experiencehas so far shown that the scope to make substantial changes is limited,partly because of the technological environment to which the technicalparticipants or sponsors are used. Some of the processes in any casenaturally to be sophisticated, for example 
have 

a salt refinery or fertilizer plant"(IDB, Project correspondence files). Apparently not satisfied with thisresponse, the officials of the World Bank offered a rejoinder to the effectthat a less capital-intensive technology, even if less profitable, ought nevertheless to form part of the holding company's frame of reference. Thequestion, as th,. World Bank officials saw it, was "by how much fit was 
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less prufitable] and whether it would be worthwhile to accept the trade
off." 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 industrilizaticn 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 competitive" and has therefore "to mo1e do with assurances received 
regarding Fives-Cail Babcock't 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 counterwiling 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 Ce-poration as a minority shareholder and lender) also to consider 
bids from Japanese and American machinery suppliers. Although tknese 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 as 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 bl..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 Development 
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 "onan international tender basis." Such reassurance did not however materializeas the project leader argued that the plant and equipment, because of itsspecialized de ign, "could only be supplied by Escher Wyss," and consequently,an international tender was not possible. The ICDC objection focused onthe high capital cost of the project and on an inability to obtain a detailedbreakdown of this cost from the sponsor. In spite of these criticisms, othergovernment agencies, (the IDB, the Treasury and the Development FinanceCompany of Kenya) favoured the project, which was approved in apparently
unmodified form.

For a variety of reasons, then-the fragmented government involvement,the attitude of the holding company, the stage at which objections wereraised, and the alleged hidden costs of cheaper machinery-the closenessof the technological fall-out was able to be preserved in these cases. Butapart perhaps from the hidden costs argument, these reasons offer littlebasis for supposing that the preservation had anything whatsoever to dowith economic efficiency. Rather, it is probable that the outcome was inimicalto this objective (the continuous financial losses made by all these enterprisesare consistent with, though not proof of, this assertion). 

Tanzania
 
We have seen that the Kenyan 
 studies generally conformed closely tothe bureaucratic-man 

case 
notion with respect to its prediction of a role fbrtechnology that is essentially derivative of the source of fbreign (mostlydeveloped-country) finance and related managerial inputs into the project.And in this derivative process there was a tendency for the technologicalcharacteristics of the project (scale of output, factor-intensity, and type ofproduct) to take on a systematic form. While some cases in Tanzania (mostlyin sugar and textiles) also followed this general pattern, other didcases 

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, andbecause this permitted the technological choice aspects of the projects toassume a more central role, other factors, not allowed for in the bureaucraticman formulation, came to be important. These other factors worked,we shall see, through the same tendency towards interrelatedness 

as 
of thevarious aspects of developed-country technology with which it was necessaryin the Kenyan cases to supplement the original formulation of the bureaucraticmechanism. But the tendency was not merely appended to the mechanismas 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 thesame, but the manner of their combination into an integrated approachdiffers from what has so far been the case.Let us, however, first deal briefly with the case studies in Tanzania thatclosely followed the K-!nyan 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 ofthe parastatal holding companies responsible for these industries, revealed
that the emphasis of the Plan on rapid import substitution had beenincorporated into, and seemed to dominate, the objective functions of theseinstitutions. For example, one manager in Texco (the holding company for
the textiles industry) described his primary concern as being "to clothe thenation as fast as possible." He stressed that if his concern simply towas
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 SugarDevelopment Corporation could be described as an objective function
embodying the primary goals of meeting national excess demand as rapidlyas 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 managersstressed that the rapid expansion of the sugar industry based on jaggery
and OPS sugar (the small-scale alternative to the large-scale production ofrefined sugar) would not have been feasible. In the case of the OPS
alternative, they pointed out that some 200 small plants would have beenrequired to replace the output of five large ones. The managerial andsupervisory problems associated with this alternative, not to mention the
training of operatives in the OPS method and the difficulties of raisingfinance for small-scale techniques, meant to the managers that this methodcould at best supplement a strategy based on large-scale factories.

In many of the large-scale projects in these industries, to which theobjective described in the previous paragraph gave rise during the ThirdFive Year Plan period, the technology fall-out was closely tied (as in theKenyan 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 aof cloth, general Frenchcontracting company was responsible for financing and constructing theplant on a semi-turnkey basis. This company identified not only theconsortium of financing institutions in Europe (whose loans were effectively
tied to procurement in each particular country) but also the machinerysuppliers. Similarly, in the expansion of the capacity of the sugar mills atKilombero, 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 ThirdFive 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 central element of the decision that hadto be made for the projects. Three examples, all financed directly or indirectly
(through the Tanzanian Investment Bank) by the World Bank, illustratethis 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 tointernational standards. The choice of product for this project was dictated
almost entirely by its orientation to exports, as is made quite clear in the
Bank's Appraisal Report. Thus, "O.ne 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 197T,
p. ii). The same report also makes explicit the link between production forexport and the nature of the technology that is required. To quote again
from this document, "During the detailed engineering design phase, effortswill 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 limited in export-oriented industries" (IBRD 197T, p.29).

Sabuni Industries Limited-the only parastatal in Tanzania which produces
powdered laundry detergent-is a clear example of z second wsin 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 COmo from
Kenya were discontinued. It seemed clear to the Nation23 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 beinferred 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 NationalDevelopment 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, illustrateshow 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 minimum requirements for 
roofing materials-corrugated aluminum sheets or corrugated asbestos sheets" 
(ISDC 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 
potentially competent and internationally-known companies" (ISDC 1975b, 
p.2). And in the selection from amorg the five contractors that did conform 
to this description, considerable emphasis 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 operation, 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 thatwas shown in the derivative process with which the other case studies wereassociated. An essential difference, however, lies in the implications forpolicy that seek to alter this outcome. In the one case it is the active biasesthat need to be tackled directly and in the other it is the prior forces thatgive 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 TanzaniaSo far the applied section of the chapter has described the common originsof the bureaucratic mechanism in Kenya and Tanzania and the naturethe technological fall-out offrom this mechanism in case studies from themanufacturing sectors of the two countries. The analysis has been concernedwith how the chosen technologies in the case studies acquired characteristicsthat rendered them inconsistent with many important development goals(as stated in the respective five year plans).framework, it remains to 

Following the conceptualconsider briefly the relationship between theparastatal holding companies and government agencies that allowed theseoutcomes 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 twocountries. In both countries it appearscontrol system has 
that the failure cf the elaborateinvested parastatal managersautonomy with ,'Amost completeand that the weaknesses of the system come from the samefundamental source.On the one hand, neither governi,: .nt has been able andspecify the trade-offs between willing to 

opment that 
the multiple and conflicting goals of develare required for forming a national objective functionwithout which andthe agents of government cannot effectively be controlled.One manifestation of this inability is in the lack of clear criteria for project
appraisal by the holding companies 
 in both countries (and perhaps also inthe orientation to private, rather than social, profitability that is generallyexhibited in the appraisals). On the other hand, even if there was no suchproblem of formulating a clear national objective function, the efficacy of
the control system in Kenya and Tanzania would still be severely constrained
by managerial and administrative resources that were inadequate to theburgeoning tasks imposed on them during the 1970s (James 1985). FollowingKillick, it is plausible to argue that such a constraint is necessarily entailedin a strategy that makes major demands on limited skilled manpower (Killick

1978). 

V. CONCLUSIONS
Although there are many important respects in which the divergent development strategies adopted by Kenya and Tanzania have produced cor
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respondingly different outcomes, with regard to the fictors 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 string 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 sizeablt 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 technologies from these ,same countries (either merely 
active set ofderivatively when the tie to finance was direct or through an 

biases when the tie was much less close), and given a similar weak. government 

capacity 'or 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, 
and the balanceproduct, suitable for meeting basic needs, learning effects, 

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 
goalsoccurred, it assumes that an explicit (or implicit) trade-off between 

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 essentially unaware of the conflicts (and especially the extent of the 
conflicts) with c,ther goals that output maximisation would entail. In relation 
to Tanzania, Hyden, for example, suggested that "policy makers often decide 

obtained full and detailed knowledge ofon matters without first having 
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 
become binding less qukckly (and to this extent dependence 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 seek to alter aspects of the 
environment in which the goal is pursued, so as to render its achievement 
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hand, and those seeking to alter themade by givecf large-scale projects on the other. Since the
intact, and consequently there is no diminution in the existing constraintson an 

goal of rapid ,uid large increases in output is assumed to re.min essentially 
enlarged role for the small-scale sector, these constraints will needto be surmounted. For this purpose, it is not sufficient merely to advocateintensive training schemes that will produce additionl entrepreneurs. Inaddition, policies will be required to strengthen the regional, district, andvillage organizations in which the expanded numbers of small-scale projects,-ill have to operate.The need for simultaneous efforts to improve the technological componentof large-scale projects derives from the fact that one cannot realisticallyexpect any rapid and substantial progress from even effective policies indicated 

'irst ought to 
in the previous paragraph. A parallel set of policies for the large-scale sectorcomprise efforts to restoreprofitability at the enterprise level. In Tanzania, this would require reformof the price-control system. In Kenya it would mean, among other things,ending privileges 

the link between efficiency and 

to public enterprises in financialif they are combined with more 
difficulties. Particularly

(and accountability) systems, 
emphasis on profitability in the incentiveand a move towardsenvironment (as is now occurring in Kenya), these policies ought to reduce 

a more competitive
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 itmore difficult for them to ignore the technological choice aspects of projects.Secondly, a set of policies will be requiredthe finance bias that tend to be 

to address the problems ofespecially pronounced when thereclose fa-out from developed-country is asources offinance. One way to overcomethis bias is to promote a much more
(for example, active search for developing-country
Indian and Chinese) sources onmore appropriate techniques 
the one hand (with whicha:'e likely bemultilateral sources, offering more 

to associated), and for moretechnological options, on the other. Buti 

mechanism 


the latter case, unless the active biases that %' !re fbund in the selectioncan be overcome, little will be gairned from the wider choicethat this type of finance potentially affords. Policies to correct these selectionbiases will have to pay particular attentiongovern product choice. For 
to the various influences thatone thing,sophisticated products that is based 

any rationale of the choice on the need for exports (especially to
of

developed countries) ought to be very carefully evaluated. In many of thesample projects in Kenya and Tanzania this argument was advancedfeasibility studies (partly to rationalize particular product and process choices)
in

but in most cases the intended exports failed to materialize and the output 
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most of whom it was highlyended up being sold to local consumers, for 
the of the product choice bias originates,inappropriate. Where source 


instead, in historically conditioned tastes for advanced country imports,
 
camcountervailing pressures, exercised, for example, through promotional 

paigns for local goods, are required. While product policies of this kind 

may help combat engineering-man type biases, other parts of this problem, 
need to be tackled directly.such as the prohibition of used equipment, 

are limits to the extent to which the sources of
Finally, because there 

lines suggested above, dependence on
finance can be altered along the 

are closely tied to sources of financedeveloped-country technologies that 
lem for Kenya and Tanzania.in these cotintries will remain an important pi 

In these cases, independent technological advice that is taken early in 

appraising the project (from say the United Nations Industrial Development 

Organisation), using some social, rather than private mode of project appraisal, 
choices and increase the bargaininghelp reveal grossly inappropriate 

strength of the government vis-a-vis foreign collaboratcrs. 
aspects of these policy proposals need to 

can 

Finally, the political economy 
our concern is to indicate that each of thebe considered. In particular, 

a dilrentdifferent sets of prescribed policies will be associated with 


though to some degree overlapping- -profile 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.
 

