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' ABSTRACT

The literature of development economips . is marked
with an interesting rhythm, In the fiftigs it regarded
agricultural growth as the maln source of economic
development. Attention gradually shifted, and
industrialization was prescribed as thé panacea for the
developing economies. The trend reversed once more, and
agricultural sector has risen into prominence- in recent
years. Another remarkable recent development is the revival
of interest 1in the analysis of the source and effects of
technical change. These toéics of current interest
. constitute the basic theme of the-present study which aims
at integrating~the question of agricultural growth with that
of induced technical change, placing spegial emphasis on the
distributional aspects of such change. It opens up with the
appalling observation that there exists a huge gap in
agricultural productivity among different countries which
cannot ' be explained by variations in soil fertility alone.
Proceeding further, the study finds that investments in
agricultural research and extenslion programmes contributed
significantly in raising the farm productivity of different
countries. The essential featurés of agricultural
development are analysed next as a means to increasing our
power of interpreting the process. TheAre;ulting analytical

framework is wused to examine the nature of agricultural

/
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tfansformatidﬁ in Bangladesh. It is found that despite
favdurable influences of some forces, lack of proper and
. pragmatic public. sector policies stood in the waf of
agricul tural developmenf of tﬂe country. This leads to the
natural extension of the study to a vitally important but
hitherto neglected area in which a formal model is developed
to help the public sector find out the optimal allocation of
its research and extension funds among various alternative
farm activities. The model deélsfwith a finite number of
"such activities and determines t?e efficient allocation in
each crop subject to explicig physical and financial
constraints. In addition, it also throws some light on the
distributional- effects of post%lated technical chapge. .The
model is empirically implemgnted in the context of four
major production activities/in Badgladesh involving jute,
rice, sugarcane, and tea./ In order chieve this,
different parameters of ‘;he model age estimated through
econometric and other Féchniques. ;The resulté‘ of the
analysis reveal ceréain fnt'reétinq facts. Rice is fqund to

dominate other crops by virtug of its massive share in total

agricultﬁral output of the counbtyy. However, the conditions
of final demand and the costs of the -programme turn out to
be important variables 1in the allocation of funds to the
remaining crops. Among Eng sugarcane dominates the rest,

followed by jute and tea. It 1is also found that technical

change in rice production will be detrimental to its

iv



producers. This finding is important in severa} respects,
but most important, it suggests that the ©public sector
should take deliberate steps to offset the loss accruing to

the rice growers to induce them to adopt the new technology.

Studies related to the allocation of resourceslto
agricultural research and extension programmes are very feQ.
Given that the agricultural sector "is highly important in
the economies of most of the developing countries, and that
Tits pe;formance has been quite disappointing 1in all but a
few of them; the agricultural developﬁent strategies of many
countries need to Sé re-examined and reformulated. The
- present study can be of some ‘help in attaining this
objective. However, this 1is one of the first studiés‘in
this area and these issues cannot be resolved on the basié
of a single investigation. Repeated studies encompasssing
aspects of the problem that we were unable to incorporate
will 1e§a to the gradual accumulation of knowledge, permit a
better understanding of the phenomenon, and help evolve a

more effective way to deal with the entire issue.
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CHAPTER I
INTRODUCTION
I.1 Statement of the Problem

In the face of the rapid population growth
experienced by most of the countries of ﬁhe world coupled
with a 1limited supply of natural resources, the main hope
for increasing or at least maintaining the preéent level of
consumption of goods and services hinges on raising the
productivity of existing resources. Increments in factor
productivity usually take place through technical change
which can be either exogenous or endogenous in character.
The analysis of séurcqﬁ of technical change 1is a recent
pﬁenomenon and received a great impetus along with the

fevival of interest in the theories of induced innovation.

In their pioneering study of agricultural
development précess Hayami and Ruttan (1971) have applied'
the theories of induced innovation to the study of technical
change in the agricultural sector.l Focusing on the
experiences éf Japan and the U.S.A., they observed that the
major force behind agricultural growth in these countries
emerged from the identification of the constraints on
productivity created by the factors in inelastic supply and
from the deliberate steps taken by the public sector in

those countries to ease the constraints. Similar studies of

1
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the agricultural development process of certain other

J—

countries tend to substantiate the above f?ﬂdings, ij;%ctly

or indirectly.

On the other hand, technical change in agriculture
is associated with several perceptible influences on the
society. First, by encauraging the use of certain factors
of production, it can alter the pattern of income
distribution among them. Second, by increasing the supply
and 1lowering the price of the c¢rop undergoing technical
change, it can create differential effects on the produéers
and consumers of the crop. Finally, by altering the mixture
of available products, it can change the consumption patterﬁ

of the society.

~In view of the facts that the direction of technical
change in agriculture is not exogenous, but depends on the
steps taken by' the public sector and that such technical
change may have different effects on different facets of the
society, the public sector should take the question of
allocating funds to agricultural research and extension
programmes seriously. This evidently calls for an in depth
analysis of the subject matter and it 1is to this that the

study presented in this dissertation is addressed.

&



I.2 Importance of the Problem

The problem of e;fablishing priorities 1in the
allocation of funds to research and extension activities in
‘agriculture and of analysing the concomitant effects thereof
assumes a high degree of importance on several counts.

First, even without conforming to the doctrine of
agricultural fundamentalism, we can recognize the ;;portance
of developing agriculture far the overall'devélopment of any
economy.?2 Stated briefly, the agricultural sector shppliés
the vital raw material for the industrial sector, serves és
a market for it, helps earn valuable foreign exchange for
the country, and provides some of the basic necessities of
life such as food and clothing. The degree and intensity
with which these roles are fulfilled may vary from country
to country but these are the basic functions traditionally
performed by the agricultural sector in most of the

countries of the world.

Second, there exists a huge technology and
productivity gap between the developed and the developing
countries of rthe world in the realm of agricultural
production. In many instances, the productivity of the
former exceeds that of the latter by more than two hundred
per <cent.3 Ironically, the developing countries are also

characterized by a high rate of population gkowth. As a



result, these countries face the uphill task of multiplying
their agricultural productivity for maintaining the current
level of consumption for the eve;—growing population and
also fo; striving toward the levels attained 5y the

countries alreédy developed.

Third, although some developing countries have
realized this problem, and stepped into an era of
agridultural research and extgnsion programmes, available
evidence suggest that such investments are quite low
compared to the needs. In addition, it is possible that
nuch of this investment is wasted due to the absence of
priority considerations in crop selection and due to the
duplication of services. The main reason for this
inadequate and misdirected investment 1is that these
countries jumped into the task of allocating research and
extension funds without any sound ex ante analysis.4 The
situation in most of the developing countries 1in this
respect is aptly described in the observation made by
Helleiner (1977): "In many less developed countries, the
possibilities of raising capital either at home or abroad
now look less daunting than the problems assoclated with

technological progress®.5

Fourth, the probiem gets added importance on account
of the fact that so far very little work has been channelled

in this direction. The literature of economic science is
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quite poor as far as studies concerning the allocation of
researchA.and extension funds in agriculture are concerned.
Similarly, our.knowledge about various aspects of technical
change |is sfill at an early stage of development. Not long
ago, Bonnen (1970) observed that very little is known about
the process by which technologlical changé works its
distributional effects and thét the existing institutional
arrangements to contend with the problem are highly
inadequate. Even though the decade of the seventies has
witnessed a resurgence of interest in the study of
agricultural development the conclusions of Bonnen are still

quite valid. - ’

Finally, the significance of the problem is enhanced
by the fact that the issue 1is highly wvolatile and can
generate considerable éocial tension. The ©public sector
must be aware of various socio-political implications eof any
step taken by it. If technical <change in agric¢ulture
sponsored by the public sector goes on favouring some
particular group of people at the cost of another, a growing
discontent may mount up. Pinstrup-Anderson (1974) observed:
"...a strong beligf developed that the technology brought
about through agricultural research tended to benefit the
higher income groups in the society, hence aggravating the

skewed income distribution currently found in most of the

developing countries".6 Recent studles of Grabowski (1979}



and others lend support to this view.7 S}milar problems are
surfacing in the developed countries as well and are
manifested by the recent demonstrations of U.S. farmers
against falling farm prices emanating from technical change
in agriculture. All these illustrate that the neglect of
the distributional aspects of technological change may have
far-reaching conseguences and may eves lead to

self-degeneration of the entire programme.

1.3 Organization of the Study

The study is divided into seven chapters apart from
an appendix and a bibliography. Chapter II presents a
discussion of induced innovation in agriculture keeping an
eye on both the theoretical and the empirical developments
of the concept. It also draws our attention to the
importance of the role played by investments in research and
extension programmes in developing the agricultural sector.
The analysis of the chapter Iis complemented by that of
Chapter III which presents a deeper study of induced
innovation in agricul ture with reference to today's
developing countries. The conclusions of this chapter are
also tested empirically with the data of the agricul tural
sector of Bangladesh. Chapter IV clarifies some of the
basic concepts used in the text. It also seeks to justify

the need for public sector intervention in agricultural

G e



research and extension programmes. A gulding model for the
public‘sector for determining agricultural research resource
allocation and for analysing its consequences is developed
in Chapter V.. In Chapter VI estimates of the parameters of
the modé&l are presented. These estimates are pased on the
data from Bangladesh. Finally, the major findings of the
study in the context of Bangladesh and its general
limitations are discussed in Chapter VII,-which also carries

a brief summary of the entire study.



FOOTNOTES TO CHAPTER 1

1. There are several ways of citing a reference
material. The general method followed in this study is to
present its vyear of publication within parenthesis at the
first instance any study is cited. For subsequent citations
of the study in the same chapter the year has not been
mentioned. If the study is cited in any other chapter
afterward, it has been identified by the term "op. cit.”
within parenthesis during its first introduction in the
chapter. However, while citing a source material 1in a
footnote or in a Table, the year of its publication has been
included for convenience.

2. The doctrine of agricultural fundamental ism
states that the agricultural sector 1is the fundamental
sector in any economy and that if it is developed the rest
of the economy will develop automatically. For a detailed
discussion of the idea see Black (1953).

3. For specific instances of the yield gap between
the developed and the developing countries, the reader is
referred to wvariou issues of the Production Yearbook
published by the Food)and Agricultural Organization, Rome
{henceforward referred to as F.A.O0.).

4. The argument is developed on the basis of similar
experiences in Bangladesh and Brazil which, we believe, are
representative of other developing countries.

5. See HelYeiner {1977), p.295.

6. See Pinstrup-Anderson {1974}, p.l.

7. Some of these studies are briefly discussed in
Chapter II.
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CHAPTER 11
SURVEY OF THE LITERATURE ON INDUCED INNOVATION

WITH SPECIAL REFERENCE TO THE AGRICULTURAL SECTOR

I7.1 Introduction

The primary purpose of this chapter is to present an
analysis. of the theoretical and empirical work on induced
-innovation keeping the agricultural sector in the focus of
attention.l The subject matter of induced innovation has a
long history, but very recently it has drawn a great deal of
attention, and is developing quickly. On the empirical
side, the nature of induced innovation in the agricul tural
sector experienced by the countries where formal tests for
it were a;plied shows considerable variation from codhtry to
country. The chapter concludes with an attempt to explain
these observed differences. It is suggested that vagiations
in the 1levels of expenditures on indigeneous research and
extension activities in agriculture may bq a possible
contributory factor to variations in the achieved levels of
induced 1innovation. The next chapter develops a more
elaborate analysis of the forces behind induced innovation
which, it 1is hoped, can be used to provide a more precise

interpretation of the phenomenon.

The chapter is divided into five sections. Section

II.2 presents a brief survey of the theories of induced

9
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innovation while the empirical application of these theories
is discussed in Section’II.B. An attempt is made in Section
"II.4 to explain the observed variations in the levels of
induéed ,techqical change in . agriculture achieved in

different countries. Finally, a summary of the Chiiigf is

~presented in Section II.5.

1I.2 Theories of Induced Innovation

The theories of induced innovation owe their origin
to the analysis of factor shares and biases in factor saving
emanating from technical change.2 We can regard the biases
or the rate of technical change as a phenomenon determined
from outside the systém. However, to consider technical
change as completely exogenous restricts the analysis. One
can introduce more flexibility into the horizons of
technologiéal possibilities by recognizing the fact that
eﬁdogenous factors are capable. of influencing, either
partially or fully, the factor éaving biases and the rate of
technical change in any given period. Given a certain

amount of research expenditure, it may be possible to

develop a large variety of processes each with a'different

impact on the cost of production and factor intensities.
This kind of approach, in essence, leads us to the
development of an investment-theoretic approach to technical

change 'usually discussed under the banner of induced
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innovation.

‘The idea of induced innovation was first developed
by Hicks (1932). In his view, changes in factor prices will
induce biases’ that lead to a séving of the more expensive

factor in a progressive way. He, however, refrained from

'specifying the mechanism by which the entire process would

work. His main purpose was to employ the concept to explain
the observed constancy of the relative shares of factor

incomes in a neo-classical framework.

salter (1960) criticized phe‘ Hicksian view of
induced innovation by maintainihg that the Hicksian model is
devoid of any mechanism ﬁhrough which the postulated
investmént may take place. He makes a distinction between
basic ' scientific knowledée and its Epplied or*engineering
counterpart. In . his'yiew, induced innovation imp%ies the
development of the former, not the latter. He.theﬁiargdes
that. firms will not be motivated to develop new kﬁowledge

thereby enabling induced innovation” fo take place for

'
L]

“If ... the theory implies that dearer
labour stimulates the search  for new
_knowledge aimed specifically at saving*
labour, then it 1is open to- serious
. objections. The entrepreneur is -
interested in reducing costs in total,
not particular costs such as labour
costs or capital <costs. When labour's
costs rise, any advance that reduces
total costs is welcome, and whether this
is achieved by saving labour or capital

is - irrelevant. There is no reason to
' o]

FRPCRPRE



assume that attention should be
concentrated " on labour-saving
techniques, unless, because of some
inherent characteristic of technology,
labour-saving Kknowledge 1is easier to

acquire than capital~-saving
knowledge".3,4

Salter recognizes the possibility that the

directions of applied knowledge —may be kteered by the

movements in relative factor prices. But changes in applied
knowledge do not qualify to- be termeé as induced innoﬁation
in éccordance with his definition. It follows, therefoge,
that the criticisms of Salter are based on the semqhtics of

defining induced innovation.5

Fellner {1961,1962) Qrovided further support for the
main thread of Saléer's argumént. He, hqwever; pointed out
that if-we substitute the expectation of a change in factor
prices for the actual changes in the relative factor prices
in the past as the basis of decision, we get back tc a

theory of induced innovation similar to that of Hicks.

Ahmad (1966,1967a,1967b) rescued the Hicksian theory
of induced innovation from Salter's criticisms and provided
the vifally important mi:ro-foundati&n to the concept. He
pointed out that the criticisms of Salter were tautological,
.as he had simply defined induced innovation out of

existence. Ahmad further arqued that the perspective of

Fellner was unduly pessimistic and showed that by

——
o
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generalizing Fellper's own technique it was possible to

provide an analytical basis for the Hicksian theory.

P‘

Ahmad's 'analysis is based on the concept of a
historic innovation possibility curve {henceforward réferred
to as IPC) and is described below. Suppose at a given time
the entrepreneur faces a set of potential production
processes to be developed which may be regarded as the state
of basic sciences. It is assumed that each process in the
sét is characterized by an isoquant with a relatively Sméll
elasticity of substitution and that each of the processes in
the set requires a given amount of resources to be developed
to the. péint where it can actually be wused. The IPC is
defined as the envelope of all unit isoquants of the subset
of those » potential processes which the entrepreneur might
develop with an exogenously given amount of development

expenditures. The potential rate of technological change

is, therefore, given exogenously. His idea can be expressed

with the help of the following figure:



Lebour

o ‘ Capital
Figure 2.1 Ahmad's Induced Innozifion Theory

For period t the process I(t) had been developed, the
corresponding IPC being IPC(t). Given the relative factor

prices shown by the .line P(g), this process is the cost

minimizing one. Once I(t) i5 develop d, the rest of its IPC
loses significance because for the next period the IPC has
shifted * inward to IPC(t+l). If relative factor prices do
not change, entrepreneurs will now develop‘ the process
I(t+l). If the IPC shift inward neutrally, technical change
will be neutral at constant factor prices. It is also
possible that the IPC may shift inward non-neutrally giving
rise to biases even if relative factor prices do not change.
Now 1f the factor ;rice ratio changes to P'(t+l}, it is no

longer optimal to dfvelop I(t+l) and the process I'(t+l)

becomes optimal. The way Figure 2.1 is drawn, P'(t+l)



15

corresponds to an increase in the relative price of labour.
Then, given a neuiral shift of the IPC, I'(t+l) will be

relatively labour saving compared to I(t).

Assuming that research cost is zero and that the
entrepr%peurs have full information about factor prices and
possible alternative processes, the occurence of induced
innovation is ensured by the way in which the IPC is
defined. Toward the end of his original article,‘ﬁhmad has
shown- that for a country faced with three alternatives,
namely, not to innovate, innovate through borrowing-
technology and innovate through indigeneous research, the
potential 1loss will be greatest for the first situation

followed by the second.

Ahmad's model was developed within the context of a
market-oriented. production or research structure and at a
high 1level of aggregatioﬁ, since the IPC includes the total
stock of scientific knowledge within the economy. In this
context it should be noted that his model does not consider
the possibility of spending resources to influence the shift
of the IPC. Another major limitation of his theory is that
it does not take the cost of deveioping the technologies
into account. If the net gain from developing a technique
is negative (i.e., benefits are less than the costs), no

entrepreneur will wish to develoqa‘he new technique.b6
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De Janvry (1973) has extended Ahmad's model with a
view to analyse, the technologica} stagnation in the
agricultural sector of Argentina. He explicitly introduced
product prices in addition to input prices and developed the
upﬁer and lower bounds for a socially optimum equilibrium.
Under perfect competition the magnitudes of these boundaries
will depend on the ratios between product and factor priées.
The equiiibrium point emerging in tﬁis process is defined
by De Janvry as the latent demand for innovationé. He
showed that government interventions such as tariffs, and
the riskiness of the enterprises can shift thg‘latent demand
for innovations from the socially optimum path and create a

state of technological stagnation.

Like Ahmad, De Janvry assumed that téchnological
innovations can be generated without any cost. But he
méntioned that it is possible to relax this assumption. If
the costs of research are internalized into the prices of

the output, optimal latent demand for technological

innovations will shift towards the traditional technologies.

Hayami and Ruttan (1970,1971,1873) also extended the
model of induced innovation from a different.perspective.
Their model 1is developed at a lower level of aggregation
than that employed by Ahmad. In addition, they postulated

that the generation and adoption of technology in

e



17

agricultu;e materialize through dialectic interaction
between the entrepreneurs and the public sector sponscred
research organizations. In this respect the 'HaYaﬁi and
Ruttan approach can be regarded as an extension of Ahmad's
model, since the 1latter defined‘induced innovation in a
purely Yharket-oriented production economy while Hayami and

Ruttan introduced public sector into the model.

Hayami and Ruttan based their model on the concept
of a meta production function which can be traced back to
the concept of the IPC developed by Ahmad.7 They have

defined this function:

"as the envelop of commonly conceived
neo-classical production functions.... In the
secular per iod of production in which the
constraints given by the available fund of
technical knowledge are further relaxed to admit
all potentially discoverable possibilities,
production relationships can be described by a
meta production function which describes all
conceivable technical alternatives that might be
discovered"8 ‘ :

The essential elements of their hypothesis is explained with

the help of Figure 2.2 below.
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Figure 2.2 Response Along a Meta Production Function

The 1illustration has been constructed from an assumed
advancement in bio-chemical technology. The curves u(0) and
u{l) are fertilizer response curves for traditional and the
high  yielding wvarieties of any particular crop. A
fertilizer response curve shows the different levels of
vields obtainable from different doses of fertilizer with
the technology reﬁaining constant. U, the envelope of all
these curves possesses the characteristics of the meta
production function defined above. The optimum variety
(i.e., optimum technology) for the crop depends on the

prevailing fertilizer-crop price ratio, assuming zero costs
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for research and extension aCtivIties. They are represented
by ‘the curves u(0) and u{l) respeptively for the pfice
ratios given by p(0) and p(l), and ére determined by the
highest tangency point between the price line and one of the
fertilizer response curves. | The most important thing.to
note 1is that even if the relative'price of fertilizer falls
from p(0) to p(l), a movement from wu(0) to u(l) does not
take place _ipétantaneously or automatically. Such a
transition 1is heavily dependent on the availabilfty of
appropriate indigeneous research outcomes and on the
provision of various complementary facilities. In the
absence of all the ancillary services that come through:
research and extension activities, the fertilizer response

curve u{l) will not be physically available to the economy.

. In that case the economy remains constrained to the

technology represented by the curve u(0). The optimum po;nt
in this situation 1is given by the point B, where the new
price line is tangent to u(0). Cleafly, the yield advantage
from a move from A to B (Y (B)-Y(A)) is quite low compgred to
similar advantages that could be gained by moving from A to

C (Y (O)Y-Y (A)).

Hayami and Ruttan have claimed that most of the
services needed for this transition will be provided by the
public sector. They, however, did not formally incorporate

the role played by the public sector into the model. In
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their work, the public sector remains in the background
while their explicit model in which only the equilibrium
values of the input and the output markets are reflected,

appears to be a shorter form of their implicit general

model.

The theories of induced innovation discussed so far
have one shqrtcoﬁing‘in common. None of these explicitly
takes the expenditures {n research and extension activities
into consideration. The credit for formally incorporgling
this wvitally important variable in a model of ‘induced
innovation shouldrgo to Binswanger (see below) and Evenson
and Kislev (1971,1975).9 Evenson and 'Kislev developed a
probability density function for potential yield increases
which is assumed to .depend on the physical environment,
state of basic science and plant breeding techniques.
Research 1is viewed as a job of drawing repeated triqls from
this distribution. The 1link with induced innovation is
established by identifying the research objective asyshifts
in the factor demand curves (per unit ‘of output)
corresponding to a given production process.l0 It 1is
assumed that every research act, if successful, reduces the
factor demand by a different magnitude. This enables-one to
rank the research activities.on the basis of their factor
saving biases. An investment model is then built in which

the entrepreneur choses a portfolio of research activities.
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Binswanger (i974a,1978:Chapters 4 and 5) has also
reformul ated the micro-economic gpproach to induced
innovation by directly introducing both research costs and
expected pay-off functions. The main focus of his work is
on the proceés by which innovation 1is generated. He
maintains that the direction of research and hence that of
innovation |is regulated by three factors, namely, the input
prices, the output prices and the structure of the market.

s ’

Like Evé;SOn and Kislev, Binswanger also treats
research as a sampling process. The expected pay-off from
research depends on the first two_moments of the sample and
on the size of the sample. He observed that the optimal
sample size will be higher for industry 'i', if its share in
total output 1is higher. With =zero sampliné costs research
activities will be carried to the peint where the marginal
bénefit from research 1is =zero. A set of such points is
defined to be the wscientific frontier™. It is interesting
to note that the concept of the scientific frontier is very
similar to that of the meta production function developed by
Hayami and Ruttan. Binswanger mentioned that with positive
sampling costs, optimum research will be carried to the
point where the marginal benefit from research equals its

*

marginal cost.

In dealing with the directions of research and

innovations, Binswanger concluded that from the point of
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view of a society that wants to maximize income, it.makes~

sense to allocate research resources on the basis of
anticipated developments in the goods and féct§r markets.
All of his conclusions remain valid in the context of an
individual firm seeking to maximize its own ineome rather
than the income of the society as a whole. Regarding the
influence of the market structufe, his findings are
basically the same as those of Hayami and Ruttan. That is,
unless the public sector intervenes, the levelg of
agricultural research undertaken in any economy will be
inadequate and misdirected. Binswanger has claimed that his
model is a more general investment model of which the
approaches of Ahmad, Hayami and Ruttan and De Janvry are

special cases.

The formal model  of Binswanger is highly
mafhematical and abstracts from engaging into a deeper
analysis of the question of actual resource aliocation among
various alternatives. The main reason for this is that once
various forces are taken into consideration the model gets
quite complicated. The problem becomes more formidable to
dgal with empirically, because, apart: from the question of
specification, it also calls for information on-a large
number of wvariables, some of which are difficult to
quanﬁify. Binswanger mentioned that generally the larger

the sector, the more research funds will it command. He,

i
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however, observed that : "If technical change is cheaper in
a small sector and expensive in a large one, one may want to
invest heavily in technical change in the small

L

sector"ll, @ _ <

gpg question ¢f allocating resources for research
had also been the concern of Abel and Welsch (1977). Their
aéflysis is based on graphic exposition only and aims at
investigating how the retative factor endowments of.a region
or a country are likely to affect the allocation of research
resources to products with different labour and capital
intensities. They found . that, in the absence of any
commodity bias in the research possibilities, the
capital-intensive region sho&ld allocate more research
resources to the capital-intensive product than to the
labour-intensive one, and the reverse should be true for the

labour-intensive region.

From the brief survey presented above it appears
that although the concept of rinduced innovation was
introduced 1long ago, it has developed rapidly in recent
years. Economists have worked on different aspects of the
problem. Nevertheless, the subject %as not been developed
to.its fullest extent. In particular, there is a great need
for introducing the costs of research into the framework of
analysis, especially from an empirical point of view.

Despite the above 1limitations, considerable amount of
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empirical - work has been done with the existing structure of

the concept. This work is reviewed in the next section.

II.3 Empirical Studies of Induced Innovation

II.3.1 1Introduction
&

The theories of induced inﬁovation discussed in the
preceding section have been used by many economists for
empirical analysis of both the manufacturing and
agricultural sectors of developing'econohies. While mosﬁ of
these studies were concerned with innovations on the input

side, some have tried to explain innovations embedded in the

‘form of final goods. In this section we shall focus on both

of these approaches. The section is divided into three
parts. Empirical sfudies of induced innovation on the input
side are discussed in Subsection II.3.2 while Supéection
I1.3,3 is concerned with induced innovation resulting from

changes in the conditions of final demand.
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11I.3.2 Induced innovation in the factor market

_The fofmal data—-based study of input—orienfed
induced innovation started with a visible bias towards the
manufactur ing sector and can be found in the works of-Nelson
(1959) %Pd others.1l2 Until 1970, there. were ﬁo studies
testing the induced innovation hypothesis for the
agricultural sector of an economy. The reason for the
absence’ of any empirical wo?k in this area is diféicult to
explain. It is possible that a suitable theoretical
framework capable of dealing with the special problems of
the agricultural éector was not available before Ahmad's
reformulation of the theory of induced . innovation. The
special problems of agriculture which reduce the incentives
of the private sponsors of agricultural research and call
for public sector support are discussed in Chapter IV. The
meta production function of Hayami and Ruttan, based on
Ahmad's innovation possibility curves, provided a method of
incorporating public sector sponsored research activities,
which play a key role in induced innovation in agriculture.
For the convenience of exposition, we have presented the

‘subsequent analyses of this subsection under three separate
headings. The first one incorporates the tests of induced
innovation carried in a Hayami-Ruttan frame&ork, including
their own pioneering work. Several aiternative tests of

induced innovation developed by Binswanger are reviewed
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next. The final part focuses on a few related empirical
¢
studies on induced innovation from a different

-

perspective.l3

A. Tests based on Hayami-Ruttan framework

We begin this survey by presenting a detailed
analysis of the original empirical work of Hayami and
Ruttan. The importance gf their work in the context of
induced innovation in agriculturé is great as it initiated
manyl subsequgnt studies, including the present one. The
theoretical basis of their work has been discussed elsewhere
in this chapter. Empiridally, they compared agricultural
time séries data on labour, land and machinery productivity
in Japan and the U.S.A. and from aqgitional'evidence of
fertilizer wuse, they concluded that both countries had
experienced biased efficiency growth in agriculture. The
differences in the developmént of these series between the
two countries are-quite high. This fact tends to suggest
that they must originate from biases in different directions
rather than from the simple substitution of factors along
the production function of a neutrally changing individual

production process.

An important assumption of the Hayami-Ruttan
proposition is that at each moment of time the elasticities

of substitution among factors of production in agricultural

L. -
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activities are small enough to justify a
near~fixed-proportions production function. This contention
is supported ‘by the experimental studies on fert}lizer
response which show that the optimal fertilizer use in each
crop does not change significantly with changes in prices.
Similarzﬁxamples for mechanical processes such as harvesting

of grain are aiSO presented by the authors.

Once it is acceptéd that there .éxists a
near-fixed-proportions type production process, the testnof
the induced innovation hypothesis from time series data
takes the following form. First, one has to estimate the'ex
post elasticity of substitution between various factors of
"production from observed data. A large value of this
parameter will, then, indicate the occurence of biased
technical change since iﬁ is believed to have a low value
along a given production function. The advantage of this
method 1is two-fold: €£first, it 1is possible to prove the
endogeniety of biases, and second, it acknowledges the
importance. of the role played by factor prices in shéping

the nature of innovations.

For both Japan and the U.S.A., Hayami and Ruttan
used land-labour, power-labour and fertilizer-land ratios as
the Ldependent variable of regression. The regressions with
the first two wvariables represented the state of the

mechanical technology while the remaining one stood for the
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bio-chemical technology. Each of these dependent variables
were, then, regressed separately on various factor price
ratios using the technique of multiple regression analysis.
In the absence of adequate theoretical knowledge, a priori,

they specified the regressions in log-linear form.14

e
For the sake of brevity, we have refrained from

presenting a detailed aﬁalysis of their actual empirical
results.15 Stated briefly, their results indicaﬁé that in
the U.S.A. variations in relative factor prices were capable
of explaining more than eighty per cent of the variations in
the 1land-labour, power-labour and fertilizer-land ratios.
Almost all the coefficients had the proper signs and were
statistically significant. From these results onpe may
conclude that the changes in factor proportions 1in the
U.S.A. during the period 1880 to 1960 (their period-of
coverage in the study) were influenced by changes in

relative factor prices. *

In the case of Japan, the results of the test showed
a somewhat mixed response. The statistical quality of the
equations 1in .terms of explanatory power and the expected
signs of the coefficients were réiatively poor for the
land-labour and the power-labour equations. Powever, the
performances of the equations involving the fertilizer-land
ratio was highly satisfactory by the same criteria. This

carries an interesting implication for a country which
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places 1less emphasis on indigenous research éctivities.
Japan 1is a land-scarce and labour surplus country relative
fo the U.S.A.16 During her early phases of agricultural
innovation, she realized this feature and applied more
stress on research leading to land saving technologies. Her
interest 1in labour saving technologies were manifested at a
'muéh later stage.l7 As a result, the emphasis placed by
Japan on research- léading to mechanical innovations was

considerably less,' Eompared to research aimed at
bio-chemical and agronomic innovations. This 1leads us to
make an important observation that in the absence of
successful and adequate research activities undertaken
indigeneously, the responses to be expected from any test of

induced innovation in agriculture should not be very good.