crude matrix of likely gainers and losers for the
Table 7.7 represents a 

three policy areas identified 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 

for Kenya potential gainsinefficient firms. Some evidence indicates these 


could be substantial if protectionist policies are eliminated or reduced, since,
 
"It is possible to document high local prices and/or low or deteriorating 

arequality for virtually the complete range of products for which there 

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 to the extent that these are relatively efficient, the second 

policy area shown in the table seeks directly to alter the composition of 

units. And, particularly if it is pursued in a
output in favour of these 

challenge principally to urbancontext of rural industrialization, it poses a 

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 
on small-scale,from the altered characteristics of the products produced a 

fall in the price of existing goods, they tend to berather than from a 

concentrated on those consumers with low incomes.
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Unlike the policy prescriptionwhich challenges considered inthe the previous paragraph,alternative impinges only 

interests associated with large-scale,on the final policythe fbrm that these interests currently takenamely, those based on the Predomiance of developed-country finance and
techniques. As such, policies to alter the techniques that are chosen by
large bcale public enterprises threaten a narrower set of interests than thosethat seek to undermine the enterprises themselves.Assessing the relative political strengths of the gaining and losing interests
shown in the table-and 
each hence the feasibilitycountry-is far from easy, 

of different policies withinnot least becauseagreement among studens of political economy issues in Kenya and Tanzania 
of the substantial dis. 

orientation of Tanzanias leaders, can 

(Fransman 1982; Swainson 1980; Cjulson 1982). Nor, despite the socialistic
to existing interests that are 

one cogently argue that the challenges
that country than in 

required will necessarily be easier to effect inKenya. For, "What is clearconversion in Tanzania is that theto socialism occurred essentially at the top, indeed at the very 
top, and b93 not yet permeated the whole society. As a result there remain
many anti-socialist forces in the society... The importance of the urbanwriters" 
elite in derailing attempts at radical change has been emphasized by many(Clark 1978, pp.204-5). But oneall the areas should not infer from thisof Policy intervention thatTanzania will bethan in Kenya. no lore feasible politicallyIt may inindependence, be that becauseTanzania is better placed 

of its greater political
to implementpredominantly developed-country the switch fromto alternative (notably developing-country)sources of finance and technology. 

I am NOTESindebted to Frances Stewart for comments on an earlier draft of this chapter
and to Leo Mureithi for his kind assistance in Nairobi.
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Goats 
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System 

Technological 
Characteristics 
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Enterprises 
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Foreign 
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"The failure of the post-Arusha companies to distinguish 
themselves significantly old luvoursbty from the pre-Arutsa 

of the most important conclusionS thichone 

can be made cbout the performance of the mnufacturing 
as yet 

copanies points to 

about parastetats. There has been 

no develot:,ent ninmovation 
paraststaa,, Indeed aLl 

on the pert of oorstatals to make 

Tanzanian identoav. They have
themselves more onsistent with the 

... have
the most modern ptantr. Turn-key projects 

not been ut f . (Clark, 1978, p.140) 

"In general the observed pattern of technological choice ... only 

Tanzania's articulated devetopmnt 

tended to want 

reflects to a limited degree 
goats.- (Perkins, 1980, p. 408) 

-The present system of investment decision-making in the 

parastatat sector is essentiatly one of un.oeland ctilSm. .enyas 

The results bear only an Incidenral reLation to any formal 

development plan or to the proctaimed goats of industrial
 

developent." (8RD, 1977a, p. 125)
 

has,
"Oespite the rhetoric. Tanzania's industriaLization programv 

in generat, promoted the estabsiahmett of enterprises using 


Large-scaLe capitaL-intensiv-. 
often technicaLLy, and almost 
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p. Z31)
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 projects ... 
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parastataL sector since 

(Clark, 1978, p. 125) 

zs heavily de endent 

ten years ago. About one-half of public
Public investment today regmins about 

foreign funds ,s it did 

investment has 
been foreign financed." (Clark, 1978. p. 173) 
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s ttr e.- (lnopcraft and OgUttu, 

directions specified by 

features of the Keryan jnLkstrl 

1982, p. 193) 

"Ulite too large a proportion of the development budget has been 

diverted to investments, the balance of that budget has not been 

The pattern of develotent outlined in 
effectively utilized either. 

often been ignored in practice in favour of 
Development Plans has 


unplanned projects." (Ndegwa, 1982, p. 
 14) 

hive played a Large and increasingly important role in 

Life in recent years. Growth of 
-ParastataLs 

this sector has been, in 

n re ts, urcliiiied and crtcoordinated."CIRD, 1983. p. 105) 
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African rsaned ar-1 export-oriented firms, 
 firms with goverrment 

Large (half of aLL Kenya's industrial firm
participation tend to be 


employing more tian 200 
 people have government financiaL 

1983, p. 85) 

and poorly controlled Investsents can readily beparticipation)." (1980, 

,ExampLes of unsound 

forid 
in such areas of activity as fertiLizer, sugar, textiles and
 

power altohol. ... this has resulted in uncontroLled cost escAlations,
 

enterprises. (Ndegwa,

inefficient technoitgies and unprofitable 


19M, p. .2)
 

of most of the perastataLs in Kenya is that 

they deoend heavity in foreign finencin; and management advice." -, 


-A major characteristic 

,Ouogi, 19-2, p.64) 
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Table 7.2 (cOmt.) 
The industrial objectives of gove-e~nt in the 1970s 

Kenya
Tanzania 


The Parastatat 

Holding 
Companies 

and new 

Projects 


"I)Cs (theRationalDevetoFrent Corporation's] interesti not to 

:nies for the purpose of profit msixaisation, but ratherrun c 
to imlment projects incertain sectors. Infact, HOC seem to 


... The 

unofficlM.oaLtof MO s p 
be -vaLuated by the rester of prcjects it implemets 

expressedby some of its employees, to 

push through as m projects as possible." (Quoted inO'Brien, 

1982,p. 22) 

"The management [ofMDCI is anxious to show success. Lever 

Brothers will come and erect a detergent factory in a year ... 

Despite the poor econmics of such a project from a developmental 
point of view,MDC appears -e successful than if it hed spent 

the year trying to organize Uja=3 village work shops.w(CLark, 

1973,p. 189)
 

Table7.3
 

"ne of ID's (theIndustrial evetol t Ba'*a iqportant aim has 

been to attract Investment furLtsfrom abroad.- (AnnuaL Report and 
Accounts, 1977, IndustrialDeselopment 9"n, p. 13) 

OSince December 1974totalt-'.Jmtentsapproved ... have grom by an 

average of nearly 25% a year ... The totalrester of prOlects 
invest et has increased even more 

rapidly because of LDB's searc)h for new business." (Annual Report 

and Accounts, 1977, industrial Deveto elt Bank, p. 12) 

investigated and considered for 

The etcro-enviror'ent and pressures for cost-consciousness in the choice of technology 

Tanzania 


"Roth product and foctor markets in Tanzania are ncainatLy under the 
inboth areas sevsralaspects of the competitive 

modeL have been replaced withdevices which operate inquite different 


directions from marketforces. The price-controlsystem, for example, is
 

inmany cases based on a cost-plusforauLation wtich both shelters the 


inefficientand givesonly a weak incentiveto b.ome mare 

controlof planners. 


efficient ... 

The incentivestructure to which the parastatatmanager responds offers 

Littlein the way of personalfinancialrewardsan_, inany case, may focus 

on surpluseswhichare more related to windfall gains from the pricing 

systm than to productive efficiency."(UlLtiams, 1975,p.7) 

Kenya
 

is the best guarantee obtainable that a"Financial participation by Government 
fim wilLmake high and secure financialprofits reoardless of itseconomic 

efficiency o-of its internationalcaeoetitiveness." CHopcraft,1979, p. 18)
 

-Firms with Government participation use it to make Goverroent behave in the 

firm's interest.The complete range of specialconcessions, licenses, 
guarantees, aNd the whole edifice of protective ecaures, are far more
 

financlst participation then to one 

thatdoes not." (BIRD, 19083, p. 419) 
accessible to the firm that has Government 

"The Monopsonist position ofmost parastatals meensthatthereisno 
whereas their political
competitive pressure to keep operatIon. efticient, 

cornectionsmake them imocaeto 
the ultimate commercialsanction of bankruptcy 
aNd dissolution." (Schtuter, 1954,p. 93) 



ManngAoents/Minor t? Partners and theSource of Techrolog in 


Rift Valley Textiles 


Yuken TextilesSul MaTextes 


Salt Manufacturers 


Nyeri Bottling Plant 

Nzoia Sugar
N yoi
a Sugar 


South Nyanza Sugar 


Kenya Furfural 


Kenya Cashenutrs 


Ceramic Industries 

Notes: 
 1. One of the turnkey contractors.
 

Managing agents/minority 

partners 


Seditex (Germany)
 

Jugoteksti[ (Yugoslavia) 


Sattec International (Italy) 

Coc-ClaAfic
 

Coca-Cola Africa 

Technisucre (France) 


Buckau Wolf (Germany)l 


Escher Wyss (Switzerland) 


Oltremare (Italy) 


Ceramic Yndustries (private owners) 


n Parastatals 

Main source of technology 

Germany 
?
 

SaLtec
 

?
 

France
 

Germany/India
 

Escher Wyss
 

Oltremare
 

UK/Italy
 

Source: 
 Correspondence files of the Industrial Devolopment Cank and the Industrial and Commercial Dcvelopment Corporation.
 



Scale 

Scale, 
Table 7.5 

Prd&CtS ad TechnolooY 

Technology 

- Kera 

Products 

Rift Valley Textiles Annul capacity of 11,500,000 linear 
mters -- "a complete modern 
integrated textile mltt-' 

-All machinery and equipment 
selected ere brand new, the rost 
modern and of wry high quality and 
reputation." 

"Very high quaLity ... an aeual production of 

aroximtely 23 million square metres, of tdich 
about 7 million metres shalt be exported." 

Yukn Textiles -The Largeness of premises ad their 
division is a result of the 
conception of the whole factory and 
up-to-date technology 0s well as its 
flexibitlity. ... The biggest 

of"facturerthis Line in 
Yugoslavia." 

"Mighty developed procxtive 
technology ... to copete with the 
European standards.-

-The technological part of the project provides 
a very high quality of the output (European 
level)." ... "Activitires of the newly 
established enterprise would be concentrated 
during its first phase above all on the Kenyan 
market and on the markets of East African 
countries, tater-on also on other markets." 

Nolasses Plant "The plent will be capable of 
producing 7.300 tons per ares. 
99.5% Power Alcohol." 

of 
"The IrnstaLtation shall conform to the latest and most modern technology and development 

currently available as of the date of this contract as to the Installation and the 

valLe and auatity of pout produced. ... The opportunities to sell the surplus 

factory's products ... are fully appreciated and exploited." 

yerfi Bottling Plant "The Plant wiltl be equipped with a new sophisticated bottling Line with 

ancillary equipment with a capacity for bottling 500 cases per working 

hour. ... The bottling equipment to be installed is very sophisticated." 

"a standard quality product." 

Kenya Furfural 
"The high capital internity of the 
project -- due eainly to the high 
cost of the proposed plant." 

"Most of 
export.

the end products would be mainly for 

Cashew Processing -Mechanical processing in large-
scale units with relatively high 
capital investment costs." 

-Equipment considered the best in 
this field. ... Thotgh mechanised, 
the project is still Labor-
intensive... ALL the machinery 
wilt be new." 

-producing high quality products. ... The 
project would generate • gnificant additional 
foreign exchange earnings for the country." 