The framework of analysis intfoduced by Hayami and
Ruttan has been used by several other authors in different
contexts. Wadé (1973)  has appliéd the Hayami-Ruttan type
test to the agricultural sectors of Denmark, FFance and the
U.K., while Weber (1973) did-the same thing for Cermany. In
another related work, Ruttan, Binswanger and Hayami (1977)
.have extended the period of coverage of the Hayami-Ruttan
type test to the agricultural sectors of Japan and the
U.S.A. from 1880-1960 to 1880-1970. The authors compared

the new results with those of the original work and also

with the works of Wade and Weber.
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Briefly speaking, the responses observed from the
equations for bio-chemical technologies were very
encouraging és all the variables had proper signs and the
explanatory power of the regression equations was greater
than fifty per cent with the sole_ex&eption of the equation
for Frgﬁce, In lparticular, the coefficients of the
fertilizer-land price ratios were highly significant in
explaining changes in the amountsvof fertilizer used per

unit of land and all had proper signs.18

On the other hand, the equations £for mechanical
technology did not behave as nicely as those for
bio-chemical technology. IA general, the performances were
better for the equations pertaining tq the U.S.A., the U.K.,
and Germany where they revealed an explanatory power in
egcess of fifty per cent withlproper and significant signs
for the parameters.l9 However, the éame thing did not
happen for the corresponding equations for Denmark, France,
and Japan. The authors attributed this to a poor inducement
mechanism for mechanization in an environment characterized

by low wage rates.

The application of the Hayémi-Ruttan type test
discussed so far focused on countries with currently
developed agricultural sectors. Ahmad and Kubursi (1979)
~have applied a similar test to the agricultural sectors of

two developing countries, Egypt and Syria. These two

-

e
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countries reflect. considerable differences in factor.
endowments which makes this study comparable to that of the
original work of Hayami and Ruttan. Their main interest was

. to'deteigine:

¥ "(i) Whether or not Syria's and Egypt's
agricultural factor proportions have
responded to their relative prices.
(ii} Whether or not the pattern of
response, 1f it exists, 1is similar to
Japan's or to the U.S.'s.
{iii) Whether or not their
responsiveness has led to increases in
agricultural productivity...."20
The most interesting aspect of their study is the
introduction of the concept of "Induced Adjustment" in place
of induced innovation. The former, according to the
authors, takes account of both ordinary factor substitution
due to changes in relative prices as well as the effects on
factor propertions due to innovation. However, 1if the
production situation 1is characterized by near or almost
fixed proportions, as contended by Hayami and Ruttan, the
amount of factor substitution due to changes in relative

prices will be negligible and the differences between these

two measures will not be very large.21,22

In their empirical analysis, the authors were faced
with the problem of non-availability of land price series,,

This prevented them from obtaining results which require
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land-labour price ratios for their calculation. They also
‘argued that 1in developing countries where ‘agriculgural
population is increasing at a rapid rate with little scope
for their absorption outside agriculture and where the
supply " of agricultural land is relatively fixed, the
land-labour ratio may be treated as an exogenous variable.
Ahmad and Kubursi used the land-labour ratio as both
exogenous and endogenous in alternative equations, but the
results were not conclusive. The treatment of the
land-labour ratio as exogenous improved the explanatory
power of the equations for Egypt but reduced the explanatory
power of the equations for Syria, with little effect on the
signs of the independent variables. The overall response
for both the countries was not very good while the rglative
performance was better éor Egypt, a result which the authors

argued might be a reflection of better water supply in that

country.

B. Tests of induced innovation a la Binswanger

Binswanger (1973) has criticised the Hayami-Ruttan
type test on the ground that this does not represent an
adequate test of the induced innovation hypothesis. Hisg
main argument is that this test does not distinguish between
factor substitution due to changes in relative prices and
variations in factor proportions caused by shifts in the

production function. To remedy the shortcomings Binswanger
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suggested two altefnative tests of induced innovation. The
first. one, known as the two-factor test, proceeds in two
steps. The first step involves the calculation of the
"necessary elasticity of substitution" defined as a value
that can explain the observed factor-ratio differences by
differendes in factor price ratios. These "necessary
elasticities of substitution™ are then compared with
econometrically estimated elasticities of substitution. If
- they differ by a sufficiently large margin, the hypothesis
»

of neutral technical change can be rejected. The rationale

for the two-factor test and the methodology used for

estimating pairwise elasticities of substitution are

discussed in the third chapter of Binswanger and Ruttan

(1978).

The test was applied to the same six developed
economies for which the Hayami-Ruttan type tests had been
conducted by various authors and the results are reported in
Ruttan, Binswanger and Hayami and also in the third chapter
of Binswanger and Ruttan. It was found that the overall
results were consistent with the induced innovation
hypothesis. The authors also focused on the possibility
that two types of biases might distort the pattern of
innovation. These are defined as the fundamental bias and
the transfer bias. The former refers to the bias emanating

from the nature of the existing stock of knowledge while the
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latter iﬁcorporates the bias inherent in importing:
téchnology from a country with different relative factor

endowments.

One major limitation of  the two-factor test
describeg& above is that in this test a manyj%actor
production process is treated as if it were a two-factor
process. As a result the influences of many Important
factors of production had to be inadvertently neglecfed. To
overcome this Binswanger (1974a,1974b,1978:Chapter 7) also ):\
developed a many-factor test of induced innovation which is F
based” on directly measured biases in the direction of
technical change in the use of 1individual factors rather
than on ratios of factors. The essential elements of the
test involved partitioning the observed changes in factor
shares into a component due to ordinary factor substitution
and a component due to bias in the direction of the
technical change. To achieve this, elasticity rof
substitution parameters were to be estimated from an
independent sample. Next, 'these parameters were used‘to
_adjdst the .time series data on factor shares changes to
obtain the part that was caused by. the technical change
alone. At the end, the job becomes one of comparing the
turning points in the price corrected factor shares series
with those In the series of factor prices. The exiétence of

induced innovation will be established if the former follows
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the latter .after a lag of severallyears. Empirically, the
test was applied to the agricultural sector of the U.S5.A.23
Binswanger found that the results of the many factor test
were fuliy consistent with the induced innovation
hypothesis. The major problem with this test is that it
depends:’on highly sophisticated time series data which

prevented him from applying the test to Japan.

C. A different view on induced innovation

A recent work by Grabowski (op. cit.) supports the
views of Hayami and Ruttan and De Janvry regarding the
dialectic interaction between farmers and research
organizations. Grabowski advances the hypothesis that in
the developing countries, in particular, rich land-owners
are in a position to exert more pressure on the research
centers. This is 1likely to bias the output of research
activities towards the development of labour saving inputs
which tends to favour the large land-owning class. The
author presents evidence from India and ﬁalayasia in support
of this claim.24 According to Grabowski, the introduction
of labour Saving innovations may prove to‘be self defeating,
as these innovations will hardly éenerate any additional
employment in the agricultural sector. The effective demand
for agricultural products will be depressed due to this
which will eventually 1lower the prices of agricultural

products. Grabowski mentioneq that the ideal solution in



36

such a situation is to implement extensi§é*land reforms
which would reduce the power large land-owners have had in
affecting the directions of . research in the developing

nationé.

gﬁe income distribution aspect of induced teehnical
change in agriculture has drawn the attention of other
authors as well. Staub and Blase (1973) have discussed
similar problems and observed that if the governmeﬁﬁs of the
developing countries provide adequate credit to small
farmers, they will respond by adopting new technologies to
the same externit as the large farmers, thus eliminating the
effects of big farmer bias in research activities. Uphoff
and Ilchman (1972) have suggested another positive way to
eliminate this bias in research. They suggested that the
government should provide the leadership in organising small
farmers and rural labourers Sso thaE‘ they are able to
influence the direction of research. A technology
consistent with an employment or equity oriented strategy of
development, which appears to be the only consistent means
of promoting self-reinforcing growth, cglld then be

developed through research.

The last two studies cited above draw our attention
to the institutional, rather than technological, aspects of
induced innovation, Working along this direction Feeny

(1976) has shown that it 1is possible to extend the
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Hayami-RuEtan framework of aﬁaysis by inqprporating a supply
and demand model of technical and institutional change. . His
model explicitly considers the net benefits to deéision
makers as arguments in the supplies of technical and
institutional change. - Feeny applied the model to the
agricﬁl@ﬁral sector of Thailand to explain the changes in
Thai institﬁtions in response to changing factor prices. 1In
a récent article Feeny (1979) carried his argument further
and suggested a solution to the problem created by
agricultural dualism as pointed out by Grabowski. If such
dualism exists, the appropriate institutional innovation
according to Feeny is to increase political power for the
rural poor. The céncept of institutional innovation can be
traced back to Ruttan (1971). In® this article Ruttan
acknowledged some of the inadequacies of the Hayami-Ruttan
approach to induced innovation and went on to observe that
environmental §Ervices are traditionally undervalued. He
believes that such undervaluation will bias the direction of
induced technical change towards excess residual production.
. Ruttan suggested the extension of the theory of rinduced
innovation to include the process of institutional
innovations capable of establishing property rights with
respect to environmental subsystems. Clearly, the theory of
induced institutional innovation complements the traditional
approach to the theory of induced innovation which focuses

on the technological aspects only. In a subsequent study,
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Ruttan (1978). analysed the .developmeqt of the theory of
induced institutional change and concluded that this theory,
like the conventional theory of induced innovation, is still

incomplete.

II1,3.3 JInduced innovation in the'product market

The major thrust of the theoretical and empirical

work on induced innovation was to explain the influences of
resource endowments and factor prices on the direction of
technical change. However, there have been several studies
_o% . induced innovation focusing on the conditions of final
demand. Griliches (1957) made a study‘of hybrid corn in the
U.S.A. and demonstrated the importance of demand in
‘deterTining the 1location and diffusion of new hybrid corn
varieties. Schmookler (1966,1972) also studied the link
between demand conditions and technical change in several
industries of the U.S.A. which included agricultural
equipment industries. He observed that the expected rate of

return to inventive activity was of far greater importance

than advances in the state of knowledge in explaining the

. technical change.

At the macrd-economic level, Lucas {1967) analysed
the rate of technological advance in the manufacturing
sector of the U.S.A. Using gquarterly:data for 1947-60, he

was able to confirm the responsiveness of technical change

el
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to the conditions of final. demand. ~ Another " study by

Ben-Zion and Ruttan {1978) also focused Qn,the_effects_of
;) ‘

demand forces on the nature of technical change. Working

'with the experiences of the U.S. economy during thq'peribd

1929~-69, they found that the. rate of‘input saving teéhﬁical'
change %as higher . in periods of growing demand than in
periods of stable‘or declining demand in the economy of the

U.S.A.25 ¢

Thus far in this section .we have found that formal

tests of induced innovation in agriculture have been applied

to eight countries of the world in Wﬁggferent contexts.

“These are Denmark, Egypt, France, Germany, Japan, Syria, the

U.K. and-the U.S.A. One interesting feature of these tests
is that except for the study of Griliches, all other studies
emphasize | the input. side of innovation. These tests
indicate marked differences in the nature oﬁ induced
innovation experienced by these countries. While the levels
of induced technical change achieved by some countries were
quite high, they were not high for the others. In the next
section, we intend to provide an explanation for these
diversities by focusing on one major.constituent of induced
innovation: the 1levels of expenditures on indigeneous

research and . extension activities. Although our study does

not intend to underemphasize the role of induced innovation

on the product market, the analysis of the next section
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could not be extended to incorporate such innovations. The
‘teason is obvious and explained above: the virtual absence
of any empirical work on this areé for the ag;igultural
sector. Nevertheless, in the subsequent chapters of the
“thesis the question of'induced,ihnqvation based on final
Aemand 3%ndi£ions will be given its due attention as far as
possible. In particular, in the development of the ex ante
model for resource allocation for agricultural research and
extension activities, we- shall focus on both input and

output prices as integral parts of the process.

II.4 Induced Innovation and the Levels of Expenditures on

Agricultural Research and Extension Activities

In the preceding section we have observed that the
achieved 1levels of induced innovation in agriculture were
disproportionately spread among different “countries. _The
purpose of this section is to suggest that this variation
may be attributable to the extent in which indigeneous
research and extension activities in agriculture were
carried out in these coungries. Due to the lack of adequate
data, our conclusion in this section lacks precision and can

only be interpreted as an indicator of general directions.

Table 2.1 below ranks the eight countries mentioned
before in terms of their respective levels of performances

in the tests. The countries were first divided into two
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groups: gbod and poor. The former included'the countries

for which the coefficient of determination oﬁ the respective“

equation was greater tham fifty and all Ehe explaﬁatory
variables had statistically significant coefficients with
proper signs. Countries which failed to satisfy the above
criterid® were categorized under the latter. 1In addition, a
ranking was established émong the "good" countries on the

basis of the value of the coefficient of determination;

TABLE 2.1
RELATIVE PERFORMANCES OF THE COUNTRIES IN THE TESTS

FOR BIO-CHEMICAL AND MECHANICAL INNOVATIONS

Bio-chemical Mechanical
Japan (G) Germany {G)
U.5.a. (G) U.S.a. (G)
Germany (G) U.K.. (G)
U.K. (G) ~ Japan (P)
Denmark (G) Denmark (P)
France (P) France (P) -
~Egypt (P) Egypt (P)
Syria (P) Syria (P)

Source: Hayami and Ruttan (1971); Wade (1973); Weber (1973);

Ahmad and Kubursi (1979); and our estimate.
G: Good; - P: Poor
In order to interprete these diversities in
attaining induced technical change by various countries in

the 1light of expenditures on indigeneous research and

EE———— T
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extension ‘activities, it 1is necessary to have detailed
Information .6n these Variableg for each of'the countries
under study. This proved to be a formidable task and the
only statistical information that couid be ogkained readily
were those reported in Evenson and Kislev (1975), which only
covers “the year 1965, In  the absence of any other
information we used the figures for 1965 with the assumption
that the ranking of the 1levels of  expenditures on
.agricultural reseérch and extension relative to agriculturai
GDP and arable land in 1965 are repfe;;}tative of these
rankings in other years as well. Table 2.2 shows the levels
of expen@itgres made by each country on indigeneous
agricultural research and extension in the year 1965, in
absolute terms, as a fraction of gross domestié product in
agriculture in 1965, and as a ratio to the amount of arable

land available in the year 1965.
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TABLE 2.2
EXPENDITURES ON RESEARCH AND EXTENSION IN-
AGRICULTURE, 1965 -

{in U.S. Dollars)

Country | Total Expenditure_ TE/GDP in TE/Arable
| (TE) Agricu}ture Land

(in thousands) (in perocentage) ($/hectars)
Japan $ 98,810 1.55 16. 46
Germany $ 79,031 1.31 9.57
U.S.A. ‘ $528,000 1,22 3.57
U.K. , $ 41,960 1,18 5. 60
Denmark $ 12,384 1.01 4.57
France $ §3,200 1.04 3.08
U.A.R. s 9,200 0. 60 3. 44

Source: Evenson and Kislev (1975), pp. 166—69;

F.A.O0. Production Yearbook, various issues;

and our estimate.
The data for Egypt and Syria were not reported sebarately by
Evenson and Kislev or by the F.A.0. Production Yearbooks as
they were united under the U.A.R. in 1965, which included

Libya as well., Due to the absence of any other data source,

we used the data for the U.A.R. taken as a whdle.

A careful comparison of Tables 2.1 and 2.2 reveal
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some interesting results.é From Table 2.1 we find that the
U.K., the U.S.A. and Gérmany produced consistently good
results in the tests for both types 6f induced technical
chanqes, namely, bio;chemiéal and mechanical. The data on
Table 2.2, on the oﬁher hand, indicate that the
expenditures on agricultural research and extension in
relation to the gross domesfic product in agriculture and in
relation to the arable lana available in the corresponding
year were higher in these countries compared to those in
most of the remaining ones. An important exception to this
generalization 1is Japan who made a significant investment
in agricultpral résearch and extension but showed poor
results in the test for indﬁced innovation in mechanical
technologies. A possible expianation for this is already
given in Section II.3. The relative factor endowment of
Japan generated very little inducement for advancements in
the mechanical téchnology and, as such, most ‘of her
agricultural research and extension activities were directed
towards the bio-chemical- and agronomic technologies. The
fact .that such activities aimed at the bio-chemical
technology were highly Efoductive in Japan is indicated from
her relative position in terms of the test for induced
‘bio-chemical technical change reported in Table 2.1l.
Similarly, the overall performances of the remaining
countries, Denmark, Egypt, France and Syria were not very

satisfactory according to our criterion. This 1is also
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consistent with the fact that relative levels of
expenditures .on agricultural research and extension.were

also generally low fof these countries, as seen from Table

2. 2.

_The implication of//thé above findings is that
successful achievement of induced technical change has some
degree of association with the relative levels of
expenditures l on agricultural reseafch and ‘éxtension.
Research and extension activities 'in agricultural are
receiving increased recognition as productive economic
forces and occupy a central position in the study of induced
innovation in égriculture. The following chapters of our

thesis aim at developing this same theme with speciai

reference to the agricultufal sector of Bangladesh.

II.5 * Summary of the Chapter

This chapter has presented a fairly detailed'survey
of the existing body of knowledge on induced innovation in
the context of the agricultural sector. The relationship
between induced technical <change 1in agriculture and the
concomitant growth of the sector {s not discussed in the
thesis. It is the premise of the entire study that induced
innovation in the agricultural sector is synonymous with the
growth of that sector. Focusing on international

differences 1in agricultural productivity, Hayami and Ruttan

[
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(1971) have provided conclusive evidence in its support.26
Our main interest lies on the factors inf}uencing the nature
of induced innovation in agriculture. We have observed that

the 1levels of induced technical change achieved by various

countries differ quite significantly. Based on the limited-

statistiéﬁi iqformation available, we were able to suggest
that sucgzdifferences might be explained by the variations
in the levels of indigeneous research ana extension
programmes pur sued by these countries. In general,
countries placing higher emphasis on agricultural research
and extension services aléo showed higher levels of success

in achieving induced innovation in agriculture.

.It was also found that the role of research and
extension activifies has been neglected " in the analysis of
induced technical <change in agriculture. Though some
attempés have been made recently to incorporate this role in
a theoretical framework, these models are .not easily

amenable to empirical application.

Traditionally, the literature on induced innovation
developed by analysing tﬁe consequences of changes in factor
prices on the biases in technical chanée. However, we have
observed that the conditions of final demand are also
capable of exerting influenée on the nature of the bias and
on the directions of technical change. In fact, the trends

in both the factor and the product markets are important in
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explaininé the induced bias in technical change and neither

of them should be neglected.

Finally, another important f£inding of the chapter is
the fact that technical change in agriculture might be

related the problem of inequitable distribution of

u,to
income. This raises the familiar issue of growth versus
equity considerations in development economics, an issue
which is beyond the scope ~of the preseﬂt study.
Nevertheless, it follows that distributional gquestions

cannot and should not be ignored in any discussion of

technological change and growth.

The findings reported above constitute important
elements of the present study. The ailocation model
developed and implemented in the later chapters views
agricultural research and extension activities as a major
factor in induced technical #;hange in the agricultural
sector. our study does make some contribution to the
discussion of tﬁe distributional aspects of technological
change in agriculture. With the aggregate data available to
us, we are able to analyse the distribution of benefits of
technical change in agriculture between consumers and
producers. Moreover, | published micro-level data are
utilized to throw some light on the possible patterns of

income distribution among factors offiproduction. Regarding

the influences of input and output markets on the nature of

A
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induced 1innovation, our study recognizes the importance of
both of them. The alldcétion model, mentioned earlier,
considers both input and output p;ices before suggesting the
optimum allocation pattern of reséurces for agricultural
research and extension activities. e

To sum up, in this chapter we were able to indicate
that expenditures on agricultural research and extension
services is a possible contributory factor to induced
innovation in agriculture. The analysis of the chapter wés
based on evidence taken from a cross-country sample. The
next chapter develops a formal and detailed analysis of
sources of induced technologiéal change in agriculture which
is applied empirically to the agricultural sector of a

single .country, Bangladesh.

/
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FOOTNOTES TO CHAPTER II

1. The terms induced innovation and induced
technical or technological change have been  used
interchangeably throughout the study. '

2. In this analysis we refrain from recognizing the
distinction between invention and innovation in the
Schumpetarian sense where the former stands for scientific
and engineering aspects of an improvement and the latter
represent® its practical application in productive activity
which involves socio-economic adjustments. Various authors
including Ruttan (1959) maintain that such distinction is
devoid of any real meaning.

3. See Salter (1960), pp. 443-44.

4, The “"inherent characteristics of technology"
referred to by Salter is similar to the concept of
" fundamental bias in innovation" developed by Binswanger as
described below.

5. In the present study, which follows the
Hicks-Ahmad version of induced innovation, this distinction
is ignored.

6. In an alternative wversion of the theory of
induced innovation, Kennedy (1964) and Samuelson (1965)
proposed to take account of the relative importance of
factors, and, in some sense, of the cost of obtaining bias.

7. The difference between these two concepts is as’
follows: The IPC of Ahmad 1is developed separately for each
period and implicitly assumes fixed research costs while the
meta production function of Hayami and Ruttan assumes the
max imum possible shift in technology and extends to more
than one period.

8. See Hayami and Ruttan (1971), p. 83.

9, Evenson and Kislev (1975) 1is a collection of
separate essays and the model for technological research
appears in Chapter 8.

10. The concept is developed from the fact that there
exists a duvality relation between production and cost
functions and that there 1is one to one correspondence
between factor demand curves and cost functions.
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11. See Binswanger (1978:Chapter 4), pp. 1Y12-13.

) 12. Some of the other works in this area are: David
and Van de Klundert (1965), Fellner (1971), Asher (1972},
Abramovitz and David (1973) and David (1975).

13. The following discussion makes extensive
referrence to various types of technological change in
agriculture. These types are discussed in detail in chapter
IV of the thesis. ‘ .

14% The regression equations’ employed by ' them are
.similar to those used by us in Chapter III. See equations
{(3.4) to (3.6) of the chapter. |

15. Since this pioneering work initiated many
subsequent studies 1including that of our own, it might be
interesting to study their methods and results in details.
For this see Hayami and Ruttan (1971), pp. 130-33.

16. Agricultural 1land area per male worker was .70
hectare in Japan and 25 hectare in the U.S5.A. in 1880. 1In
1960, the corresponding figures were 1.13 hectare and 109
hectare respecteively.

17. Evidence for this 1is provided by Hayami and
Yamada {1968), pp. 135-61 and Ogura (1963), pp. 365-77.

18. The Hayami-Ruttan type tests cited above are
also described in Yamada and Ruttan (1975).

19. The only exception to this was the equaﬁion with
land-labour ratioc as the dependent variable for the U.K.,
for onF specific time period.

20. See Ahmad and Kubursi (1979), p. 302.

21. Since the wvalue of elasticity of substitution
between factors 1is not always known, the term "Induced
Adjustment"” seems proper to use whenever any Hayami-Ruttan
type test is applied empirically. We shall try to adhere to
this approach 1in the ©present study. However, in purely.
theoretical discussions the terms induced innovation seems
appropriate and has been used by us.
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3
22. Incidentally, the distinction between induced
adjustment and induced ‘innovation can be linked with the
related developments of Binswanger involving -the necessary
elasticity of substitution.

23, A brief d1scusion of these two tests and their
empirical applications can also be found in Ruttan,
Binswanger and Hayami (1977).

» 24 A study by Ullah (1974) has developed theoretical
arguments explaining the reasons for bias of large
land-ownéts towads labour saving innovations. Ullah
observed that the bio-chemical technologies in agriculture
demands more labour compared. with the traditional
technologies. This prompts small farmers and share-croppers
to allocate more 1labour to their own 1land, reducing its
supply to the large land-owners. The latter group,
therefore, prefers labour saving 1nnovations to land saving
ones.

25. Although ‘the manufacturing sector was excluded
from our discussion of input-oriented induced innovation we
include it in this case because similar studies are absent
in the case of the agricultural sector.

26. Nevertheless, indirect support to this contention
can be found from our study in Chapter IV, . where a
comprehensive list of empirical studies has been cited to
demonstrate the beneficial effects of investing in research
and extension programmes in agriculture. The implicit
assumption of most of these studies is that Investments in
such programmes lead to induced innovation in agriculture,
though very few have explicitly recognized it.



Chapter III
INDUCED INNOVATION AND THE

. AGRigULTURAL SECTOR OF BANGLADESH

ITI.1 Introduction

™iis chapter aims at analysing in detail the forces

behind induced technical change in agriculture in order to

further examine the tests of induced innoﬁation described in

the previous chapter. Induced -inno&ation is a
»

multi-dimensional process. Althowugh investments in

agricultural research and extension activities (henceforward

referred to as AREA]Jl is-an important element of it, any

attempt to explainAinduced innovation with the help of one
factor only, as we did in Chapter II, concéals many of its
features. The reason for restricting ourself to a one-factor
analysis there was that it would be a major job to analyse

all the facets of induced innovation in agriculture in the

context of eight different countries taken together. In

this chapter we focus on a gingle country only, Bangladesh.
The arguments developed in this chapter can be used to
examine the pProcess of induced technical change in
agriculture in other <countries. Thé distribution of the
contents of the remainder of the chapter 1is as follows:
Section III.2 describes some important soufces of induced

~innovation in agriculture while Section III.3 identifies the

52
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major external features associated with any form of
technical change. The findings of these—tqo sections are
utilized in Sections III.4 and III.5 to analyse the proﬁess
of agricultufal transformation in Bangigdesh. A hypothesis
is formuléted and tested against the empirical data of the
country %p Bection III.6. Se&tioﬁ IiI.T'presents a critical
evaluation of the role of the public sector in Bangladesh in
certain related fields of agricultural innovations, other
than that of éponso:ing ihe research. A summagy of the

chapter is included in the final section.

ITI.2 Internal Features of Induced Innovation

(With Special Reference to Agriculture)

III.2.1 Economic rationality

Although. not mentioned explicitly in most other
studies, a strict adherence to the code of economic
rationality‘is the first precondition for induced-innovation
to take place. Stated Briefly, induced innovation is a
process through which the. eéonomy reaps profit from the
opportunities brought before it by the -changesl_in the
availability of factor endowments.: To ©perceive these
opportunities and to take steps to derive benefits from it,

one must behave rationally.

In agriculture, induced innovation specifically



54

requires ratidnal behaviour from tw§ types of agents%\ First
is the rationality of the farmers. The role of farmers in
induced innovation in agriculture as presented by Hayaml énd
Ruttan is extremeiy important.2 In their version of the
theory, it is the farmers Qho first feel the necessity for
innévatiggs in the technology which is.created by changed
circumstances. Through their collective approach this
demand is transmitted to the public sector for the
sponsorship of agricultural research. In a Qodified
approach to- the problem, sugqestéd by the present study and
which is more relevant to the developing economies of today,
a rational attitude on the part of the public sector itself
is also urgently  needed for induced innovation in
agriculture. As we sﬁall seé later in this chapter, in the
developing countries the farmers are unable to act in an
organized manner. due to thé absence of appropriate
institutional facilities. Under these circumstances, the
task (of‘responding rationally to the needs for change falls
on the public sector on account of its pervasive role and

LY

influences in such economies.

III.2.2 Changes in market conditions

This 1is another important precondition for induced
innovation to take place. Induced innovation, as we have

observed, implies adapting to the new situations created by

"the shifts in the factor or the product markets. Generally

L e
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speaking, if a factor becomes dearer relative to others, the
doctrine of induced innovation - calls fof developing
technologies aimed at saving that factor. .Similarly, iflthe
demand for a product increases relative to those for other
products, efforts should be made to improve the quality of
it thrgggh technological ‘advancements. Unaer competitive
‘'situations, movements in market prices can be taken as true
indicators of the supply and demand situations for any input
or output.. The factor becoming scarcer or thé product
experiencing rising demand will register a steady increase

in market price.

Since more ihap one factor or product can show an
increasing price trend at the same time, the theories of-
induced innovation have been caét in terms of relative
prices. .Consequently, a steady increase in the price of any
input or output relative to that of another input or output
respectiveiy"can bé regarded as the market signal to
indicate that a potential demand for induced innovation has

been generated.

III.2.3 Public sector sponsorship of AREA

The third important source of induced innovation in
-agriculture is the willingness of the public sector to
sponsor AREA. Hayami and Rﬁftan have also placed great

emphasis on the role of the public sector in equilibrating
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the sdpplé} and demand needs for innovation as the vital

factors in the explanaiion of agricultural productivity.

"Farmers are induced by shifts in
. relative prices, to search for technical
* alternatives which save the increasingly
' scarce factors of production. They
press the public research institutions
__to develop the new technology and, also,
“gdemand that agricultural firms supply
modern technical inputs which substitute
for the more scarce factors. Perceptive
scientists and science administrators
respond by making available new-
technical possibilities and new inputs
that enable farmers™ to profitably
. substitute the increasingly abundant
factor for increasingly scarce factors,
thereby gquiding the demand of farmers
for unit cost reduction in a socially
optimum direction".3

The 1link between the needs of the farmers and its
realization by the "perceptive scientists" is created by the
dialectic interaction between the farmers and the government
in a Hayami-Ruttan model. However, in the developing
countries of today, where proper institutional facilities
are lackiné,- it is very difficult for the farmers to put
organized pressure on the government. In the context of
these‘ countries, the direction of dialectic interaction
should be reversed. Rather than the farmersygressing the
public sector, it 1is the public seétor who should come

forward with AREA and provide it to the farming

communities.4



57

The. next chaﬁter discusses in detail the factors
that make public sector sponsorship of AREA almost
indispensible. Given that the public sector has agreed.to
sponsor such programmes, the immediate question is whether
the outcome of such sponsorship is 1iké1y to reflect the
needs o%} the farmers. We can identify three types of

situations when this will be so. These are:

(a) When the origins of the government lie in the

farm sector, or

(b} When there is dialectic interaction between the

farmers and the government, or

(¢} When the government in power 1is responsive
enough to realize the appropriate needs of the farmers

and takes necessary steps to satisfy those needs.

In the first case, it will be in the private
interests of the persons at the centre of decision making to
steer the direction of AREA towards the most productive
path. For, in such a situvation, there cannot be any
divergence in the interests between those.of the farmers and
those of the government. Ayer and Schuh (1972) have shown
tﬁat the massive invéstments in cotton cultivation research
in Sao Paulo state of Brazil can largely be explained by the
fact that the farmers producing cotton were in a position to

exert political power during the period when this research

T A -
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took place.

The most illustrative examples of the motivations
through dialectic interactions have béen provided by Héyami
and Ruttan; Dealing with the agricultural sectors of Jépan
and the U.S.A. they have shown how the farmers of these
countrie®organized themselveslinto various associations and
put pressures on the government at different 1eye{s to

provide the required research and development services.