Source: Correspondence files of the Industrial orvlopont Bank and the Industril and Caimerclat Development Corporation. 
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 Tabte 7.6
Mananerial
Discretion,
ard the Faii
Overall charac. 0
"The elaborate internal and external control system over 

terizati Tanzania
of 
 wparastata 
activities, which exist on paper are in reality very 

the System weak." (Minisci, of Planning, 1982, p. 42) 

Managerial
Danrerial 
Discretion "It [the party] has remained an institution capabie ofthe system only on directingthe most general plane." 

iectin g
1 oP. 62) 


aeakne
Saul 

technology."There was noAt enterprise
to level,choose clear policy especiallyeach corporatio remainedits own techniques. as regards(Mihyo, uadated science andfree 
"Parastatats (a), p.3)

achcorortio
I 
 L rm 
autono-nou 

are quite

parent ministries is often sli&,t.,
institutions.
6 
 (Clark, 1978, p. 185)
Control 


by their
"There is still a large question mark over the ability of boards 

effectively 
to control foreign management.'

1975,arge (Loxey and Sau,
"in ostiof the subsidiaries of the National DevelopmentCorporat of the anageenic has taken over the politydecision-making 
function. 
(Nihyo, undated (b), p. 16) 


ICriestmnt
Cr.terind 
 t ran
in the 
 Tazai there have beenAcctC Wtlity 
as n of a clearly dby which hfine eCrntenthe stratey for the socialistputlic sector investmnt and other spending decisiorl; 

could be assed.-, (Loaley and Saul,1975,P. 65-6) 

"boi 
 the proposing parastatahe avidauthorities the central planing 
aralternative projects whch
to lack clear criteria
e evaluate." (Perkins,
r, which to assess the
 

The Limited 
 "The central 191i3P.sly2i6,Planning ministry doesCapacity for 1Clak,)97a 
parsntro 

riot have the marpowereffectively scrutinize parastatal Opraios. 
topertio. 

"The country-$ already weak planing capacity." (IM8, 1978, p. 10)Orientation 
"Most -a hiahfo parastatals have netetYrsik.
used commercial rofitability. ti 
-- discountedoeeaece 


Proiability 

ret 
whchav... 
 eann
te i iscFl most
ievitab 
 yi "
 

Saul, 1975, p. 67) 


the Parastatal ControlSyse
 

" 
 ea
 

frs 
 ietii 
 ithe
of the factors contributing 
ineffective Governrmnt supervision as one
to the unsatisfactory performance of
aatt~ - (Wdegwa 1979. p. 10)
 

wae 

tema 
o r that 

a t n i 
Th
poreet the party systeMii ~rOw todtr that the bureaucratic elitesen 

tionaily, parastatals do enjoy a
with respect very
ithresec to invest7nt large degree oftoinesten d deisons.-
eisio;1 - - '
(Oyugi, 1982, p. 7

"The Parent ministries tend to leave the org6ti7aio 
 pretty awh
 
r-as--s 
 , t9,fa -n 


to
 
"Inm 
ar 
 a 
 the 
 e
the dties expecteddsofthm 
"Most of them a (Oyugi, v1982, p. 72)of the parastatois have managesmnt contracts with foreignbased fir.. rlocallY based foreign owned mangmnt
firs. They c amauthe organizations.have a ylot of influence on the operaticay(ygi 1982 policies ofp. 69)f
 

0At the ti fiot
nt it is difficult, mte..o 
Pi in the case of my ~ ~ea.say who is ultimately accountable parstatas,for the proper to agmento the Board, the Governgent andof their affairs."t (dega,1979.P. 9) 'Becau~se of the confusion whichincreasingly exista, itdifficultto 

is becoing
say Stare re sibilfts for Inefficincy 

or waste lies.".(ldegwa,1979,p. 3)
"The criteria for accpting or rejecting projects are 
v ad haw
 
not inclded rigor acor ng jeBts are . 10 hv 

(IN, 1IM, P. 104)
'hl oerwtf"hite govermetc financial involvementinvolemen hs beenCiachinery habenexaninepnig 
 h
to control Wd examine proposed investments 


the 
is inadequate. (IBRD, 19a3, p. 42)
 

*Firms witheaelkGovernment orols v s
ps n t
tarastatal fn

oL e e
 find that such
 

P.
P. 416)
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A MatriX of 
Table 7.7 

Gaining & Lostig Interests 

Interest Groups ajor interestgroups that stand to lose ajor interestgroups thatstand to pin 

Policy 

Reform of the 
mcro-erwiron-
went 

For Tanzania, those depsint on inefficient firm (public wd 
private) thatare sheltered by the price-control system, 

For Kenya, those currently gaining most fr govzrrmnt 
concessions to Inefficientpublic enterprises, 

Efficient firm, firm purchasing irpts from currently Inefficient 
enterprises, cons mers in genersl. 

Competing (ostly private) firm, firm purchasing inputs from 
currently inefficient public enterprises, ccmmrs in geer'eL. 

Altered cmposi-
tlan of output 
In favor of 

sml-scale 
enterprises 
(particularly 
those inrural 
areas) 

Urban elites (manogers, hilshy-pald workers, but-ewrats, 
consumers), foreign interests that are allied to urban elites 
(Investors,mchinery setters, maagers, skilled workers, etc.). 

Rural intarests (meLt-scale firm, the urmw tloyd/underemptoyed), 
coumre of produicts made by molt-scale firm (i.e.matty the 
poor). 

Altered tochto-
logical choices 
mode by Large-
scate public 
enterprises 

Developed country interests (aid donors, managerse, mchinery 
sellers, workers), cenmuer of proirts of developed country
technologies, and local interests that mt benefit from the 
presrne of developed country interests (e.g. localpoliticians
serving en the boards of joint ventures between foreign end state 
capital). 

Developing country interests (old donrs, fmricera, setters of 
mschinery), sellers of Used eqipmnt, the wnmpoyed, cormirs of 
prots produced by the attenative ted4nlogies. 
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Technical Change and Appropriate
Technology: A Review of

Some Latin American Case Studies
 
Philip Maxwell 

I. INTRODUCTION
 
The historical record of learning and technical 
 change in industrial firmsin LDCs is pertinent to the theory and practice of appropriate technologyfor at least two reasons.First, any comparison of alternative techniques should consider theimprovements realisable through technical change. To make this comparisonoperational, empirical
of technical 

evidence is needed about how well the possibilitieschange with alternative techniques have been exploited (andhow constrained these possibilities were) in real situations.Second is the desire to extend the concepts of appropriate technologybeyond advising on the initial choice of technique, and to provide somesignposts for the best kinds of technical change for firms to pursue oncea particular technique has been chosen and installed. One may hope thata firm that made a good (appropriate) initialsubsequently go on to generate an 
choice of technique will

appropriate pattern of technical changewith that technique-but this is not a logical necessity. Equally, if ahas made firm
a poor initial choice of technique, it may be able subsequently
to take remedial actions through introducing technical changes to bring itback to a more appropriate technical direction. Thus appropriate (orinappropriate) patterns of technical change may follow from initial choicesof technique. Investigation of the empirical record of such patterns inLDCs should, hopefully, generate signposts that could increase the chancesthat future technical change patterns will be more appropriate.So the historical record of technical change in LDC industrial firms isworthwhile to explore from an appropriate technology viewpoint. Onlyfairly recently, however, have studies actually explured this record to anymarked extent. Until the early
technology focussed 

1970s most research on LDC industrialon the issues of choice of technique and transfer oftechnology 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. 
or so have seen rapid growth in theHowever, the past twelve years 

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 
seefirms.1 (For a good overview of the scope of this research Fransman 

and King, 1984.) 
One of the widely recognized contributions to the study of LDC technical 

change came from a research programme based on nearly 40 empirical case 

studies in Latin America during 1975-82, 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 American countries

through detailed empirical case studies of technical change in firms operating 

either process plants or metalworking and capital-goods plants. 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 these studies to help e-plore 

the relationship between technical. change and appropriate technology.2 This 

indeed is the purpose of this paper. 
One should, however, be forewarned of some limitations in extracting 

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 
consumers.of simplified products meeting the basic needs of less well-off 

The studies were chiefly concerned with identifying the locally generated 

contributions to technical change in a restricted sample of firms, mainly in 

the modem 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 studies3 and refer mainly to better ways of developing these 

modem sectors of the industrial manufacturing economy. 
The second ,imitation of this review is that its discussion of *cr-h-Lcal 

change is mainly about process innovation (and consequent producti; :ty 

does go of product innovation mndadvance). It not into the question 
light was thrown on product innovatio.l byappropriate products. Some 

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 

on the case studiesIDB-ECLA empirical case studies. It is mainly based 
as onof steel plants (especially Dahlman, 1978 and Maxwell, 1982), as well 

the reviews of the IDB-ECLA capital-goods and metalworking case studies 

(Katz, 1982a; 1982b; 1984), and overall programme rrview (Katz, 1980). 
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For these reasons the reader will understand that this is a limitedMa

exploration into what the IDB-ECLA 
w l 

studies havefrom to ofher when viewedan appropriate technology angle. 

II. LOCALIZED TECHNICAL CHANGEA major contribution of the IDB-ECLA studiestechnology was the demonstration of the strongly localized and idiosyncraticcharacter of the technical changes introduced into the studied plants. It was 
already well known from the literature on transfer-of-technology 

relevant to appropriate 

Strassmann, 1968) and on (for example,appropriate tech:iology (for example, Eckhaus,
1979) that plants installed in LDCs usually required significant adaptationsto function properly in the unique local circumstances of a particular LDC,
industrial sector and firm. Hence, it was expected that LDC plants wouldinitiz:1y be idiosyncratic in their technology compared both to developed.
country plants and to other LDC plants producing similar products. The7LB-E2CLA studies strongly confirmed this. The great detail about idiosyn. 
cracy obtained in the case studies led to atheoretical and empirical rigorous and comprehensivecritique of the
1982b).tolclcrusacs(eKtz idea that technologies can be
acquired off the shelf without adaptations to local circumstances (see Katz,The IDB-ECLA studies also showed that each plant's pattern of technical
change was strongly idiosyncracricincorporation die to (a) the successive, cumulativeinto plants of handrc>s of minor technical changes with
strong tailor-made component; and (b) the less amajor technical changes which frequent incorporationalso had significant ofThe tailor-made component of technical changes 

tailor-made elements 
arose not only fror,1 thethe adaptations to each plant required by the unique succession of external, 

specificity of each plant's initial technology and organisation but also fromcompetitive and policy challenges and constraints arising in its environment.
This evolving specificity (uniqueness) found both in a plant's set-up and
 
in its context showed that much of the i %hnological knowledge and know
how for modifying plants throughgenerated tec: .aicalin-house changes wouldby a plant's have to beown technical/managerial staff, based onPossibilities. Thus, endogenous, in-house and localized know-how was found 

their unique, in situ knowledge of their plant's functioning, problems and
 
to be crucial 
 in technical change to modify plants.It was shown that LDC firms have nohouse technical capabilities option but to develop their into generate and apply localized know-how tochanges 
operating 

in 
plants 

them. 
and, 

Once 
even more so, to specifying and implementing technicaltherestandardised are no longer,solutions, then technical creativity 

even in theory, any fullyis 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 constitutc 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 periods6 and (b) to adapt and upgrade already fully
operational plants in between perio is of major investment o cope
with problems and raise productivity.7 

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 che technical change which firms introduce is unexpected,
and occurs as a defensive reaction when firms are faced by adverse 
circumstances inside the plants (breal 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

8 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 suchas interest rates and growth rates, and by developments in the frontierof technology internationally.f.Because of the differing external contexts they face, and the manifoldtechnological differences between different industries and techniques,it is clear that all long-run plant technical change trajectories differconsiderably. Each plant trajectory is differentiated and hL'toricallyunique, responding to the unique set of technology-specific, firmspecific, industry-specific, context-specific and policy factors whichimpinge on the plant throughout its evolution.g. Both the duration and the efficiency of plant learning and technicalchange trajectories can differ enormously from country to countryand from plant to plant. For example, start-up learning periods variedfrom one to 11 years for different steel plants in the IDB-ECLA casestudies (Maxwell, 1982). Also, the time taken by different capital-goodsfirms to pass through the sequence of four stages of technologicalmaturity noted by Katz (1982a) varied between two and four decadesfor those firms which successfull, made the transition through all four 
stages.