Studies describing the third type of motivation, in
which the public sector comes forward to sponsor AREA out of
its own volition are rare. Nevertheless, this is the most
common situation in the countries currently developing, many
of whose governments have come to *power through
ﬁ%n-democratic processes and have little political link with
the farmers. The issue of public sector rationality
mentioned at the beginning ofr the section is more relevant
in this case because here the farmers and the public sector
‘exist as two distinct entities. Unless both of them act
rationally, the achievement of induced technical change in

agriculture may be quite difficult.

III.2.4 Actual investments in AREA

This is the Mmost important socurce of induced

technical change in agriculture, but it must work in

“conjunction with the other  forces discussed above. The

T
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importance of investing in AREA has been analysed in detail
in Chapter ‘II;'and to avoid repetition, we refrain from
discussing this again. The bﬂly thing worth mentioning ét
this point is to re-emphasize the fact that'agricultural
technology is very much location specific and unless
adequate u}nvestments are made in AREA, the chances of

developing technologies suited to the environment of any

region is very remote.

I1I.3 External Features of Induced Innovation

(With Special Reference to Agriculture)

I1I.3.1 Introduction

The preceding section has described the factors
behind induced technical change in agriculture. To achieve
induced innovation, it is necessary that all the factoré
should behave in a positive way. That is, the market trends
should favour some particular input or output, both the
farmers and the public sector should behave rationally,
there should be interaction between them and investments in
AREA should be adequate. It is very difficult to determine,
a priori, whether all the above forces are behaving
positively for any particular‘country. One possible way to
determine this is to analyse the ex post evidences of
technical change. 1Induced technical change is nothing but a

form of technical change, and the wultimate test of it must

e e e e —



be based .on ' successful demonstration of the - fact that a

technological transformation has taken place.

Given evidence of technical change, thg forces
mentioned in Section III.2 can be analysed and, in addition,
the tests described in Chapter TII can be applied to
determind& the endogeneity of the technical change. Fipnally,
it should be mentioned that it is possible to get pésitive
indications - from the source test based on Secion III.2 but
with 1little or no evidénces 6f technical change. Such an
exercise 1is not entirely fruitless, as it will pinpoint the
fact that something has gone wrong in the process. and the

entire programme of AREA needs a thorough re-examination.

In this section we shall focus on fwo important
criteria to be used to determine the occurrence of technical
change. These are: (a) the appearance of new inputs and/or
outputs,. and (b) an increase in the productivity of the

agricul tural sector.

III.3.2 Appearance of new inputs and/or outputs

The primary method by which new technology manifests
itse}f is by displaying new kinds of input or output or
both. Sometimes lthese new items may  Dbe quite
indistinguishable from the old ones in terms of pure
physical appearance even though their intrinsic properties

"~ are different. A common example for this is seed. Both the
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traditional,ahd the high yielding varieties of s;eds-for any
particular crop 1look alike. Unless the appearance of new
inputs (we can view new methods, 1like crop rotation aS‘néw
Anput) and/or outputs, which are different from the old .
ones, either physically or qualitatively or both, can be
establishsg, it is not valid to claim that any region or

country has experienced induced innovation in agriculture.

IITI.3.3 Rise in agricultural productivity

As mentioned at the end of Chapter II, the present
study assumes that the occurrence of induced innovation .in
agriculture guarantees a rise in agricultural productf;ity,
though the .reverse may not always be true.5 A natural
corollary to this is that rise in agricultural productivity
is also one of the conditions that must be satisfied before

any claim of achieving induced technical change " in

agriculture can be established.

We see that induced innovation in agricul ture is
characterized by two types of factors. The first type makes
it possible for induced innovation to take place. The
second type 1is the Qutward demonstration of the fact that
the process of induced innovation has become successful.
Both of them are usiful in the analysis of the subject and

may be termed as the "internal™ and the "external®" features

of induced innovation in agriculture respectively. The next
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two sections focus on the agricultural sector of Bangladesh

using this typology as the framework of analysis.

I1I.4 Internal Features of Induced Innovation :

A Case Study of Bangladeshi Agriculture

I1I.4.1 Introduction
" aa

In the preceding two sections we have identified the
sources and effect?— of tinduced technical change in
agricul ture, There we argued that any analysis of induced
innovation in agriculture must accompany an in depth
examination of these factors. In this section Qe:shall
study the first of these factors, i.e., the sourées of
induced technical change in agriculture in the contéxt of
Bangladesh. The next section complements it by studying the
evidences of such change with a view to arriving at some
conclusions regarding the process of agricul tural
transformation in Bangladesh. This is going to be a long
section and is divided into several subsections for
expository convenience. Subsection III.4.2 aims at testing
the economic rationality of the farmers in Bangladesh while
the next one analyses the trends in her factor and product
markets. The nature of interaction bétween the farmers and
the public sector and the pattern of investments in AREA in

Bangladesh are discussed in the last two subsections.
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I1I.4.2 Test @f rationality of the farmers

In the context of the present study, rationality is
defined in termé of the positive response of the farmers to
the incentives brought before  them thrqugh changed
circumstances. Though relevant, we have refrained from
making & test of ratiéna;itk of the public sector for two
reasons: First, it is very difficult to design and implement
a rationality test for the public sector as the dimensions
of its activities are 1large in 'Bangladesh, like other
developing countries. Second, a major componedt of the
present study will turn out to be a critical evaluation of
the role of the public sector vis-a-vis the agricultural
Sector of Bangladesh.6 Such an exercise will automat?célly
involve a test of rationality for the public sector and a

Separate study of the subject is uncalled for.

The estimating equation for the test of farmer's
rationality is stipulated in log-linear terms where the
ratio of actual land allocation to different crops and the
ratio of actual output of these crops are regressed on the

ratios of their prices and is described below.

e i
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(3.1) 1In(X/Y) = a + bln(PX/PY) + error term

where,

X, Y : the‘acreage under éifferent crops or the actual -

output of different crops
PX, PY : prices of crops X and Y

a, b : the coefficients of regression.

The objective of the above test is to determine

 whether the farmer allocates his land between two crops in a
way fo maximize the net revenue from it, if he is free to do
50.7 The equation has Been cast under the assumption that
every other factor including the costs of prductibn remain
the same or have the safie quantitative effect on each crop.
In the light of recent developments of the theories of farm
response, we might argue that the observed price and acreage
magnitudes of equation. (3.1) should be replaced by the
unobserved expected - or desired magnitudes.8 However,
similar ?egressions reported in Chapter VI show that for the
case of Bangladesh, the naive expectations model dealing
with only current quantity and one-period lagged prices had
degrees of explanatory power comparable ‘to ‘more

sophisticated models.9 As a result, for the sake of

simplicity we have used the naive expectations model in the

&

present test.

In the framework of traditional agriculture, the

production of any commodity on 1land infrequently calls for
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some inputs éhat cannot be obtained locally.1l0
Conseguently, the farmen‘is less likely to be constfaineq to
'produce any panticulaf commodity and " can freely respond-to
prevalent economic incentives. Moreover, in anticipation of
the findings of this chapter, we can state that public

sector gglicies in Bangladesh did little to encourage or

discourage the cultivation of any particular crop.ll Under

these circumstances, ény observed behaviour ‘in terms-of the
farmers' response or non-response to price incentiveg can be
interpreted as the indicator of his economic rationality.
In the context of the present test, the positive response

will be manifested by the allocation of more land to the

.crop (or by the production of more of it through some other‘

means) whose price ratio has become favourable. 1In other
wogds, a positive coefficient for the In(PX/PY) term in

fﬁaﬁation (3.1) will indicate the economic rationality of the
N

farmers in Bangladesh.

Though Bangladeshi farmers produce many commodities
on their agricultural land, it is not possible to carry out

a test for price~responsiveness involving all of these Crops

on account of the following factors: (a) reliable price and-

quantity information are not available for most of the crops
for a sufficiently long pe:iodc of time, (b) most of these
Crops comprise a very small proportion of the total

cultivable 1land in Bangladesh and, hence, are not of major

- - i e o Pl
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significance, and (c) these crops do not all compete for the
same lana at the same time of the year. On the baéis of the
abovel considerations, ituwas decided to focus attention.on
two crops only, namel},'jute and &us rice. Both of these
are prominent crops in Bangladeshi agriculture and are‘also
grown inzghe same season and in similar c¢limatic zones which
means that they are directly competitive.12 1In addition, we

could collect a time series data on these two crops covering

a span of more than twenty five years.

Early studies of Sinha (1941} and Shorter (1955f
pertaining .to the 3jute growing areas of the éntire South
Asign subcontinent found evidences of the influence of
relative prices on the production pattern of Jjute and
rice.13 Clark (195?) also obser&ed that an increase in rice
prices discourages the planting of jute. To be specific, he
found that an increase of 50.per cent in rice prices results
in an average decline of 180,000 hectares in the jute area
in the following season. More recently Hussain (1964)
estimated a linear equation in which the proportion of aus
and/or aman rice acreage in the total area under aus and/or
aman rice plus Jjute was regressed on the price of rice
relative to that of jute. He found Ehat for the whole of
Bangladesh (then East Pakistan) the above equation could
explain fifty four per cent of the variance. Observing that

~in certain parts of Bangladesh rice and jute do not compete

B L
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for the same land due to climatic and physical limitations,
he repeated’ the same study for nine major juté growing
districts’ of Bangladesh. The 1qttef' choice increased the

expianatory power of the equation to sixty per éent.

The purpose of the empirical results presented in

this subsection is to update the works cited above. We wish

to find out whether variations in the price of jute relative
to that of  rice did have any effect on the productive
behaviour of the farmers in terms of chosing between these

two crops.

As the output of Qagriqultural activities‘ show
tremendous fluctuations due to wvariations in weather
conditions, traditionally the  supply response. of
agricultural farmers has been measured from acreage response
instead of the response in output. Since thelagricﬁlﬁural
seétor of Bangladesh is'still backward in terms of improved
irrigation and drainage facilities, the influences of
erratic weather .are quite heavy on her agriculture. This
suggests that écreage would be the best choice as an

indicator of farmers' responses to relative price changes.

. On the other hand, if we assume ‘that the produétion

condition - in agriculture is not characterized 'by fixed

coefficients technology, and it is possible to vary the use
. \ ‘

of "inpdts on land, the one to one correspondence between

acreage and output is Qestroyed. In that case the latter

N e . .
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—

becomes a better indicator for testing responsiveness. In

this study, we have decided to try both acreage and output

as dependent variables, keeping in mind that neither jute

nor aus-rice has shown any evidence of technical chénge in

production and, as such, the acreage response model is

expected to yield better results.,

On the basis of the above discussion, we have

developed tg?

estimating equations for testing the

rationality of the farmers of Bangladesh. These are:

(3.2)

(3.3)

ln(JPRP)t

ln(JARA)t

- where,

i

For

JPRPt

JARAt

(

PIPR, _,

a, b, c, d

= a + bIn(PJPR)t-1 + error term

¢ + dln(PJPR)t-1 + error term

r

the ratjo of jute, production to aus rice
product%on fnjperlog t .

the ratio of 1u§e acreage to aus rice
acreage in period t

the ratio of ?g'cg Yf jute * to the price

" of rice in per

the coefficients of regression.

estimation the technique of ordinary least squares was

applied and subsequént;y was modified by the Corchane-Orcutt -

@
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iterative 'prqcess to remove serial correlation among the

disturbance ‘terms.l4 The results of the regressions are
presented in Table-3.1l. -

TABLE 3.1

PRICE RESPONSIVENESS OF THE FARMERS IN BANGLADESH

{(In Terms of Jute and Aus Rice Cultivation, 1947-74)

Egqn. No. Estihéted Coefficients Durbin-Watson R2

Statistics
3.2 a==3.10 b = 0.47 1.84 . .33
(-4.18) (3.03T
3.3 c=-3.33 d=0.41 1.88 .38

(-6.16) (3.73)

Figures in the parentheses are respective t-ratios.

<

The equations reported above héve reasonable explanatory
power and the coefficients have expected signs with
istatistically significant 't' ratios. As indicated before,
the acreage specification 1is explained by relative price
changes somewhat better than the output Specificatioh. The
explanatory powern-of our eqitations are lower than apose of
Hussain reported earlier. There may be several reasons for

this: First, the period of coverage of these two studies are

v

-
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different. Second, our siudx incorporates the whole of
Bangladesh rather than the nine major Jjute growing areas
selected by Hussain. - Finaily, Husfain was able to use:
aétual harvest‘ price received by the farmers fdr the
specific crops concerned. On the othef hand, ohf study
dealt with the average 6£ all rice prices. Clearly, the
farmer 1is likely to be more responsive to the harvest price
of aus . rice than that of all rice while making the choice
between aus rice and Jjute. We were unable to make the
1a£ter two modifications in our study due t§ the lack of

data.

Based on their responses 'in the output market, we

can stipulate that the farmers in Bangladesh are

. economically rational and exercise their rationality

whenever possible.

I1I1.4.3 Trends in factor and product markets

In this subsection we intend to analyse the factor
and product markets in Bangladesh to determine if the need
for induced innovation.exists in the agricultural sector of .
the country. As mentioned before, the ‘trends in market
prices for these commodities will Se regarded as the
indicators of their scarcities. The potential scope bf this
subsection is very large, and, for the sake.ﬁf brevity, we

shall focus on the highlighfs only. Nevertheless, the



71

analysis has been presented under several headings for the

convenience of the readers.

A. Land

Land 1is one of the ﬁost important factors of
production in the context of agricultural production
anywhere. In Bangladésh, this is more important aé its
supply is characterized by a high degree of inelasticity.
This is more pronounced when viewed against the rapid growth
of population in that country. The gravity of the situvation
is Aindicated -by Table 3.2 whicﬁ shows the density of
population in Bangladesh_ for' different vyears during

1901-79. 15

TABLE 3.2
DENSITY OF POPULATION IN BANGLADESH

(In Heads per Sgquare Mile)

Year 1901 1951 1961 1974 1979

Density 534 761 922 1286 1476

Source: Statistical Yearbook of-Bangladesh,
Various issues.
In a situation like this, it 1is reasonable to expect that
the price of land relative to other factors, especially

labour, shall increase over time.
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B. Labour

Bangladesh Ihas traditionally been a labour surplus
country. With restricted opportunities for employment in
the urban sector, the majority of her labour force has been
forced to concentrate in the rural sector.l6 Table 3.3
presented below shows the magnitude of such pressure faced

by the agricultural sector of the country.

TABLE 3.3
AGRICULTURAL LABOUR MARKET IN BANGLADESH

(In Million Man-Years, except the last line)

Year - 60-61  64-65 69-70 73-74
Total Agr. Labour 16.46 18.15  20.82  22.41.
Total Agr. Emp. 10.86 12,55 14.07 —14.50
‘No. Unemp. in Agr. 5.60 5.58 6.75 7.91

Percentage of Unemp. 34.0%_  30.8% 32.4% 35.3%

S;urce: Ahmed (1972); Ahmed (1978); and
First Five Year Plan of Bangladesh.

In a factor market characterized by excess supply
all along, there is no reason to eXpect its price,tp rise.
In fact, the doctrines of pure economics suggest that the
price for a surplus factor should be zero. However given

that the subsistence needs of the 1labourers must be

B ¢ e
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satisfied, they have traditionally commanded a positive wage

which is assumed to equal its marginal product in the

present study.

C. Fertilizer

In addition to land and labour, fertilizer is

another important input%ih agricultural production. 1In the
present study of Bangladesh,. fertilizer ~ assumes an
additional importance sinée under the existing set of
scientific knowledge agricultural research activities aimed
at induced innovation seek to develop fertilizer-responsive

seeds in most of the land-scarce countries.

The analysis of the market for fertilizer in

Bangladesh ;is compl icated by several factors. Firstly, it
has two major sources of supply: domestic production and
imports from abroad. Domestic production is controlled by
the government and is also sold by the public sector to the
farmers a£ subsidized prices. Consequently,” we cannot
regard the selling price of fertilizer as 1its true
opportunity cost. The imported fertilizer 1is.also sold by
the government to farmers at the same set of subsidized
prices. For these commodities, however, ié is‘possible to
get the c¢.i.f. prices paid by the goverhment.l? Both the
subsidized and the c.i.f. prices of fertilizer have

important bearings on our study of induced technical change

- ey
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in Bangladeshi agriculture. In the empirical work related

to the price of fertilizer reported in this study the

subsidized price has been used. The reason for this is that

these analyses were concerned with the responses of the
farmers and for them the subsidized price payable at the
farm gate 1is more relevant. ‘The c.i.f. or true price of
fertilizer assumes importance in a different context. Once
we recognize that it is the responsibility of the public
sector to steer the directions of induced innovatién ot the
basis of actual situations' in the factor and product
markets, this price should form the proper basis for
decision making. ConverSely, if -the farmers decide to
sponsor AREA, the market or the subsidized price should be
the pertinent choice, since this price reflects their
private cost of acquiring this factor.18 To cover both
types of situations referred to above, we have used both £he
_§uﬁsidized and the true price of fertilizer in calculating

the relative prices reported in Table 3.4 below.

D. Mechanical power

The term mechanical power has been wused by us to
represent both tractors and power - pumps used in the
agricultural sector Sf Bangladesh.19 These modern inputs
have also become popular to some extent among the farming
communities in recent years, as is apparent from Table 3.9

below. = The analysis of this market was easier than that of
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fertili;er*i - as . these equipments are not produced
domestically. Thé c.i.f. pfiéés of these items, quoted in
the F. A. 0. Trade Yearbook reflect the financial cost for
employiné these mechanical devices in Bangladesh. In our

study these prices were adjusted to take fuel cost and

depreciafion factors into consideration.20 The price of

this input relative to those of other relevant inputs are

reported in Table 3.4. : -

E. Analysis of relative prices for inputs

For a study of induced technical change, the

relative price data presented in Table 3.4 are highly

relevant. Columns 2 to 5 of the Table show that land has
become more expensive relative to other inputs in
Bangladeshi agriculture. This reflects the scarcity of
land in Bangladesh as well as the technical progress made in

the fertilizer and mechanical equipment industries. Based

.

on the data in this Table, one can redommend technical
changes of a land-saving and other factor-using nature for
the agricultural sector of Bangladesh. Column 6 of the
Table showé that the-pricé of 1ab6ur relative to mechanical
power is also increasing. This is surprising for a labour
surplus country 1iké Bangladesh - and may‘ occur béééﬁse
technical progress in the industries producing agricultural
_equipment abroad has.made these available to Bangldeshi

farmers at a gradually declining prices. Nevertheless,

‘
[P S
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TABLE 3.4
TRENDS IN RELATIVE FACTOR PRICES

Year Price of Price of Price of Price df Price of
- Land/Labour Land/Fert. -Land/Fert. Land/MP Labour/MP
B (Subsidized) {Actual)

1950-51 1.42

1951-52 1.81
1952-53 1.96
1953-54 2.36
1954-55 2.62
1955-56 4.23
1956-57 2.80
1957-58 3.63
1958-59 3.29
1959-60 3.62
1960-61 3. 42 2.71 1.36 : 3.60 1.05
1961-62 3.22 3.01 1.59 3.67 1.14
1962-63 3.85 3.12 1.65 4.46 1.16
1963-64 3.85 3.54 1.88 4.79 - 1.25 &
1964-55 3.52 . 4.68 2.48 4.73 1.34
1965-h6 4.44 5.94 © 3.15 5.18 1.17
196667 5.32 6.72 2.84 6.27 1.18
1967-<68 4,79 6.62 2.83 6.05 1.26
1968-69 5.36 7.30 3.29 6.69 " 1.33
1969-70 4.77 7.50 3.28 N.A., N.A.
1970-71 4.64 N.A. N.A. N.A, N.A.
1971-72 4.66 9.30 5.67 7.34 1.57
1972-73 5.47 7.61 4.74 5.46 1.00
1973-74 3.00 3.61 2.99 N.A. N.A.
Source: Various issues of Statistical Yearbook of Bangladesh,
Bangladesh Agriculture in Statistics, and
F.A.0. Production and Trade Yearbooks. N
Note : Bose (1968) estimated that Bangladesi farmers work for

259 days ‘in a year. This information was used to
convert labour income into annual figure.

" As modern inputs were largely unknoewn prior to 1960, )
we do not have adequate data on them. ~o
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since the other price ratios reported in the Table show a
faster increase than the ratio of thé_price of labour
relative to thét of mechanical powet, technologies directe@
towards saving 1$nd (bio-chemical) may have greater pay-offs
than those directed ;pwards.saving labou; (mechanical) in

that country.

F. Trends in the product market

The analysis made so far in this subsection has
demonstrated that the nature of input market in Bangladeshi
agriculture is favourable to induced technical change in the
sense that some of the inputs are becoming relatively
scarcer. To complete the analysis, we intend to examine
similar trends in the product market as well, In
Bangladesh, a variety of crops are produced in the
agricultural sector. However, to incorporate all of them
into the study is quite difficult and is also not worthwhile

"

as most of the crops comprise a very small segment of the

‘ 5 _
total agricultural output of the country. For this reason

we have selected ‘four crops for study, whiéh' are both
relatively important compared to other crops and
characterized by the availability of long time.series data.
The importance of these crops is evident from the fact that
throughout the entire period of study they accounted for
more thaq ninety per ceﬂt of the total cropped area in

Bangladesh. "These four crops are jute, rice, sugaroane, and tea.

P R R ST YO
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TABLE 3.5
TRENDS IN RELATIVE PRODUCT PRICES

s a—

Year PR/PJ PR/PSC PR/PT PJ/PSC PJ/PT - PT/PSC
1950-51 0.68 6.46 N.A. 9.50 N.A. N.A.
1951-52 0.57 7.38 N.A. 12.88 N.A, N.A.
195253 1.37 7.00 5.65- 5.13 4.13 1.24
1953-54 0.66 5.13 3.80 7.75 5.89 1.32
1954-55 0.47 4,19 2.36 8.94 5.03 1.78
1955-56 0.73 7.88 3.78 10.78 5.17 2.09
1956-57 0.87 12.02 5.84 - 13.77 6.69 2.06
1957-58 0.88 8.56 5.17 9.74 5.88 1.66
1958-59 1.06 8.23 4.82 7.77 4.55 1.7}
1959-60 0.85 8.88 3.90 10.45 3.52 - 2.28
1960-61 0.34 B.28 3.87 24.71 11.55 2.14
1961-62 0.68 6.81 4.39 9.95 6.41 . 1.55
1962-63 0.80 7.03 3.61 8.78 4.51 1.95
1963~64 0.70- 6.30 3.23 .01 - 4.61 1.95
1964-65 0.53 6.67 3.89 12.59 7.35 1.71
1965-66 0.78 8.55 4.07 10.96 5.22 2.10
1966-67 0.79 11. 44 4.49 14.41 S.66 2.55
1967-68 . 0.83 11.32 5.20 11.03 5.07 2.18
1968-69 1.03 12.33 5.55 13.60 - 6.13 2.22
1965-70 1.01 10.06 4.67 9.93 4.61 2.15
1970-71 0.84 9.83 4.20 11.72 5.00 2.34
1971-72 0.90 11.67 3.80 12.93 4.21 3.07
1972-73 0.76 10.63 5.82 14.02 7.68 1.83
1973-74 0.97 8.56 7.18 8.80 7.39 1.19
1974-75 - 1.23 14.82 14.29 '12.00 11,62 1.04

1975-76 1.13 9.69 11.42 8.60 10.13 0.85

Source: Various issues of Statisticial Yearbook of Bangladesh
and Bangladesh Agriculture in Statistics.

Note : Pi stand for Price of crop 'i'; J: Jute, R: Rice,
SC: Sugarcane, and T: Tea.
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Table 3.5 presents the relative prig?s of these crops

computed' pairwise for the period. 1950-78. From a careful -

study of the Table we find that the relative prices of thesq
crops have fluctﬁated quite widely over the years and it is
very difficult to establish a smooth trend, as was possible
for fhe inputs.- This indicates. that the nature of finai“
demand 'conditions prevailing in the_agricultu;al market of
' Bangladesh does not provide any definite clue as to the

direction of induced innovation.

III.4.4 Public sector sponsorship of AREA

It has alfeady been mentioned that in the developing
countries it 'is very difficult on the part of thé farmers to
organize themselves for collective action. Bangladesh is no
efception to this general feature of the developing
countries. Politically, the country was under the colonial
rule of the United Kingdom as a part of an Indian proVinééh
until 1947. When the British left, no stable government
with democratic representation could be established, and
from 1958 onwards, she came under the influence of military
governments. The situation after 1971, when Bangladesh
became a separate nation, has not qhanged much from the
past. In other words, among the three types of motivation
suggesteq ;n Section 1III.2, namely, government with an
égficultural: base, farmers pressing the government for AREA

and the perceptioﬁ of the,need for AREA by the gbvernment,

A

K
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the first two are absent in the context of Bangladesh.
Consequently, the only motivation for investing funds in
AREA by the public sector in Bangladesh can come from the
voluntary realization by the _government that -such

investments will have. high qy-off and are absolutely

necessary for the agricultural sector of the couhtry.

III.4.5 Actual. investments in AREA in Bangladesh

"The actual investments in AREA in Bangladesh was
very low both in absolute amounts and as a proportion of the
‘qross domestic product iﬁ. agriculture. The data presented
in Table 3.6 are taken from Evenson and Kislev (1975) which
show the amounte of such‘investments in Pakistan during the
year *1965. The data on actual investments°iﬁ AREA in
Bangladesh for -other years of . the sixties or the early
seventies could not be gathered and Evenson and Kislev did
noﬁ provide separate information for .the t?o components of
the then Pakistan, namely,k‘East Pakistan (now, Bangladesh)
and West Pakistan. _Howev-r, from the figu;es of intended
allocation in AREA du;ingfthe Third Five Year Plan period
(1965-70), we find that the share of éengladesh Qas
approximately one third of the‘total'investments in AREA.2}
_Since the Pakistan government was ,becominé incfeasing@y
eoncerned about the existence of economi;\disparity between
" its two preelnces end was taklng definlte measures to reduce

thls “disparity over tlme‘the share to Bangladesh_durlng the
' 7
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. earlier years could not have been more than this. Based on
this agsumption, we have calculated the share of Bangladesh

.in investments in AREA in 1965 and reported this in Table

3.6.
.
TABLE 3.6
: ALL.OCATION OF FUNDS TO AREA 1IN
PAKISTAN AND BANGLADESH .IN 1965
{In Thousands of U.S. Dollars)
Iﬁveétment in AREA  Investment éa percentage
of GDP in agriculture
Pakistan 11, 041. 00 .23
Bangladesh 3,683.00 .16

Source: Evensori and Kislev (1975);‘and our estimate,
Note: - Pakistan refers to the pre-1971 political unit.
The Third Five Year Plan target for annual
allocation of funds to AREA in Pakistan was U.S5.%4,832
thousands per vyear. From this it appears that the actual
investment in 1965 as reported by Evenson and Kislev was not
a major .deviation from the trend. Compared with the
corresponding figures for other countries for the same year,
presented in Table 2.2 we find that the emphasis placed on
AREA in Bangladesh (or even in Pakistén) was very low. 1In

I

addition, the Joint Pakistan American Agricultural Research
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Review Team found thét\theh pakistan Agricultural Reseérch_
Council, which was responéible. for financing and
co-ordinating agricultural research at the natiodél leﬁel
had failed to co-ordinate research .throughout the country
and that the flow of information between public and private
resgarch:>workers and the exchange of information with,

foreign research institutes could be improved.22,23

III.5 External Features of Induced Innovation :

A Case Study of Bangladeshi Agriculture

In Section 1III,3 we have identified two types of
evidences of technical change. These ére: an increase in
productivity and the appearance of new inputs or outputs.
Quite often these two factors indicate a close relationship
and to save space and ggpetitions we shall discuss thenm
together in this section in the context of the agricultural
sectof pf Bangladesh. Towards the end of the section an
attempt is made to integrate these two factors on the basis

N

of Bangladeshi experiénce.

Until now the major emphasis of AREA in Bangladesh
was directed toward a single crop, rice. The high y{eldiné
varieties of rice,- which included iRRI#B, IRRI-20, -BR-5,
were introduced in the mid-sixties. The rate of adoption of

these seeds among Bangladeshi farmers is shown in Table 3.7.
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. 4
TABLE 3.7
~ RICE CULTIVATION IN BANGLADESH
(LV: Local Varieties, HYV: High Yielding Varities)
(In Millions of Acres and Maunds per Acre)

Acreage Acreage Perc Yield Yield
et LV HYV in HY LV HYV

BORO RICE

1967-68 ¥ 1.38 0.156 10% 17.36 41.07
1968-69 ©1.66 0. 360 18% 17.93 39.46
1969-70 1.60 0.580 27% 17.72 40.35
1970-71 1,57 0.857 35% 17.44 37.711
1971-72 1.39 0.795 36% 15.12 .33.07
1972-73 1.35 1,088 45% 14.78 33.52
1973-74 1.14 1.454 56% 14,53 -30.15
1974-75. 1.14 1.629 S9% " 14.80 27.22
1975-76 - 1.25 1.587 56% 14.22 28.01
1976-77 0.90 1,215 57% 13.84 26.75
1977-78 1.25 1.455 54% 16.40 27.782
AMAN RICE

1969-70 14.81 0.029 0.2% 13.38 34.92
1870-71 13.78 0.200 1.4% 11.68 28..89
1971-72 12.75 0.626 4.7¢ ~ 11.37 30. 30
1972-73 12.74 . 1,379 9.8% 10.27 19.34
1973-74 12.09 2.043 14.4% 11.26 26.07
1974-75 12.23 1.239 9.2% 10.97 23.53
1975-76 12.86 1.376 9.7% 12.36 23.90
1976-77 13.31 1.046 7.3% 12.29 23.37
1977-78 13.69 '0.567 4.0% 13.64 26.93
AUS RICE

1970-71 7.81 0. 080 1.0% 9.62 36.07
1971-72 7.30 0.121 1.6% 8.25 29.02
1972-73 - 7.08 0.164 2.3% 8.10 27.72
1973-74 7.35 0.329 4.3% . 8.96 31.52.
1974-75 7.16 0.699 8.9% 8.23 27.07
1975-76 7.58 0.872 10. 3% 8.52 26.78
1976-77 7.05 0.901 11.3% 8.44 24.92
1977-78 6.86 0.953 12.2% ~8.80 25.34

Source: Statistical Yearbook of Bangladesh, various lssues,
Note: Maund is Bangladeshi weight unit (1 Maund = 82.08 lbs).
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The most striking feature of Table 3.7 ;s the fact that the
introduction of the high yielding vari?ties of seeds has
largely been concentfgtéd‘in the boro crop. This crop grows
in the winter season and is dependent, to a large extent, on
ks éontrolled waFer supply. The boro crop constitutes a very
small p{gportion of the total rice area under cultivation.
“The bulk of Bangladeshi rice comes £from aus and aman crops
wﬁiqh are rainfed varieties and grow under deep water. The
deveiopﬁent of high yielding seeds for these érops'has not

*

been successful thus far. The main reason for this is that
instead. of concentrating on ipdigenous reéearch, the public
sector in Bangladesh tried to rely oﬁ the easier alternative
of bofrowing technology from abroad. The high yielding
varieties in' use 1in Bangladesh owe their origin, either
directly or through adaptation, to their parent varieties
developed at the International Rice Research Institute
(henceforward referred to as IRRI), Los Banes, Philippines.
Evidently, the outcome of the researches done by the
institute situated in the Philippines has failed té bring
about any significant.effect on the agricultural sector ofl
Bangladesh. It is clear that in Bangladesh a pressing need
exists for carrying out successful - research activities
oriented to;ards':the' environmental conditions and factor

shpply situations: of that country so that it may suit the

bulk of the rice crop.