h. The growth of technological capability inside firms is a critical determinant of the quality and efficiency of the technical change trajectorythat will be followed. For neither learning nor technical changeautomatic; arethey depend on internal factors-especially on the firm'sskilled technical staff, the sophistication of their organisacion, and onmanagement's willingness to invest in technical change.The IDB-ECLA studies have revealed immense inter-firm differencesin sophistication of, and resource allocation to, technical changeactivities, ranging from inexperienced firms with "ad hoc", unsystematicor defensive strategieE, to firms with more conscious, systematic, oroffensive strategies.j. The IDB-ECLA studies also provided clear evidence of a technologicalmaturation process occurring within firms, expressed by gradualatransition to conscious and systematic learningmore 
and technicalchange strategies. Such a maturation process also involved progrersivegrowth in a firm's internal technical capability. It seems to happen inan evolutionary way but only through a deliberate management effort(in response t,:)expeiience) at building up a firm's technical organisation,skills and know-how. It also is often spurred by marked discontinuitiesin 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-runchange trajectories in industrial maturation are 
technical 

not guaranteed, and neitheris their efficiency. For example, technical changes might not be introducedwhen needed, they might not be localized enough, or the firm's learningand engineering efforts might be inadequate. Hence, productivity advancecan break down at certain points on the trajectory. Unsuccessful or inefficient 
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occur. trajectory isand trajectories can If a 
:echnical change sequences 

?rossly inefficient, it cannot be appropriate. This point is taken up in Section 

on policy reflections. 

IV. WAS THE OBSERVED TECHNICAL CHANGE 

IN AN APPROPRIATE DIRECTION? 

A good deal of technical change took place in the plants studied by the 
from the viewpoint ofBut the relevant issueIDB-ECLA programme. anis: how far did this technical change go in 

appropriate technology 
as regards its localization but also in terms 

appropriate direction, not only 
of the several other main characteristics associated with appropriate tech

nology? 
a suitable definition of appropriateness to answer 

It is necessary to have 
is the specific characteristics definition of 

this. The straightforward one 
appropriate technology (Stewart, 1993): 

is normally
Among economic characteristics, a more appropriate technology 

labor-using than a less appropriate technology (higher L/O);
defined as more more use of localless skal-using; makingless capital-using (lower K/L); 

a more appropriate
materials and resources; smaller-scale; and producing 

product. 

now take one of tf. IDB-ECLA case studies,
With this in mind, we 

to what extent the technical change introduced there may be 
and ask 
regarded as having been appropriate technical change. 

It is the USIMINAS state 
The study we look at is frequently cited. 

steel firm in Brazil (Dahlman, 1978). As a large-scale, modern industrial 

process plant, this plant is far removed from small-scale rural technolory. 
useful a test-case to see whether the terms 

(It might therefore be as 
"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 
how the K/L ratio on three points in particular:plant we shall focus 

use of local materials.
changed, how scale changed, and the 

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 II, and (later on) Vintage III. 

The kinds of technical change distinguished by Bell in this diagram are 

labelled Type A,corresponding to start-up improvement (with each vintage); 
incremental improvements which 

Type B, corresponding to post-start-up 
raise plant efficiency above its original design level or rated efficiency (again 

inter-vintage techn'cal change of a 
on each vintage); Type C, which is an 

related and 
moderate kind in that Vintages I and II are stll recognisably 

the productivity gap between the two vintages ii not enormous; and Type 
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a largeThe pattern shown in Figure 8.1extent was followedthat its iniia by USIMINAS to thein 1963, (1) reached 
plant (that is, Vintage I) wasrated capacity of 500,000 

(a) brought on streamthen incrementally improved tons in 1966 and (c) wasat low investment costfrom this plant to 1,200,000 tons by which raised output1972. Then, from the period 1972building large-scale 
77, a highly capital intensive expansion (Vintage 11) was implemented throughnew units along side the Vintage 

per 
i plant units. This annum 

raised the combined output of the expanded plant above 2,400,0006by 1977. tonsFrom 1966-72, 

increased 

labour productivity and capital productivity
dramatically. Both increased at the plantpercent per year with labour at an average rate of about 20-25Productivity increasing slightly faster-thus
altering the K/L ratio in the direction of slightly greater capital intensity.from 

During the period from 1972-771 labour productivity dipped considerably
1973-1974 while the new units wererecovered in i975 and fhen in 1976 rose beyond the 1972 peak and continued 

being brought on stream, butrising (by about 10 percent) in 1977.,0 In this same 1972-77 period, thefall but much 
From 1966-67 to 1966-72 period. 

to 

capital output ratio (that is, inverse of capital Productivity) continuedmore slowly than in the previous1972 labour Productivity increased by 14 percent per 
annum and capital productivity increased by about 13 percent per annum. 
Thus, the K/L ratio diddemonstrate not alter much.was in a slightly The slight alterationmore capital intensive it did
inappropriate technical change. 

direction-that is, 
Productivity 

The sustained high rates of increase of labour Productivity and capitalUSIMINAS 
are also noteworthy. With these increased rates of Productivity,rates in developing country firms (Bell, 1982, p. 31). 

easily heads the list compiled by Bell of productivity growth
the case study one sees that it Moreover, from reading
was USIMINAS 's staffs great succesr,infor its impressive Productivity record. We will return 

handling Type A, Type B and Type C technical changes that was responsible
of this later. However, technical change in USIMINAS 
to some implications
in terms of the K/L ratio. 
was not appropriate
Wis it appropriate in terms of changes in plant scale? Over the 11 year
 

timespan from achievement of rated capacitylevel of USIMINAS became in 1966 to 1977, the outputa multiple of moreoutput level-a fast rate of groarth in only 11 
than five times its initialof output levels increasing to multiples years. But still, the notioninitial levels of someover periods ranging from 10 to 35 years 
three to tenfound in most times theirof the IDB-ECLA was a common featureinitially rated output were also 

steel plt studies. Similar multiples ofmetalworking found in severalcase studies of the caitalgo,overalmost 20-40 year andcertainly a bias in periods. However,capable the IDB-EC' there wasand "successful" studies towards; technologcallyfirms whose growth ratesabove average were probably oftenfor their branches of industry. 
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(as in other steel plants) most of the increased plantIn USIMINAS 
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 along side the existing ones. The 

added in USIMINAS's 1972-77 expansion was moreincremental capacity 
than double the initially installed capacity of the original plant, and essentially 

the expansion were larger (for-all the individual main process units in 
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). 
major expansionClearly, then, the technical changes implied by this 

were not in an appropriate direction in terms of representing a change to 

a duplication of the pre-existing scale.a smaller scale or even 
that in the past 40 years internationalHowever, it must be recognized 

trends in the technology of integrated coke-based steel plants have been 

towards larger plant scales-shifting from, for example, I million towards 
annum plants and also progressively larger individual10 million tons per 

line with these trends. process units. USIMINAS's decisions were in 
Increasing plant scale and size of units in the classical integrated coke-based 

and advancedindustry have been closely as.ociated with more complex 

tecl-nology. 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 

an area in which technical changes were clearly in an
materials? This is 
appropriate direction (especially in those parts of the plant-in the coke 

ovens, sinter plant and blast furnaces-where the processes are inherently 
that is, where most costs relate to materials costs).materials-dominated, 

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 de,,Igned. (Locally available 

was mainly in the form of fines-that is, with small grains-which was 
ore 

amounts of SiO2 impurities, and had greatermore haematitic, had greater 
in its chemical and physical characteristics.)variability 

local cre meant that the entireThese special characteristics of the 
sintering process needed to be studied ab initio-both in practical operation 

pilot sinter plant-to understand the effect of
and by special tests in a 

raw materials onvarying physical and chemical characteristics of the local 

the process of producing sinter. For example, such properties as the physical 

resistance of the sinter, its basicity,12 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 
to be studied and assessed carefully,output and productivity-all needed 

material input mixes and different
based on different combinations of raw 

process conditions (Dahlman, 1978).
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making use 
of their pilot sinter plant, as well as 


Thanks to some initial guidance from their Japanese advisers, and through
by actually starting up and carefuly studying sinter and blast furnace production,13years USIMINAS overengineers severalwere able systematicallyunderstanding of the physical and chemical processes and use this to specify 

to build up their 
practical solutions and improvements.As a consequence they raised the capacity of this sinter plant over sevenyears (1966-73) by an impressive 101 percent above the rated level through(a) introduction and te,, :ing of progressively more sophisticated and efficientraw material input mix combinations-for example, 13 dilferent raw materialswere used in the charge to sinter plant in 1973 compared to only 3 rawmaterials in 1966, and (b) improvement of raw material preparation procedures,sintering procedures and blast furnace proceduresproductivity (but gtill requiring only relatively minor investments in embodied 

to increase yields and 
technical change).In consequence not only wasthe crucial sinter plant capacitycoke rate in itself increased, butthe blast furnaces (the number of kilograms ofcoke required per ton of pig iron produced-the main determining factorin steel production costs) was reduced in a similar period from around 600kilograms per ton to around 420 kilograms per ton.
These types of technical change 
 clearly appropriatewere in the sense

the quality of the local 

of modifying processes to match the available local raw materials; improvingraw materials throughcontrol; and introducing additional local 
more accurate selection andraw materials to further increasethe efficiency of the process.Adaptations were also made to increase the efficiency of use by USIMINASof national coal. Although the coal had an undesirably fxgh ash and sulfurcontent, the government had insisted thai it be used in subsk'antial i-roportionsby local steel plants. After the 1973more than doubled and 

::iergy 7risis, prices -(f imported cokeround of energy-savingir,4Luuuced with help 
a 

technical changes wasfrom the company's R&D department. This was 
intended to help cut down the fraction of imported coke and other fuelsrequired by the plant (Dahlman, 1978). Such changes meantnarional coal more effectively and save to utilize on imported coal were also obviouslyappropriate. 14In USIMINAS, then, we can see technical change wasin terms of the K/L ratio not appropriatenor in terms of scale, butat least went in an appropriate direction) in the 

was appropriate (or

use of local 
 raw materials. 

measurements, the K/L ratio did not shift downward in these firms either-

In three of the other IDB-ECIA studies which also contained productivity
in fact, just the opposite took place. In an Argentine lathe producing firm,between 1960 and 1976 labour productivity increased by anpercent per annum average of 5.8while total factor productivity increased by an averageof 2.77 percent (Castafio, Katz and Navajas, 1981), suggestingincrease in the K/L ratio over a significantthe period concerned.zs In the Argentinerayon plant studied by Katz and others (1978) drastic modernization was 

http:concerned.zs
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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. 6 Therefore, much of the observed 
pattern 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 runs 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 sturies werethe norm even in those large three Latin American countrics, for modemsector firms. Instead, as the IDB-ECLA studies as a whole imply, and asthe review of infant industry productivity change by Bell (1982) shows moresystematically, the average picture of Latin American (and LDC) industrialinfant industry maturation is disappointing. This is especially true whentracking how the K/Q and K/L ratios are faring when compared to steadilyimproving international standards. In particular, it appears that average ratesof productivity advance in many industries are pretty slow, and the costand duration of industrial infancy are correspondingly high. Instead of infantindustry learning periods (catch-up periods) for steel plants and capitalgoods industries lasting about 10 years, it emerges very clearly both in theIDB-ECLA studies and in Bell's review that the time involved has been atleast twenty years, often thirty years or more. (USIMINAS is an exception.)While traditionally one measures the duration of infant learning in termsof how long it took a particular plant or national industryprogress from as a whole toinitiating production to a lowering of its production coststo an internationally competitive level, the IDB-ECLA studies have illustratedthat industrial infancy can also usefully be measured along the dimensionof increasing internal technological capability as demonstrated by masteryby firms of certain levels or degrees oftechnological capacity and organisationalsophistication-which are a precondition for achiev,'-g cost reductions.For example, in his review of the IDB-ECLA ca. iral-goods studies Katz(1982a) identifies four different stages of technological capability along atrajectory being travelled sequentially by a representative Latin Americancapital-goods firm using a basically discontinuous technology.These phases were 
workshop/plant; 

1)original implantation of small-scale, unsophisticated2) transition through rapid expansionvestment into a more via embodied inmodern factory; 3) digestion and raticnalisation ofthis expanded factory through employment of more technical staff, a moreconscious technical strategy, and the progressive replacement of rules of
thumb by properly organized plans, standards, manuals and procedures; and
finally 4) applying organization and methods techniques systematically tothe entire plant and all of its complementary functions.To complete thi3 sequence of four stages required at least twenty yearsby those firms which had succec3fully done it. Most of the firms in theIDB-ECLA sample, however, had not completed this four stage sequencebut could still be located at some point in between stages two and three.It was also emphaized by Katz that there was nothing automatic aboutfirms being able to pass through this sequence or to do so efficiently. Manyfirms simply do not get through all the interim stages, and get stuck atlower levels of sophistication or actually disappear en route due to competitive
pressure

LDC capital-goods plants are typically different from DC plants as regardstheir smaller scale, higher degree of vertical integration, lowersubcontracting and idiosyncratic technical use of
organization. 17 Given these dif
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ferences, and a goal of aiming for the optimum choice of technique, the 

need is for flexible 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 r-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, coordirp.ted 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 expansioLs 
in the second cycle. I 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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contributing to the some ways most crucial of all,the set of decisions regarding precisely how the firm itself will (or will not!)gear-up for and participate in the specification, construction, and start-upof its plant or expansion.)The revision needed is to bring learning and technical change considerations explicitly and fully into the feasibility analysis-that is, explicitlyto estimate learning times and learning cost of major scale changes andmajor technical changes as part of the standardcost-benefit analysis procedurefor such investments.As suggested earlier, an important issue for appropriate technology whenanplied to modern sector infant industries in LDCs relatesefficiency-that is, to K/Q and L/Q measures. 
to industrial 

Many researchers and policyanalysts take a hard line on the question of industrial efficiency, by definingindustrial infancy as a 

market"; 

condition of "being uncompetitive
and they define industrial maturity as, 
on the world

"a condition ..... fbegcompetitive and of being able to remain competitive." Maturation, in thisdefinition, 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 theoutcomes of technical change trajectories in certain Latin American capital.goods plants using continuous technology on the grounds that the empiricalevidence from the case studies showed
Latin American region behind 

that these plants "operate in theinternational standards."We think, however, that putting the issue in this tough way is not veryhelpful. The important question to ask about long-run trajectories in mostLDCs is, so far as their end results are concerned,plants behind international standards?" "how far are theseThis is a quantitative problem.However, value and policy judgements will be required regarding the extentof the productivity gap that can be regarded as tolerable. In this context,
both scale of plant and choice of technique are important issues whenever
the fundamental scale and/or technology of an
smaller or LDC plant are inherently
less efficient than competing large-scale plantsin advanced countries. For then a situation 
or technologies
 

still be a can arise in which there will
significant productivity gap between these
even two kinds of plants
when the LDC plant has managed to traverse a complete sequenceof technological maturation with its plant. The size of this gap is determinedby the inherent design limits of the small-scale technology versus the largescale technology in advanced countries.However, at the !cvel of industrial protection and tariff policies, the issue 
plants never 
seems to 

can 
be wrongly 

produce 
put if one states that because small and medium-scaleas cheaply as larger scale plants in advanced 
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such small and medium-scale plants should havecountries, therefore 	 no 
nonsense ofplace In international production. This would make complete 

most of the developing world.industrialization policy throughout 
Rather, one has to accept that if societies are going to industrialize, then, 

or India, thewith a few exceptions such as the largest LDCs like Brazil 
the general erderincidence of small and medium-scale plants is going to 'f 

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 strategiestowards 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 
. . (has) ...(ECLA) on technological development in Latin American eaterprises. 

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 coulJ 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 exte.nal economies to other 

segments of LDC industry. Also the IDB-ECLA studies did not significantly explore 

the technical performance of local engineering or consulting engineering firms. Yet 

these kinds of firma, perhaps even more than local capital goods firms, have beer. 

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% repllcable or transferable even in theory. When two rlants 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 

learning process as one involving "technological maturation" by firms. 
were introduced6. A sig.qificant fraction of these minor technical changes 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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of technical change in the start-up period of the blast furnaces in a Brazilian steelaccount of technical change in start-up periods.
was 


plant. Sercovich (1978) also provides an excellent detailed empirical and theoretical7. In many cases, the stimulus to these upgrading types of minor technical change 
the emergence of production bottlerecks. In other cases, it was to cope withchanges. 

adverse external changes: for example, supply shortagesAchieving cost reductions price rises, or competitiveimportant stimulus, as was 
through increased productivity

oPpo:'tunites either through raising plant output, raising Product quality, or launching 

the desire of managements to seize 
was also annew products. new market demandasn ln upt asn rdc ulto8. In anhnthe Latin American countries studiedsignificant part of the observed pattern of technical change in firms was an adaptive, 

in the IDB-ECLA programme, a 
in 
induced response to emerging bottlenecks, imperfections, distortions, and uncertainties 

the surrounding supply context and policy contan-..Teitel (1979), Canitrot (1978), 
This is well described inand Teubal (1979).9. This phrase is used (and its meaning developed in detail) by Lall (1979),

(1982a), and Bell (1982). Katz10. 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 a chemical property, the Opposite of acidity. Bases and acids 

with and neutralise 
 react13. During start-up, rated sinter pla.. 

each other.controlled stages in which first one, then another of the basic raw 

° ?acity was achieved in a series of carefully
materials were 

tried out, the idea being to introduce and study relatively few parameters at any 
one time in order to build up experience and understanding of the sintering process 
(see Dahlman, 


1978).
14. We should neverthelesslike USIMIN.AS note that the classical integrated coke-basedgrade coke, 
continue to be considerably dependent plantswith its foreign exchange implication. In 

on imported metallurgical
contrast in Brasilscale charcoal-based are also 

located the world's leading firms in the adaptation and development of much smallerblast furnaces which can be fed by local Plantaton-reared15. These Productivity figures are taken from Bell's table already cited (Bell, 1982,16. Two of the IDB-ECLA studies, namely Canitrot (1978) and Fidel and Lucangeli
 
(1978), explore the behaviour of firms in introducing technical changes when faced
 
by macro-economic instability and the likeli}:ood of wide variations in factor prices 
over the Planning horizons of their investments. Among other things, these studies 
show that the decision 
 on whether to upgrade (modernize) equipment rather than
 
replace it with new equipment is strongly dependent on the availability and salary 
levels of skilled technical labour, the exchange 
labour for 

rate, and the length of the Planning 
horizon. Decisions to upgrade (modernize) a plant usually substituted skilled engineering

new capital-intensive imported equipment and constituted a significantkind of appropriate technical change.17. The idiosyncracies of capital goods plants may be even greater than in process 
plants because of product heterogeneity, component complexity, and the vast rangealternatives for implementing the process. 

of technical alternatives for arriving at similar end results, matched by organizational 

http:USIMIN.AS
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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 individualLatin American firms (and sometimes of complete branches of industry) inthe field of large-scale 
rayon, steel, 

process plants, including chemical, petrochemical,cement and cigarette production plants. There werestudies of this kind (see refs. 4, 7-9, 11, 
some 16

13, 15, 16, 18-21, 24, 26, 27). Therewere also two studies on technologylinked exports from Argentina (2, 14),three country studies of the contribution of technical change to productivitygrowth in manufacturing industry
spectively (1, 22, 25), 

in Colombia, Argentina and Peri, reand a valuable study of technical change in theArgentine 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, Hfexico and Venezuela. The different kinds of productioncovered .by the case studies included the manufacture of lathes and othermachine tools, production of automobile parts and components, productionof electric motors, some consumer durables, agricultural implements andmachinery, and the output of foundries and forgings plants. For thestudies, see refs. 37-50, 52-54 and 57-61 
22 

inclusive.According to the reference list, only two of these 22 capital-goods firmcase-studies, both related to numerically controlled machine tools (37, 44),appear to beernhave published in English, and theSpanish. others published inThe review paper which supplies an overview and conclusionsfrom all these studies is by Katz, see item 51 in references, and is in Spanish.However two much shorter, distilled versions of this review have beenpublished 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 
a one40 years) in the chronology of plants and firms, and thus avoided 

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 lea,,e out the greater part of the life-cycle of the firms 
and plants concerned. 

Most of the studies achievcd 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 qualLative 
and/or quantitative evidence of significant productivity impt. 'ements 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 Castafio, 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-7CLA programme to produce some review, theoretical, comparative, 
and summary papers which would distill the important results from the 
case studies 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 capital goods and metal working case studies; (iii) Maxwell, 
1982 (ref. 55) which conpa:es and discusses the programme's five steel plant 

studies; (iv) Teitel, 1979 (ref. 34) who examines how distorted macrocase 
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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Source: IDB-ECLA Programme Document. 



267 Latin American Case Studies 

economic context. A16. 	 First-best techrological strategy in an "Nth-best" 
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Figure 8.1 Phases/types of Productivity-raising technical change.
From Bell, 1982, p. 21. 
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Overview and Conclusions 

FrancesStewart 

I. 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 - siong 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 (see 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 majcr reason for the 
relative failure of AT-in terms of actual on-the-ground iovestment-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 
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Frances Stewartis paid to developments

oetrum-.that is, 
at the other end of the investment/technologyto the inappropriate technologies being introduced inthe modern industrial sector which pre-empt resources, create inequalitiesand regional imbalances, and may undermine appropriate technologies.While micro-interventions 

of AT requires have a role to play, the widespread adoptionthat all decisionomakers-publicdomestic-adopt and private, foreign andmore appropriate technologies. Tochanging achievethe this requiresgeneral context or macro-policies withindecision-makers operate. The aim of this book 
which individual 

has been to explore thenature of the macro-policies which would push all decisions in an appropriatedirection. While chapter one presented a preliminary classification of therelevant policies, the empirical studies (chapters two through eight) examinedthese policies from the perspective of particular technologiessituations in different parts of the world. 
in actual 

Identification of correct policies is one essential step. However, if thesepolicies are to be introduced in concrete situations, they must have sufficientpolitical support. One of the hypotheses in the introductory essay wasforces of political economy thatoften provided the decisive obstacle to theintroduction of appropriate macro-policies because the policies would changethe distribution of benefi:s from economic activity in aconflict with dominant interest way that mightroups. The empirical studies were intendedto elucidate how the policies identified as promoting AT would affect thenexus of interests in the society being studied.This chapter presents anthe main conclusions. 
overview of the empirical studies and analysesSection two will briefly review the findings of eachof the studies. Section three highlights the main conclusions and analyseshow the hypotheses put forward in the introductorymodification classification requirein the light of the empirical work. Before coming to theempirical studies, the rest of this introductory section briefly sketches theclassification presented initially in chapter one so that the findings of theempirical studies may be viewed against this framework of analysis. 