85 _

‘.'-‘\... ﬁ
Similarly, ligtle research effort has been dirqued
with a wview to develop high yieiding varieties of other
important cash crops of the country : which include jute,
sugarcane and tea. The yield per acre of these crops in
Bangladesh has been Virtuélly‘constant or declining over the

Yy gpis fact is evident from the yield rate of these

. Y ///
crops shawn in Table 3.8. : -

TABLE 3.8
YIELD PER ACRE IN BANGLADESH

(For Selected-Crops During 1950-78)

Crop: Jute Sugarcane Tea

1950-51 1,403 lbs. 15 tons . 7.9 tons
1955-56 1,304 1bs. 15 tons ' 8.3 tons
1960-61 1,175 1bs. 14 tons 6.5 tons °
1965-66 1,218 1lbs. 17 tons 7.7 tons
1972-73 1,176 1lbs. 17 tons 5.9 tons

1977-78 1,188 1lbs. 17 tons 6.7 tons

Source: Various issues of Statistical Yearbook

of Bangladesh and Bangladesh Agriculture
in Statistics.

2»///;;é consequences of not -developing improved

préduction technologies for these important cash crops can
be quite significant. These crops are the major foreign
exchange earners for Bangladesh and . thus should be the

subject of major research and development programmes. There
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is another important reason' that justifies the application
of ;reater attention to\these crops. Since the cultivation
of these commodities are relatiyély more labour-intensive
and since the high yielding varieties tend to require more
manual labour, the development of high yielding.uérieties of
these_ cash crops could help reduce unemployment. A récent
study by the F,A.0. (1975) 1indicates that the man-days
required for each acre's cultivation of r;ce and jute are
fifty and ninety respectively, when both are grown by the
traditional method. “Consequently, the observed ngglect of
AREA in Bangladesh towards these labour-intensive crops
leads us to believe that the _relstive factor supply
situation ‘was not considered in framing the agricultural

development policies of the country.

As a result of.the evidence prgsented thus far in
this subsection, we <can observe that :one indicator of
technical change, the appearance of new outputs "in the
agricultural sector of Bangladesﬁ, was not in eQidence. The
other indicator, an increase ‘in the consumption of new
inputs in Bénq%aﬂfshi agriculture (apart from the high
yielding seed varietis already(discussed) is presented in

Table 3.9,
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"TABLE 3.9
USE OF MODERN INPUTS IN @ANGLADESHI AGRICULUTRE
' (For Selected Years)

{In Thousands of/N. Tons or Hbrse Power)

Year 1960-61 1973-74 Percentage increase
_ . . )

Fertilizer | Azz.soﬁ 177.43 688%

Tractor/Tiller 42.20 180.00 327%

Power Pump 20.51 530.15 2,468%

. Source: Various issues of F.A.0. Production Yearbook and
Bangladesh Agriculture in Statistics.
- We are now in a position to state some-broad
conclusions regarding the nature of changes in the

agricultural sector of Bangladesh: These are:

(a) The spread of high yielding varieties of rice

was mostly concentrated in the boro crop.

(b) Apart from rice there has been little spread of

high yielding varieties in other crops.

(c) The expansion of acreage mostly came from the

increase in boro cultivation.

(d) There was a great increase in the use of other

modern inputs such as fertilizers, tractors, and power



pumps ..

_To reconcile-tﬁe abéve statemeqts it is necessary to
show the link between the spread of high yielding varieties
in bpré crop and the simultaneous increase in the
application of modern inputs in the agriéultural sector of
Bangladesh. In this endeavor we were sevefely hand icapped
by the lack of precise data. Ideally, one would like to
have information on various inputs applied to traditional
rice varieties at -the. beginning and at the end of the

period. In addition, one would 1like to know the

corresponding magnitudes of inputs applied to high yielding .

varieties. Unfortunately, we could gather evidence on the
A\

nature of wvarious inputs used in traditional and high

-ylelding varieties of crops only for recent periods,

However, this will not be a major problem if we assume that

the patterns of fnput use in the traditional varieties of

rice d4id not change much during the period. This assumption’

can be supported by studies which have shown that
traditional allocation and availability of 1inputs a%e
optimum for the traditional crop varieties. It has élso
been found that the marginal product of modern inputs,
especially fertilizer, to these crops. become negative at a

very low-level of absorption.?24

We have reported in Table 3.10 below two recent

.studies on comparative input requirements between
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: kitfagizfonal and  high vyielding vérigtdes of rice in
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Bangladesh. The coefficients. quoted in those studies (and
hénce in‘our Table) -ére not in terms of physical inputs buf
in terms of the man—houfs or map—days aséociated with the
operation of each Eype of ihqut. Since the man-time
employed in these input§ are likely to be proportional to
the physical application of these inpﬁtg, these coefficients
can be uéed "to get some iﬁforﬁation regarding the
intensities in which different inputs are employed in
traditional and in high yig&ding seed varieg!%s in

Bangladesh.

Baged on constant man-time requirements per input in
both the varieties, the coefficients ;f Table 3.&0 suggest a
higher incidence of modern inputs such as power pumps and
fertilizers in the cultivation of high yielding varieties of

rice.

In another study, the Kafinert ret al. (1970) found
that during .the period 1966+70 the rates of fertilizer
application to traditional and high yielding varieties were
6.27 1lbs. per acre and 58.75 lbs, per acre respectively.25
The same study also observed that high yielding varieties
are more susceptible to pests and should receive relatively

more attention in terms of plant protection.26
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TABLE 3.10

' LABOUR INPUTS USED ALONG WXTH OTHER FACTORS

IN LOCAL AND HIGH YIELDI&G RICE VARIETIES IN BANGLADESH

(LV: Local Variety; HYV: High Yielding Variety)

N TABLE 3.10 A

(In Man-hours per Hectare)

-

LV - BYv

Sowing and Tranéplanting 5 284 328
Fertilization 49 105
Power Pumps '8 34
Harveéting 235 | 314
Thrashing ' 91 168

———

Source: Ahmed (1976), p.11l0

TABLE 3.10 B

(In Man-days per Acre)

~ LV HYV
Land Preparation 11.29 20.54
Sowing/Seeding ‘ 11.62. 28,31 '
Harvesting/Thrashing _ 11.52 20.12

Source: Mugtada (1975), p.409
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Finally, the following Table taker/ flom F.A.O,
975) shows a striking difference in the use of modern

inputs in traditional and in high ylelding varieties of

rice.
TABLE 3.11
MONEY INVESTED IN VARIQUS INPUTS
"IN RICE PRODUCTION IN BANGLADESH
(In Takas per Acre)27
> o
Crop ‘ Traditional High Yielding
A
Fertilizer Nil i 1380.00
Plant Protection Nil - 20.00,
Water . Nil . 300.00

Source: F.A.0. (1975), p. 14, Table 1.

The message implicit in the estiﬁates of F.A.d;rand
Kahnert et al. as well as in those of Ahmed (1976) and
Mugtada is that the major share of modern inputs used in the
agricultural sector of Bangladesh has gone to the high
yielding varieties of rice. Our own finding reported in
Appendix A, that irrigatioq, which was  used és a proky for
‘package inputs in agriculture, was highly significant with a

positive sign in the fertilizer demand equation, also

<
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supports the view that all these inputs have been used

T

together.
H

The upshot of all these arguments is that the use-of
modern inputs in the agricultural sector of Bangladesh,
whatever its magnitude may be, did show up maiﬁly in the
’ cultivation of high yielding variéties of crops, while the
techniques in traditional varieties did not benefit from

.

modernizatién.

Incidentally, ‘it ;ay be mentioned that the sudden
drop of excesé supﬁly of fertilizers in Bangladesﬁ dur ing
the early years of the seventies can be expléfned by the
increase in the,érea_under high yfelding varieties during
that. period.2s Following the main thread of our current
argument, the rapid increase in the ”adoption of high
yielding varieties of the boro crop'increased the demand for

fertilizers ‘correspondingly, which resulted 1in a reduction

in the excess supply of fertili;er in that period.

II1.6 Formulation and Testing of Hypothesis

On the basis of the findings stated thus far in this
chapter it is possible to formulate a hypothesis regarding
the nature of induced adjustment in the agricultural sector
of Bangladesh. Since no systématic trend was found in the

relative price movements of the agricultural outputs, any

.



test of induced output adjustment in Baugladeeh will -be
i inconclusive. Consequently, the test reported ‘here will

concentrate on induced input adjustment only.

To recapitulate, the study has so far 1dentified six
factors that merit some consideratlon before the application
of JLny formal test of induced adjustment. These factors

<
are:

(a) Rationality: Both the farmers and the public .

sector must respond to economic incentives.
- -

(b) Favourable trends in input ‘énd/or output
markets: This requires that at least some factor or product

~

should gradually become more expensive or cheaper to prov1de‘

the incentives for inducing the change.

(c) Communication between the farmers and the public
sector: This ‘builds pressurewgp the public sectet to sponsor
AREA aimed at induced innovation in agriculture.

(d) Growth of agricultural research under public
sector sponsorship: This is the wvital part of induced

technical change through which new inputs and technical

know-hows are generated.

(e} Appearance of new inputs and/or outputs: This
indicates that a new technology has been introduced and

accepted by the farming community.

-
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(f) Rise in agricultural productivity per acre

and/or per man: This is the ultimate objective of the entire

process of AREA and suppliies a measure of success for it,

In our analysis, we have observed that considering
the agricultural sector.of Bangladesh as a whole, three of
the above factors, namely, ‘'c', 'd‘,_and '*f' are almost
non-existent. Growth of modern inputs, however impressive
in percentage terms, is still negligible compared to the
vast area of nearly twenty nine millioc acres'but ccder

cultivation every vyear. About rationality, even 1if the

4

‘Farmers are rational, we could find no evidence of

fationality on the part of the public sector. The farmers,.

on the other hand, are unable to exercise their rationality

- as far as initiating research is concerned, since they are

‘constrained by the prevailing institutional arrangements.

Under these circumstances, thc nature cf technical change in
the agricultural sector of Bangladesh, if any, can hardly be

endogeneous in character.

It rather =seems more plausible from the analysis
that the public sector in Bangladesh sponsored AREA aimed at

the winter rice crop in particular, and supplied new inputs

‘intended to improve its cultivation. ‘In. that case the

application of induced input adjustment test is likely to

show better results when applied separately to the winter

rice «crop only. However, since such disaggregated data are
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not available, it was not possib;é to carry out sﬁch a test.
On the -other hand, it followﬁ that the application of any
test of induced adjustment onnthél-ag%icultural sector of
Bangladesh' taken ‘altogefherf ,whiéb d;es not meet thg

requirements sﬁgcifiEd aboye; shbuld result in poor reséonse
in terms of statistical quéiiéies  as ﬁas the case with
similar tests in France,. Egypt,. and Syria ‘repbrted in
Chapter 1II. Future work K in this section will test this

hypothésis against the empirical evidénce for Bangladeshi

agricul ture.

The test has been designed by folloﬁing the work of

Hayami and Ruttan described in Chapter II. It was observed

in that chapter that the test 1is not free from criticisms

and that more sophisticated tests for induced innovation
have been developed by Binswanger. However, given the lack
of  adequate’data, we have no other alternative than to fall
back on the Hayami-Ruttan tést. It may be mentioned that
the sophistication of the data.required for his many-factor
test prevented Binswanger from applying it even to Japan, a
country in possession of én enviable stock of statistical
inﬁormationl regarding herself. Briefly speaking, in the
Hayami-Ruttan test relative changes in the consumption of
various agricultural inputs, taken two at a time, are
regressed on the relative prices of the facfors. As‘such,

the regression equations employed by us were: :)
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(3.4} In(QFER/QLAND), _ , . p1n(PFER/PLAND)¢

+ cln(PMP/PLAND}, . 43n(PLAB/PLAND)¢t

} + error term

(3.5)  In(QMP/QLAB). . , 4 bln(PMP/PLAB)¢

+ Fln(PFER/PLAB)t + dln(PLAND/PLAB) ¢

+ error term

(3.6) In(QLAND/QLAB) y - 4 4+ bln(PLAND/PLAB) ¢
+ cln(PMP/PLAB}, . q1n(PFER/PLAB)t
+ error term /
where,
MP : mechanical power (defined earlier)
Qi : quantity of factor i consumed in periocd t
C 2 Pit : price of factor i in period t L

a; b, c, d

regre551on coefficients (they assume dlfferent
values in different equations).

The data for the analysis ?weré cbllecfed from
various 1issues of the Production - and Trade Yearbooks,
published by the F.A.0. as well as from various publications
of the government of Bangladesh. The period of study was

restricted to a span of fourteen years from 1960 to 1974.

]

The choice of this particular time period was guided by two

factors:

Q
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(a)‘In” Bangladeéth fhe- use of modern. Inputs’ was noé véry '
significant in the decade of the fifties. This suggested

that 1960-61 should be a good choice as the startihg ygér.

(b) The data_for some of the, variables were not available

2 ‘
.beyond 1973-74.

The results of the regressions are presented in

Table 3.12 below.

TABLE 3.12
RESULTS OF INDUCED INPUT ADJUSTMENT

TEST FOR BANGLADESH, 1960-74,

Egn. % . Regression Coefficients Durbin Watson R2

Statistics
3.4 a= 1,38 b= 1,16 2.08 .80
’ (0.91) (4.43)
c=-2.15 d= -1.,97

(-}1.83) (-4.23)

3.5 a= 2.17 b= -3.13 2,37 .20
(1.77) (=21.78) -
c= 2.0l d= 1.66 N
(5.07) (4.44)
3.6 a= .06l b= .004 2.88 .62
(2.43)  (1.10) :
c= -.0054d = .005

(-1.76} (0.78)

Figures in the parentheses are respective t-ratios.

From Table 3,12, it 1is evident that the changes in the



factor proportions in the agricultural sector of Bangladesh
.di1d -not take place in response to changes in their relative
prices.. ' Equations (3.4) and (3.6) indicate quite ﬁigh
degree of explanatory power in terms of the coefficient of
determination. Howevér; in these cases the perverse
responses of factor proportioﬁs to the changes in relative
prices raise doubts as to their validity. 1In equation (3.5)
the direct explanatory variable has the right sign and is
statistically significant. The explanatory power of the

equation, on the other hand, is low.

Tte analysis presented earlier in this chapter
suggests that .the prices of the agricultural inputs in
Bangladesh bear some relation to their scarcity value. In
such é_ situvation, the observed non-response or perverse
response of factor proportions to changes in relative factor
prices rejects the claim of endogeniety of technical
change in the agricultural séctor cf Bangladesh. At the
same time, these findings also support the hypothesis set to

test in this section.

ITT.7 The Public Sector and AREA in Bangladesh

We have seen that in the devloping countries the
role of the public sector in generating technological
break;hfodgh in agriculture 1is important. The findings

reported in Section III.4 indicate that the public sector in
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Bangladesh did not offer the country a sound proqrahme of
AREA, There the study focused on the.inadequacy of funds
invested in AREA. In this section we intend to show not onlf
that tﬁe funds invested in AREA were inadequate, but that

they were misdirected as well.