The Introductory classification suggested four areas relevant to the identification of macro-policies for the promotion of AT: those related to objectives
of decision-makers, 
 access to resources, the nature of markets andavailability of technology. the 

ObjectivesIt was argued that each type of decision-maker (for example, family, parastatal,small local private company, orits large private, multinational company) hadown objectives, but these could be influenced by the environment inwhich the decision-making unit operated. Consequently, objectives mightbe changed by changing the balance of different types of decision-makerswithin the economy. This was described as the composition of units. 
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Resources 

that the resources available to each decision-maker, inIt was suggested 
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 
and taxes, investment allowances, and 

resources (for example, subsidies 
minimum wage laws); policies towards imports (tariffs, quotas, exchange 

rates) which determine the price and availability of imported resources; and 
to finance for investmentcredit which determine accesspolicies towards 


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 
of decision-making unitsscale of production. In general, different types 

serve different markets, ranging from the world market to informal sector 

consumers. Government policies could influence both external and domestic 

markcts. External markets depend on developments in the world economy 
influenced-in terms of domestic decision-makers-bybut are much more 

policies towards international trade (for example, import-substitution versus 

Domestic markets are influenced by internal incomeexport-orientation). 

distribution and by the consumption regime, both of which could be changed
 

by government policies.
 

Technology 
was knowledgeThe fourth determinant of choice of technology suggested 

about and price of technological alternatives. Decision-makers normally have 

to only a subset of the world technological shelf, and this subset 
access 

example, multi-national corporationvaries with the type of unit. For 
access to the latest technology in use by

subsidiaries have easy and cheap 
of technology for the small-scale sector

the parent company, while sources 
largely confined to the technology in use by other firms in the regionare 

and the occasional machinery salesman. Over time the world technological 

shelf shifts and the subsets known to various units also bhift. 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, disseminaion 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 makemore appropriate choices and by shifting control over investable resourcestowards those types of decision-kers that tend to make more appropriatechoikes, that is, changing the comPosition of units. 

II. FINDINGS OF THE EMPIRICAL STUDZESThe studies divide broadly into two groups. The first five (chapters two
through six) are concerned with rural and agriculture-related technologies.The last two (chapters seven and eight) relate mainly to industrial urbanprocesses. 

Technology Choice in Indian AgricultureIn chapter two:zb Ashok Rudra reviews technology choice in Indian agricultureover the past t.5ree decades. He argues that after an initial period in whichmore-or-less aporopriate technology was promoted, since around 1959 the
Indian governnent, aided and abetted by it.ernment - reign (primarily U.S. govakid Ford Foundation) advisers, systenatically supported inappropriate technological decisions. The policy switch occurred with the emphasison a Green Revolution package, involvingirrigation, and mechaniration the application of fertiliser,in combination with the new seeds; thepackage of technology and inputs wai promoted in relatively large amountsand concentrated on relatvely few areas of high potential.An agricultural strategy that started in the immediate post-independenceperiod with the philosophy of all-round and self-r iant development of the

rural community was transformed into one narrowly focussing on productionconcentrated in regions, crops, and on rich farmers and depending exclusivelyon purchased inputs from distant and Sophisticated large-scale industries.Rudra shows that this tendency towards concentrating resourceslargei, farmers and richer regions, which led on theto growing rural inequality
and regional imbalance, occurred for each ofthe main elements in agricultural
technology: mechinisation, where, despite strong evidence of zero or negative

social returns, employment displacing mechanisation was promoted; fertiliser
polic7, where there are large subsidies on chemical fertiliser production and
no promotion of organic alternatives; pesticides, whereprevails; and irrigation, where mechanised tubewells w--2 promoted, while 

a similar situation
canals and other forms of traditional irrigation were ne6.,cted. In each case 
the interests of large farmers, and foreign 
 and domestic machinery and
technologies at the expense of small farmers, landless labourers, and rural 

fertiliser producers, combined to bring about policies favouring inappropriate
artisans, and of large regions in the country where the "package"inapplicable. was

The policies which led to inappropriate technology in Indian agricultureand 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 ofchemical 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 forces of political economy 
which led to the policies favouring appropriate technology-namely &J-* 
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 One mechanised shallow tubewells (ST) by several criteria 
MOSTIs 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 'rates 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 MOSTI, 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 

and high use ofaccess to credit, where the low capital costs, low scale, 
labour are particularly advantageous. Surprising-l, research into the results 
of projects supporting MOSTIs 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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2. Price policies in Bangladesh ger.urally favoured the moretechnologies. 	 inappropriateIn this case there was a heavy tax on the steel pipesused in the MOSTIs and subsidies on mechanised methods.3. The system of credit was such that small farmers had virtuallyaccess to institutionalised credit, and had to pay high rates for informalsources 
no 

of credit.4. 	The financial and administrative procedures of the aid agencies werebetter suited to mechanised techniques with a large import contentRecently, a MOSTI-type
instead of steel. 

pump has been developed using bambooThe pump may be produced entirely within thevillage. But this type of development cannot be handled by most aidagencies which need to deal with recognised, formal sector organizations.There were also problems within the Bangladesh admin.Ltration whichexhibited biases towards mechanised techniqlues.to support MOSTIs in 	 A USAID project1976 had difficulty in securing cooperationfrom the Bangladesh Agricultural Development Corporation. 

The policies identified thus fit into those of resources (prices and credit),technology (research and development) and objectives (the objectives andorganisation 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
were 
technology showed that the major gainers from the appropriate technology6mall and landless peasants and rural artisans while the groups gainingfrom mechanised techniques included large peasants, bureaucrats, and equipment producers and installers (see table 3.7). 

Paddy Threshing Technology:

Thailand and the Philippines
In chapter four, Bart Duff tells the story of the small thresher
by the International Rice Research Institute (IRRI) and its impact in thePhilippines and Thailand.Two versions of a thresher suitable for small rice farms were developedby IRRI, the outcome of research and development starting in 1967. Local 

designed 

manufacture of the threshers wasthere were initiated in the mid-1970s and 	by 1985Thailand. In each country, there was a very high adoption rate among smallfarmers in irrigated areas. 

70 firms producing the threshers in the Philippines and 20 in 

Analysis of the effects of the thresher showslabour-displacing, saving between one-quarter and one-third of labour used 
that it was significantly

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 aflected 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 inechanised threshing. 

In the Philippines, this labour displacement occurred at a t .,qe 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 small 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 PhilippLies 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 promotion provided free by IRRI also contributed 
to private profitability. The technology's profitability was also due to the 
yield increasing eifects (of from 0.7 to 6.0 percent of the grain) because 
greater losses tended to b, associated with manual methcds, unless there 
was a high degree of labour supervision. 

The study suggests a number of important concdlsions. First, it underlines 
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 ;hows the potential for R & D, but also suggests 
that very great care is needed to enzure the appropriateness of new 
technologies, especially in a labour surplus economy. In the Philippines 
what appeared 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 technology 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 
expe-ase of employment and a deterioration in income distribution. 

Rural Linkages in the Philippines and Taiwan 
The study by Gustav Ranis and 1: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 incomeshave risen), forward linkages (processing agricultural crops), and backwardlinkages (supplies of inputs to agriculture). Examples from the Philippinesshow the very extensive nature of these linkages, with a one percent increasein agri.cultural output leading to a more thanagricultural employment one percent increase in nonin the rural areas. Consumption linkagesgeneraily quantitatively the most significant. In Taiwan the rate of growthof non-agricultural employment in the rural areas was more than twice the 

were 

rate of growth in the Philippines at a time when agricultural growth rateswere similar. Comparison between the two countries revealed a number ofreasons for such a difference. First, more capital-intensive technology choicesin agriculture in the Philippines generated less additional consumption fromemployment, and smaller rural backward linkages, since mechanised techniques had a markedly higher urbanmechanized techniques 
and import content while the lesswere more often manufactured and serviced in therur'" area. The high rate of large-scale mechanisationwas due to a in the Philippinesset of price interventions, including subsiiised credit, whichfavoured tractors, and to unequal land distribution. In Taiwan the rapidgrowth ofvery labour-intensive crops-mushrooms and especially asparagusalso enhanced consumption linkages and generzted employment in localcanning factories.In Taiwan, processing agricultural crops was generally more decentralized.A major reason for this situation in the examples of bananas and pineappleswas the presence of small-scale local companies that carried out the processingin Taiwan, whereas in the Philippines processing was done by multinationalcompanies in large-scale plants. In rice processing in the Philippines, aiddonors and the government together promoted large-scale capital-intensiveintegrated rice-processing plants, at the expense of small-scale village mills.The availability of infrastructure-roads ard rural electrification-waserally much more gendeficient in the Philippines, discouraging rural linkages.The study concludes that strong rural linkages are a powerful mechanism
for promoting AT and identifies a number of policies which would strengthen
these linkages. A general policy conclusion is that policies which effectivelypromote agricultural development also have a substantial positive effect on
the promotion of AT. For any given rate of growth in agriculture, policies
which favour labour-absorption in agriculture increase rural linkages. These
policies 
 include egalitarian land reform, reforms in price interventions toavoid favouring mechanisation, reform in credit institutions,to promote the growth and policiesof high value labour-intensiveGenerating cropping patterns.more decentralised and appropriate choices in agro-processingrequires changes in organisational structures (that is, a shift from MNCsto local companies) as well as improved provision of rural infrastructure.Local small-scale entrepreneurs tended to adopt more appropriate techniquesthan either MNCs (as shown in the case of bananas and pineapples)parastatals supported by aid agencies (as in the case 

or 
of rice). 
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Policies suggested by the study fall into four categories. The emphasis 
on policies to promo4!' 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 linkage-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 open-pan 
sulphitation technique (OP), which is much smaller in scale. The VP 

tons of cLne crushingtechnology ranges in capacity from 1,000 to 7,000 
..c.d.,capacity per day, with optimal plant size in the 1970s of around 5,000 

the OP techniques are designed for 100 or 200 t.c.d. T"Ihe OP technique 
is far more labour-using than the VP-the capital/labour ratij of the VP 

to 20 times the K/L ratio of the OP plants. Inplants range from four 
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 InAia where both 
types of machinery were manufactured in the courncry 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 small-scale and decentralised location of OP technology, 
it is far better suited to processing the small quautities of sugar cane 
produced by small fan.-er3. The large farmers find the large processing 
capacity of the VP technology more convenient. 

In the past there has been considerable debate about the relative 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 thee is no such discount as the product of the VP 
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increased and is 
in many circumstances.It is evident that thc OP technology represcnts the appropriate technologyin most conditions of capital-scarcity and underemployment. However, inKenya only 1.7 percent of output is processed by OP techniques. In Indul,30 percent of output is OP-processed.Kaplinsky identifies a 

The price of sugar is an 
number of policies that have led to this situation.important influencethe greater the cost of a 

since the higher the price,lower recovery
price but rate. In India, there isa complex pricing system whose effect 

no single 
varies according to on choice of technologythe precise situation, while the overall effect-becauseof the complexity of the regulations-is unclear. This raises an importantissue which has wider implications than the example being considered here.Government regulations over prices-or other typeshave of intervention-canunintended but important effects on choice of technique. This isespecially likely to be true where the interventions are complex. Governmentscommitted to AT need to incorpornte AT considerations into the decisionmaking process not only where chuiceaffected but also in cases, such as 

of technique is evidently directly 
The aid community has been 

this one, where the effects are indirect. 
a major influence on choice of techniquein Kenya since most of the plants have been aid-financed. Bilateral donorshave favoured VP technology

machinery while their own 
because they permit tied-aid to finance thenationals provide the management contractsand expertise required. Multilateral aid donors have also broadly favouredthe VP technology. Here the motiv.ion isthat the VP more complex. Onetechnology reason isinvolves large-scale formalare sector projects whichgenerally preferred by the aid donors since they permit rapid flow offunds and may be subject to the rormal control procedures.story was (A similartold for irrigation projects io Banglziesh.)Government price and subsidy policies hav- .*',d-n a major factor in Kenya.
The VP mills are 
not required to write off t i,:!r heavy depreciation costsso that capital is effectively subsidised; the OP mills (which have much less
heavy capital costs) 
are required to 'rite them off.The study identified significant policy influences over choice of technology
in each of the categories 
 of the classification. Objectives of aid-donorssupported the inappropriate technology in Kenya. Large farmers' oblectives
were 
best met by the VP, while those of small farmers were better served
by the OP. As noted, cheap and abundant capital supplies, resulting frompolicies of aid-donors and government, helped the VP technology in Kenya(the resource classification). The variable quality of sugar fiom the OP mademarkets an important influence; low income consumers bought cheaper andlower-quality sugar produced by OP techniquesconsumers in Jndia. Higher-incomewere prepared to pay more for the VP produced sugar. Theavailability and efficiency of different technologies turned out to be critical,with the recent innovations in OP techniques greatly improving their relativeefficiency. 
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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 position 1', the government), and the aid community. The 
gainers from the OP echnology 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 interests 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. smiall farmers and snmlU 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 hii 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 realisc 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 - zchnology 
and the role of the parastatals made in the earlier chapters suggest that 
this is not the case. James-looking at the apparently different environments 
in capitalist Kenya 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 economically 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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In searching for 
 causes

bureaucrats James poinLc.' tc the overriding objective ofwithin parastatals and governwen!,, departments tooutput in a short period maximise 
of increase 

as being a central factor. MaximiSation of the rateof output required maximising the number of new projectsinitiated. With the foreign exchange and financial stringencies prevalent inboth countries, bureaucrats found that seeking foreign finance was the mosteffective way of maximising new projects. Heavy dependence foreignonfinance in turn led to dependence on Western sources of technology andmachinery, with the consequence that methods of production dominant inthe source country were introduced unquestioningly into the very differentconditions of Kenya and Tanzania. The connection between foreign financeand inappropriate technology isclear-cut in the case of bilateral aid. However,James establishes that the same situation prevailed for multilateral finance,in the examples he examines. One reason for this was that it was acceptedby multilateral agencies that the technology must produce products whichwould meet international product standards,intended, or because either because exports wereconsumers were believed to demand these standards.A second reason was that small-scale activities would require far moreadministrative and supervisory resources and would therefoare delay securingthe desired increase in output. This was the reason given for rejecting anOP sugar mill in Tanzania in favour of a VP mill; the OP technology wouldhave involved 200 plants compared with five for the VP.James' analysis leads to a number of policy conclusions. First, he suggestschanging the balance of investment
organisations away from the large-scale parastatalto smal-scale plants-that i, changingunits. Second, the composition ofhe identifies ways .'fimproving the decisions made by theparastatals. These include redu : 'imphasisoutput increases, reducing the a:.-

at all levels on maximising 
the links between 

.,.-iy of the parastatals, and restoringefficiency and profitability. In the Tanzanian case this
would require a reform in the system of price controjs which, by operating
on a cost plus basis, left lttle incentive for efficient choices. In both countriesreduced financial priviieges to parastatals-which
ended subsidies-would be necessary, as 

often permitted open
well as a move towards a morecompetitive environment. James argues that the strong bias in technologicalchoice imparted by the requirement of securing the late.t product standardsne!eds to be tackled directly by a products policy. "rhe technological biaswhich is the outcome of financial dependence or developed country sourcesmight be reduced by active search fbr devtluping country sources of financeand technology.

The study of tii,, parastatals gives greatest emphasis to objectives and toproduct standards in analysis of the policies whichchoices. led to inappropriateResource access was critical because of the link between financialsource and technology source, whilegovernments permitted parastatals 
price and subsidy policies of theto 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 changes was four'd to be 
similar to that in previous studies. The gainers from more appropriate 
decisions would be the unemployed, 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 appropriateness 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 what may be excessive standards. 
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The direction of technical change achieved by these efforts depends onthe general economic environment as well as the specific opportunities andconstraints of the particular firm. The IDB/ECLA studies covered LatinAmerican economies in the 19 70s when the macro-economic environment-In terms of factor prices, credit availability, income distribution, and tradingstrategy-tended to support a rather capital-intensive choice cf techniqueand the production of rather sophisticated products far elite markets. It istherefore of interest to contrast these findings with earlier study ofanTaiwan and South Korea (see Ranis, 1973).
Ranis found, in contrast 
 to the findings of the IDB/EC'A studies,number of appropriate adaptions of imported techniques by local 
a 

firms,which reduced the capital/labour ratio, in response to the pressures of theenvironment. The macro-economic environment in Taiwan and South KoreaAn the 1960s was very different from that of Latin American economies ofthe 1970s. Factor markets were more unified and factor prices facing themodem sector more closely reflected factor availability; income distributionwas much more eqi.,a and the elite market was therefore less importantwhile the mass market was more important; and the trading environmentwas much more open, with greater emphasisproducts. The contrast 
on exporting manufacturedbetween the two cases suggests that there is noinexorable tendency for technical change to be unavoidably in an inapproptiate direction, but local firms may respond in an appropriate way wherethe macro-economic environment is pressing in that direction. 

III. LESSONS FROM THE STUDIESThe policy findings of the empirical studies generally support the classificationof policies suggested in chapter one and summarised above. They indicatethe relative importance of different policies in different contexts, and identifysome additional policies for AT, not included in the initial classification.The analy3is of the political economy of AT
especially as similar conclusions emerged from
policies in the studies

considerable empirical light 
several studies-throws 

on this difficult area. This section starts byreviewing the initial classification in the light of the findings. The sectionconcludes with a review of the findings on the political economy of AT. 

Clas ification 
Objectives 
Of the many actors involved in investment and technology decisions thestudies provided most careful analysis of and evidence on the objectives ofdecision-makers in parastatals. Also some evidence was gathered on decisionmaking within governments and by aid-donors. For each of these categories,the nature of the objectives identified has important implications for technology decisions and for the development of policies to promote AT. 



285 Otevview and Conclusions 

Parastatals. 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 of 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 inLreasing 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 pri,rate 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 activities 
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 isnonsense). Proper technology search and investment appraisal 
procedures would significantly reduce the influence 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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alternative 	 they should search forsources of 	finance which might involvetechnologies-that is, 	
more appropriatemore deve!oping country sources.5. 	Generating new forms of public enterprise whose structures are likelyto favour AT. This implies that they should be much smaller in scalethan most parastatals and the role of bureaucrats should be smaller.Small cooperatives provide one possibility (see Stewart (ed.), 1983 forothers). 

Foreign aid donors. Foreign aid donors were notdecision-makers in 	 included as majorthe initial classification.that in many countries they 
But the studies make itclear 

example, Rudra traces 
are critical in many technology decisions. Forthe whole development of policy making towardstechnology in Indian agriculture to 	the interaction of advice and assistancefrom the aid community and policy makers in India, with the aid communityplaying the leading role for the most part. Aid was also of major importancein irrigition in Bangladesh, in many choices made in Kenyan and Tanzanianparasta"als, and in rice processing and agricultural mechanisation in 	 thePhilippines.

Or, balance the inflt,ence of 	the aid'community-accordingstudif.-s-is overwhelmingly 	 to thesein 	favour of inappropriate technology. Bilateralaid donors systematically supported technologies exported from theireconomy, which almost invariably 	 ownmeant large-scaletechnologies. There 	 and capital intensivewere a 	few exceptions to this-USAID, for example,supported one of the MOSTI proj, 1-,.
aid, according But the net effects of bilateral project
to 	these studies, uwas to support inappropriateThere 	 technology.was a little more ambiguity about multilateral aid, but the net effectseems to 	have been similar to bilateral aid:aid donors 	 in most cases the multilateralsupported inappropriate choices. UNICEF's support for theMOSTI in Bangladesh was an exception. In addition, James notes exampleswhere the World Bank questioned choices of technologythat they were inappropriate, 	 on the groundsbut the choicesThe studies 	 went through nonetheless.cite a number of cases where there wassupport for inappropriate 	 initiation of andtechnologies.
tractorisation-which 	 For example, in the Philippines,displaced labour and had little positive effect onoutput-was financed by joint programmes between the Philippine government and the World Bank, providing subsidised credit. The Asianopment Bank 	 Develwas largely responsible-again
government-for 	 in collaboration with thethe large-scale integrated rice complexes whichopportunities for village rice milis. In Tanzania, the World Bank supported 

reduced 
a 	VP sugar project, generating a fraction of 	the employment of the OPalternatives.Part of the reason for the aid-donors support of inappropriate technologylies in the same kind of bureaucratic objectives that James identified withinparastatals. An overwhelming objective of aid administratorsis to meet their target flow of finance, while ensuring 

in many cases 
that the projectsfinanced meet the procedures that have been laid down. Questions of project 
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efficiency and social desirability often come ;ceond. It is alwavs easier to 
meet financial flow targets with a few big projects than with a multitude 
_.small ones. Moreover, many small project managers may not be able to 
fulfill the mandatory auditing requirements. When, as with much bilateral 
aid, these objectives are combined with the objective of tying the aid, the
forces favouring inappropriate technology become o%erwhelming. Multilateral 
aid donors normally finance only the foreign exchange component of the 
capital cost of a pi'oject 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 czhange motivations and procedures

of bilateral and multilateral aid agencies towards promotion of AT.This 
would involve: 

1. 	switching from project aid to general or sectoral aid;
2. 	 giving priority to aid for smnll-scale projects;
3. 	 to avoid heavy administrative costs associated with small-scale projects,

rajor aid age!ncies,. -ould use interrr-diary national institutions which 
could help finance and supervise small-sca.e projects. Consequently, 
an elfort is needed to build up suikable national institutional capacitic:; 

'. 	 incorporating AT into project aid explicitly, that theso search for 
efficient AT methods becomes an explicit element in project aid;

5. using LDC consultancy firms; 
6. 	 eliminating aid-tying; 
7. 	 eliminati g the capital cost only, foreign exchange element only, aspects

of aid financing; and 
8 	 changing auditing and paperwork requirements to ease the problems 

of very small firms. 

Tt is evid.nt that for both categories just discubsed-parastatals and aid
dot -,'s--decisions were taken in interaction with the government concerned. 
In the case of the parastatalh, 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 dAiscussion, with 
the government. Governments have undoubtedly favoured inappropriate
technology not oniy in the ;ust cited butcases also in the determination 
of many of the macro-policies discussed throughout this beok. The reason 
for this lies largely in political econom, to be discussed later. But in 
addition, the government itself is sLbject to similar bureaucratic influences 
that apply to the parastatals and the ad institutions. These bureaucratic 
influences ratLra. y support deisions favouring projects thzt can be executed 
quickly, and lead to maximum plan fiulfillinent. Governments also have 
administrative procedures, like Lhe aid institutions, and these procedures 
are most r.adily 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 requirements. Thus extendingthe analysis of the biases imparted by "bureaucratic man" to governmenthelps to explain the systematic support many governments have given to
inappropriate technology. 

Resources 
The studies strongly endorse the view that price and availability of resourcesto different micro-units affected the choice of techmique within each unitand also the distribution of investment as between different types of units.Many iristances were identified of government policies towards pricesespecially tax and subsidy policies-which favoured inappropriate decisions.One example was the depreciation write-off permitted to VP technologiesin Kenya: another was the subsidisation of mThanisation in Philippineagriculture; 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 fbund that"credit sales had been very disappointing, explaining this was due to redtape 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 sectoractivities were by definition excluded from securing loans from formal sectorcredit institutions. Any credit they received came from informal sources at
high interest rates. 

There was clear evidence that famiy labour was regaxded as having alower cost than the wage for hiring labour. This was the case, for example,in irrigation in Bangladesh and in harvesting and rice threshing in thePhilippines. This difference meant that family farms found more labourintensive techniques to be efficient, as compared with commercial farms

which adopted more mechanised methods.


Policies towards tariffs and exchange rat,.s dlso affected choice of technique.For example, in the Philippines the protection and overvalued exchangerates led to relatively low prices for imported tractors, encouraging mechanisation. In Taiwan, the successful export expansion of highly labourintensive crops-which in turn led to high rural linirages-was in part dueto the exchange rate regime which favoured exports.
One finding of the studies was that govermnent interventions on pricesmay affect choice of technique even where this is not the obviousintended effect of the interventions. 

or
One example was the price controlsystem in Tanzania; another was the sugar price regulations La Kenya andIndia. In all the cases of this sort which were discussed, the effects tendedto be towards support of inappropriate choices. 

Markes and Products 
A near universal finding of the studies was the dominating influence ofProductquality on choice of technique. This was true of paraitatal's choicesin Kenya and Tanzania; in rice-processing in the Philippines; in sugarprocessing 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 tecmology 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 wbolly (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 

nutrients but be less uniform or less well packaged, formay have more 
not equal since the higher quality hasexample.) However, other things are 


the undoubted cost, normally, of involving a less appropriate technology.
 
aFor example, in the Philippines the big rice processing plant produced 

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 hpd 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 a 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 

consume appropriatelow-income consumers. The need to produce and 
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 leading to choice of capital-intensive techniques. First, 
the products may be considered superior in advanced countries but may 

if they are consideredbe inappropriate in poorer countries. Secondly, even 
superior in the developing country context, the costs of employment and 
output foregone must also be weighed. 
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firm as had previously
consumers were accustomed tothe product. No search was made for more appropriate products using moreappropriate technology. More appropriate substitutes do exist in both productand technology (see Langdon). These were not eventhe automatic considered because ofand unjustified assumption that product quality must be"maintained." One interesting aspect of this example is that it comes from

a country wbich is, relatively speaking, rather egalitarian, doesgreat respect for multinational companies not have or Western consumer values, andis heavily interventionist in many areas.AT poicies therefore also involvedistribution is one 
products policies. Domestic incomeimportant determinant of the market for different typesof products. Poorer consumers buy different types of products and also,within each category, tend to consume more appropriate products, normallyproduced with more appropriate technology (for examaple,items, less regular quality, as in the case 

less packaged 
price discount on of OP sugar in India where thethis type of sugar makes it accessibleconsumers). A successful AT strategy would spread 

to lower income 
income earning opportunities more widely, which would automatically lead to the consumptionof more appropriate products, in turn providing further support for theAT strategy. Governments may also intervene more directlyconsumption patterns. 

to influence 
One possibility is limitation of advertising. Advertising is confinedadvanced country products so tantes toare artificially tilted away from moreappropriate local products. For the taost part, there are few restrictions onadvertising in developing countries; advertisements for products with strongly(and well known) negative effects (for example, cigarettes, baby milk) areoften permitted without restriction. Secondly, governments can provideinformation services to identify, assess, and inform about alternative products.Thirdly, governments may develop andquality. (See James and Stewart for 

adapt regulations about product
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 
 asevere limitation of personal liberty. This argument is completely misplaced.Consumers' freedom is severely limited in developing countries by the lackof income. So, while consumers
what they want, they have 

may bc said to have the freedom to buyinsufficient incomesensure to buy enough even toadequate nutrition. A policy which gives them enough income toensure their health but reduces the ability of some to advertise would notconstitute a severe infringement
in developing countries 

of liberty. Secondly, consumers' freedomis limited by their ignorance about alternativeproducts, while their tastes are manipulated by 'he 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-intenive 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
pattenis and product requirements. 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 case 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 which 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 inappropriate products. Policies to promote such trade-e.g. by mutual preferences, mutual trade liberalisation, monetary arrangements, or countertrade-fbrm part of the array of AT policies.The studie, strongly support the view thit appropriateproducts are anessential aspect of appropriate technology both because the production ofinappropriate products generally requires inappropriate technology, andbecause meeting the basic needs of poor people requires the productionof appropriate goods to meet their consumption needs andappropriate productive to provideequipment. The appropriate products aspect ofappropriate technology has generally been given inadequate attention bysupporters of appropriate technology. 

Technology 
While several of the studies identified particular techniques with appropriatecharacteristics, it was clear there was considerable potential fbr improvingtheir efficiency-and therefore their ability to compete effectively withinappropriate techniques-and that in some areas few appropriate techniquesexisted, owing to the neglect in research and development programmes.The thrust of advanced country technological change istowards improvedefficiency of technologies which have increasingly inappropriate ch racteristics. A typical example isthe VP sugar technology whose efficient minimumscale has risen from a crushing capacity of 1,000 tons a day to about 7,000tons, while the capital/labour ratio has also increased. Since world researchand development is concentrated in the advanced countries, the majordirection of technical change is in an inappropriate direction. And, sincethe resulting technical change usually increases the efficiency of the technology, as well as changing its characteristics, it makes it increasingly difficultfor appropriate technologies to remain competitive. Moreover, a good dealof R & D in developing countries isof a similar kind to developed countryR & D, focussing on large-scale and capital-intensive technologies. Rudraargues that much ofIndian R & D in agriculture has focussed on inappropriatetechnological change. As Maxwell's study shows, much technical changeemerges from rather informal in-house firm activity; in the context of LatinAmerica this change has also been, on balance, in an inappropriate direction,generally increasing scale aid capital/labour ratios, though making greateruse of local materials.
There are examples of innovations improving the efficiency of or developing new appropriate technologies. The work in improving the efficiencyof OP sugar technology has made this technology competitive with the VPtechnology in many circumstances, whereas previously it had been regardedas an inferior technology (see Forsyth). The use of the MOSTI wells-andmore recently the bamboo version of the wells-are other examplesappropriate innovations. Biggs and Griffith argue that there is considerable

of 
potential for further improvements in efficiency, since so far little seriouswork 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
Ars 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
i developing countries. According to Rudra, there 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 e-t-emely 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 andinternationally-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 study shows thatcase 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 standardsand in rural
linlcagax 

. Standards: This has emerged as a powerful instrument for achievingimprovements in technology, as shown in a study by Kiyokawa and Ishikawa.But it is necessary to incorporate appropriateness into the development ofstandards before this can be an effective tool of AT. This is an area inwhich detailed work at an industry level is required.- Rural linkages: Chapter five showed these to be an extremely powerfulway of promoting AT. This means that agricultural growth as such tendsto generate AT, especially if accompanied by policies (described in thatchapter) to strengthen these linkages. 

Compositifn of Units

The discussion above has summarised ways in 
 which the studies haveilluminated the categorisation of policies contained in the initial classification.In addition, the studies strongly support the view that choice of technologyvaries systematically according to type of decision-maker so that changingthe composition of units is a very important aspect of policies to promoteAT. Table 9.1 summarises the findings with respect to each type of decisionmaking unit. It represents a somewhat over-simplified view, especially asdiflrences in particular contexts, due to differences

itdoes not incorporate

in the policy environment. In general, the more 
the whole policy packagesupports AT, the less the difference in choices between types of units.Nonetheless, as can be seen from the table, the various units are subjectto rather systematic pressures, from each aspect of the classificationobjectives, resources, markets and technology-which make for consistentdifferences in choice of product and choice of technique between types ofmicro-units. At one extreme, parastatab and multinational companies bothmost effectively fulfill their objectives, given markets and resource constraints,by producing high-quality, sophisticated products using capital-intensive andlarge-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;OP sugar technology was adopted by small 
for example,

firms while parastatals andmultinationals adopted the VP technology. Small farms used the IRRI smalltools, while large farms bought tractors and used large mechanised threshers.Local companies in Taiwan moreused labour-intensive and small-scaleprocessing than the multinationals in the Philippines. There were manyother examples of such differences, as would be expected by the differencessummarised in table 9.1. It follows that changing the composition of unitswould have a major effect on choice of technology in the economy as awhole. If more investments were undertaken by small local companies, theinformal sector, and small and family farmers, then both product choiceand 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; 

3. 	 land reform to increase the proportion of land owned by small farmers; 
4. 	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.
 

These policies, which change the composition of units towards more 
appropriate decisions, need to be accompanied by policies designed to 
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 established that in many 
countries which explicitly support the objectives ofan 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 been to elucidate these policies. But many of the 
policies identified are familiar 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 poliy changes in the book 
came to remarkably similar conclusions, despite the differences in countries 
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and sectorn covered by the various authors. The gainers from AT policieswere invariably the unemployed and underemployed and small local firms;the potential losers were bureaucrats, large-scale domestic producers, largefarmers and foreign technology, management and machinery suppliers fromthe advanced countries. Aid institutions, which might have been expectedto be neutral (or pro-AT), were in. fact, for the most part, vehicles forinappropriate technology transfer, and presumably, therefore, would be losersby pro-AT policies. The balance of political power in the countries studiedstrongly favours those who would lose by AT policies. Hence the decisionmakers in government generally adopted inappropriate policies. Bureaucraticsupport for inappropriate policies partly stemspolitical reality; from recognition of thisand partly from the fact that bureaucrats' own objectivesare usually best met by inappropriate choices.This analysis of the political economy of policy formation derives fromcountries of very different types, in terms of thepolitical economy. For example, 
usual classification ofit includes the planned economy of Indiaand the more laissez-faire Philippines; socialist Tanzania and capitalist-orientedKenya; countries which have relied heavily on aid, such as Tanzania andBangladesh and countries where aid is of lesser importance proportionately,such as India; countries where multinational(Philippines and Kenya) and countries where they 

companies 
are 

are welcomed 
kept at arms length(Tanzania and India). Nonetheless, Taiwan managed to escape the inexorablepressures and to adopt a set of policies broadly supportive of appropriatetechnology. Aelevant factors explaining this are briefly discussed in chapterfive. They include the displacement of local elites in decision-making bypeople from the mainland in 1949 and an early effective land reform which,together with the development of a dynamic small scale industry, establisheda powerful combination of interests favouring many AT policies. In addition,geography and colonial heritage provided favourable conditions fordevelopment of rural industry. 

the 
One major conclusion from

policies is that in 
the analysis of political economy of ATmost of the countries examined, the completepolicies are unlikely set of ATto be introduced without major changes in politicalpower-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 sucha major change in political power. Some potential for change does exist in
those countries which at present promote inappropriate technologies.
First, aid agencies have some potential--epecially in some countriesfor changing the direction of their own influence and pushing governmentpolicies to favour AT. This would require 
a big change in the attitudes of
aid agencies which themselves tend to reflect dominant interests in thedonor nations. For bilateral aid such a change seems unlikely to bethan marginal. The moresame might be said-in vi ewmultilateral agencies. But this is an 

of past experience-of 
area where change might be possibleeither within the agencies or by a switch in financial flows towards agencieswhich are sympathetic to AT. 
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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 to develop
appropriate standards would be of 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; s small farms and thesmall-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 polic;es which would 
promote AT. They have also shown that in many cases government policies
have promoted inappropriate technologies. Analysis of the politics of therequired policy changes has jhown that the major problem in securing the
desired policy changes lies in political economy; this is the overriding
obstacle to the promotion of anppropriate technology in many countries. 

NOTES 
I am gratefil to Ted Owens and participants at the Washington, DC, seminar,
January 1986, for comments on a previous draft 
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COMPOSITION OF UNITS AND CHOICE OF TECHNOLOGY
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