Throughout the entire period under study, it had
been the policy of the goﬁernments in Bangladesh to offer
fe}tilizer and other mechanical equipment to the farmers at
highly subsidized prices. From our analysis of the démand
for fertilizer in Bangladesh, reported in Appendix A, it is
found that the decision to subsidize fertilizer was a
welcome step. The appendix observes that despite a huge
potential demand for fertilizers the entire amount available
each vyear was not consumed by the farmers.29 This suggests
the use of subsidies to induce farmers into increasing their
application of fertilizer. At the same time it is alse
necessary to provide complementary inputs and ensure proper
water supply so that the farmers can efficiently use this
fertilizer. The fact that, despite the subsidy‘and a huge
potential demand for it, the fertiiizer market fin Bangladesh
is characterized by exceés supply shggests tﬁat the public
sector failed to provide an adequate supply of complementary
inputs.

? L . .
It may be mentioned that any attempt to popularize

fertilizer in a labour surplus economy is also consistent
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with attempts to reduce unemployment. The use of fertilizer
is not associated with any labour displscing effect, which
is a characteristiq of any form - of mechanical power. Oﬁ
the contrary, there is evidence that the use of fertilizer
may be labour using. Apart from -the fact that itg
appiication requires more labour there are certain cultural
practices assbciatea with the use of fertilizer, such as
weed control that -increase employment; These features
become more pronounced when fertilizer is wused with high
yielding varieties of seeds as they call for more attention
in terms of human care. It has been estimated by Mugtada
that the application of seed and_fertilizer under the high
yieldihg varieties programme 1in Bangladesh has increased

labour employment by thirty to fifty per cent.

v

At the same time the policy of the public sector to
provide tractors and tillers at subsidized prices and also
the policy of importing thése (and thus wusing up scarce
foreign exchange) reveals a major contradiction when viewed
in the context of relative factor endowments of Bangladesh.
It is evident from Table 3.3 that there is a considerable
degree of unemployment among the agricultural labour force
of the country. Since tractors, Sr similar forms of
mechanicai power, tend to replace human labour; the use of
tractors and tillers in the “agricultural sectors of labour

abundant countries has = created a great deal of
(
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g
controversy. 30 In the case of Bangladesh, one study by
Ahmed (1976) has shown that the use of tractor and tiller
technigues reduce laséur utilization by forty per cent iﬂ
the case of boro cultivation ané by twenty seven per cent in
the case of cultivation of the high ylelding varieties. The
authof also observed that the decline would h&ve been much
greater ‘but foa the re%atively higher 1labour inpufs for
bfe;tilization anﬁ\ weeding for which no adjustments were
made. Anothér intgresting finding of the study was that the
use of tractor/tiller technology was not assoclated with any
increase inlisga productivity.3l It may be mentioned that
in our regression equaﬁion (3.5), reported in the last
section, we also observed that the relationship between the
consumption of mechanical power and the wage rate |is
negative which 1indicates the labour displacing effects of
mechanical power in Bangladgsh. Interestingly, during the
early pﬁase of public sector intervention in agriculture,
Japan also spent huge amount of money on mechanization. But
she soon realized the mistake and turned éttention towards
the bio-chemical technology and achieved a high rate of

agricultural growth.32

Our earlier analysis has indicated that there is a
shortage of complementary inputs to seeds and fertilizers in
Bangladesh. In addition, the country has not developed a

sound indigeneous research system in agriculture. The
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& absence of sufficient financial resources 1is, no doubt, a
major reason for the sldggish pen{ﬁ;gshte in these areas.
‘Under these circumstances, the opportunity cost of using uﬁ
a portion of the fiﬁancial and foreign exchange allocations
in agriculture throfgh the imports of tractors and tillers
may be vei:“;}Eﬁ'relative to the benefits foregone. It is
high time that the éovernment should put an end to these
types of expenditures and lay more emphasis on the provision
of complementary inputs as well as in building wup an
efficien; system of agricultural research for the country.
‘The remainder_ of the thesis is devoted towards building a
model to serve as a quide to fulfilling ‘the 1latter

objective.

III.8 Summary of the Chapter

This chapter has been quite lengthy and warrants a
brief summary. In Section III.2 we have listed some qPrcgs
that help the process of induced innovation in agriculture
and named them the "internal features"™ of induced
innovation. This was followed by a section which identified
some direct evidences of technical change in agriculture.
To maintain symmetry with the earliér analysis, we called
these the "external features™ of induced innovation in
agriculture. The Iimportance of these features are quite

high in any empirical analysis of the subject. First, they
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-can be used .to 1nterpfe#e the. resulté emanating from any
formaldtest of induced adjﬁétment in agriculture. Second, a
careful study of these features may help us formulate some
hypotheses regarding the expééted results from tesﬁs Qf
induced adjustment in agriculture. The latter spproach has
been used in the present chapter. Sections III.4 and III.5
have examined both the internal and external features of
induceé technical - chaﬁge for the agricultural sector of
Bangladesh. The behaviour of most of these‘features‘were
found not conducive to induced innovation. On‘this basis,
we hypothesized 1in Section III.6 that any test of induced
adjustment in Bangladeshi agriculture will vyield poor or
negative fesults. The hypothesis was tested against
empirical data from Baﬁglade;h and was found acceptable,.
Finally, Section III.7 preseﬁted a critical appraisal of the
role of the public sector in terms of providing some of the

related services.

The purpose of the entire study, as mentioned
before, 1{s to build a quiding model for allocating funds to
AREA. As a step towards it, saﬁe of the characteristics of
agricultural technologies and of AREA are discuésed, inter
alia, in thé next chapter while the model itself |is

presented in Chapter V.
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FOOTNOTES TO CHAPTER III

~1. The expression "agricultural research and
extension activities appear many times throughout the study.
To save space and to ease the process of reading we have:
decided to refef to it in its abbreviated form: AREA.

2. In this and in the subsequent chapters, any
reference to Hayami and Ruttan will represent their entire
work related to induced innovation in agriculture which
appears in Hayami and Ruttan (1970, 1971 and 1973). 1In the
case of any particular reference the specific work involved
will be cited, .

3. See Hayami and Ruttan (1971), p.57.

4. The idea is similar to that of Uphoff and Ilchman
(1972) who suggested that the public sector should provide
leadership in organizing the farmers to press for research.
See Chapter II of our study.

5. A gain in productivity can be obtained from
sources other than induced innovation such as discovery of
fertile land, direct import of some technology_ which
accidentally suits the country (even though this may be
inferior compared to the gains possible through an appeal to
induced innovation).

6. The reason for this 1is that the agricultural
sector is dependent on the public sector in many ways.

7. Equation (3.1) is the form in which this test has
been applied in the literature. An equation similar to this
can be derived from the profit maximizing behaviour of a
farmer when he allocates a fixed amount of land, LF, to two
crops X and Y. If°W is the agricultural wage rate, the
supply functions for X and Y can be written as:

(3.7) 1nX a(0) + a(l)1n(PX/PY) + a(2)lnW + a(3)1InLF

(3.8} 1Iny

b(0) + b(1)In(PX/PY)-+ b(2)InW + b(3)1nLF

Subtracting equation (3.8) from equation (3.7) and assuming
a(2) = b{(2) and a(3) = b(3), we get

{3.9) 1In{X/Y) = e + £ 1n(PX/PY)
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which is similar in form to equation (3.1) of the main text.
For a discussion on deriving supply functions under the
assumption of profit maximization see Chapter VI.

8. A detailed analysis of various aspects of
farmers' response can be found in Chapter VI.

9, See Tables 6.1 to 6.3, in particular.

10. A discussion of traditional agriculture,

especially in the context of Bangladesh, is available in
Ullah (1974).

ll. Other things remaining the same, an encouragement
to produce any particular crop can_ come through the
provision of AREA toward that crop. Other measures of
directive control, especially 1licensing of cropwise land
allocation failed in the context of Bangladesh. For
example, the Bengal Jute Regqulation Act of 1940 empowered
the government to issue licenses for jute cultivation with a
view to regulate its acreage. This act was put into
practice in the then East Pakistan (now, Bangladesh) upto
1960, However, the Report of the Jute Enquiry Commission
(1960) observed that during 1947 to 1960, the actual area
allocated to Jjute exceeded that fixed by the licenses in
nine years implying that the law was violated while it was
quite 1low compared to the .licensed maximum in the remaining

four vyears indicating that the law was not necessary for
those vears.

12. The cropping seasons for wvarious rice varieties
and jute in Bangladesh are:

»

_.Crop Growing Period

- Aman rice April to August
Aus rice February to April
Boroc rice November to February
Jute March to May

The overlapping between jute and aman and aus crops.are
obvious from above.

13. Since most of raw jute of the undivided India was
grown in East Bengal (now, Bangladesh), these findings

implicitly describe the behaviours of the farmers of
Bangladesh.
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4, A comprehensive treatment of various econometric
terms used in this chapter can be found in Johnston (1972).

15. It may be mentioned that barring the city states
of Hony Kong and Singapore, Bangladesh is the most densely
populated country of the world. Even in the neighbouring
state of India the density of population per square mile is .
approximately 520.

16. Although no formal estlmate of urban unemployment
in Bangladesh is available, a recent study by Farashudd1n
(1979) indicates that it is quite high.

17. This term, common in international transactions,
stands for cost, insurance and freight. '

. 18. The farmer will have to assume that the subsidy
will continue in future years at the same rate.

19.. These were combined by assuming an average of 50
Borse Power for tractors and 15 Horse Power for power pumps
and tillers. These Horse Power figures were obtained from
various issues of the Bangladesh Agriculture in Statistics.

A 20. The adjustment coefficients were derived from the
study of Bose and Clark (1969).

21, These figures have been calculated from the data
reported in Kahnert et al. (1970), p.227.

22. Private research, especially 1in agriculture,.is
virtually absent 1in Pakistan and Bangladesh. It appears
that the committee report was referring to the research done
at the universities as private research. =

23, See the Report of the Joint Pakistan American
Agricultural Research Review Team, Islamabad, April 6, 1968.

24, Hayami and Ruttan {1971) have cited a specific
example of this in the context of Bangladeshi agriculture.
See ibid, p.B4. ‘

25. See Kahnert et al. (1970), Table 45, p.396.

26. See ibid, p.203.
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'27. Taka is the unit ‘of Bané\h eshi currency.
Currently one U.S. dollar equals approximatel 15,06 Takas.

£

28. This is reported: in Table A.1l in Appendix A.
29. See Table A2.2 in the Appendix A,

30. For an excellent survey of the controversy, see
Butler, Banerji and Yudelman {1971)..

31. See Ahmed (1976), pp. 361-63.
31. A brief discussion of this aspect of the Japanése

agricultural development = is provided in Chapter 1I
(Subsection II.3.2).
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CHAPTER IV
I NATURE OF AGRICULTURAL RESEARCH

AND EXTENSION AtTIVITIEé

L3
IV, 1 Introduction

In Chapter II we mentioned that technological change
in the agricul;ural sectoi has some special charactsrisﬁics
whigh, reduce the efficiency of the market mechanism in
ensuring socially proper allocation of resources to‘AREA.
Thé main purpose of the present chapter is to substantiate
this claiﬁ from both empirical-and theoretical points of
view. Section IV.2 draws evidence from Japan, atypical of
the coung;ies with heavy investments in various forms of

research and deveiopment, to indicate the actual existence

of differences in motivation between the private and the

public sector towards agricultural and manufacturing

research. Section IV.3 distinguishes between various forms
of technological change in agriculture 1in order to explain
the apathy of the private sector towards AREA. A schematic
model for AREA is develoﬁed in Section IV.4. Section IV.5
uses the arguments made in the preceding sections to justify
the need for public sector intervention in AREA while the-
next section presents some estimates of returns from AREA -in
various countries across the globe. Finally, Section IV,7

summarizes the findings of the chapter.

108
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IV.2 ° Public and Private Sectors ‘ ,

in ﬁeSearcﬂ and Development

Historicaliy;  ¥most"of the ‘indigehéous research
activities in indﬁstry .pmanatéd from private sector
initiatives while the bulk of agricultural research
operations were qunsofed by the public sector. T? keep the
-analysis brief, we refrain from making a detailed survey of
this pattern around the world and cite an-example from
Japan, a country thch has undertaken high levels of
i;véstment in research and development in both agriculture
and industry. " The data is presented for one year only,
1972, on the assumption that what happenéd‘in 1972 is
representative of similar events for other years as well.l
It has been estimated that about eighty percent of the
reseéfch expend@tureé’in the indﬁstrial sector of Japan in
1972 were spent by ﬁhe private sector against a mere six per
ic6nt by tﬁe public sector. The remaining fourteen per cent

were contributed by the universities. .On the other hand,

the corresponding figures for expenditures in agricul tural.
research in that year were: private sector, four per cent;

d - ’ * L3 »
public sector, sixty one per cent; and the universities,

thirty five per cent.2

The nature of research done in the universities and
that sponsored by the public s;étor are quite similar in the

sense that beth are usualiy motivated by non-profit
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considerations and the'outcome is made available to everyone
as a free or pubiie good.3 In addNtion, moét of the
expenditures for university research are fiinanced, difectly
or indirectly, by the public sector. As such, the research
done in the above institutions can be termed as non-private
or public sector resegrch. Under this interpretation_the
share of the public sector in total expenditure og
agricultural research in Japan in 1972 rises to ninety Six
per cent while only four per cent originates in the pr ivate
sector. For the industrial sector the corresponding figures

are twenty per cent and eighty per cent respectively.

The observed tendency of the private sector to
support industrial research heavily while neglecting the
agricultural sector supports the view that research and
subsequent extension work in the latter sector must have
some special characteristics that distinguish it from the
former. In the following discussions we shall look into the
peculiar features associated with AREA that discourages the

private sector and, hence,' calls for public sector

intervention.

Since the endproduct of the research system is
technical change, it is necessary to identify' various
components of techﬁical change in aggiculture, before any
meaningful analysis can be done. These components are

discussed in the next section.
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IV.3 Classification of Technologies in Agriculture

The relationships between research activities and-
technical change in agriculture can be expressed in a better
way if we can identify various components of such technical
change. One of the pioneering studies seeking to classify
technical changes in agriculture-is due to Heady (1949). He
believed that such changes are of two types: mechanical and
biological. Mechanica%_progress in agriculture has little
yield increasing effect and is aimed basically at savind the
labour cost of production, i.e., it ié labour saving in
nature.4 On the other hand, biological progress increases
the yield per unit of land and can be termed as land saving.
Sen (1959) employed the concepts of "labouresque" and
"landesque” capital while Kaneda (1969} divided agricultural
technologies into. "mechanical engineering technology” azg
"bio-chemical technology” respectively. These
classifications are similar te those of Heady, and need no

further discussion.

In thei; book, Hayami and Ruttan (1971) have
explicitly recognized three types of technologies (hence,
technological changes) in agriculture. These are:
mechanical, biological, and chemical. 1In addition, they
have mentioned a fourth type: cultural practices.
Improvements in mechanical technologies include innovations

like harvesters, tractors, and power pumps for irrigation.
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For the most part of their analysis, Hayami and Ruttan have
found it convenient to treat biological and chemical
technologies jointly. Developments in the latteé
technologies are 1identified by the appearence of hybrid
seeds and other improved ﬁlant matérials, new breeds of
cattle and various qezietiés - of feréilizers and
insecticides. Thef} however:, pointed out that the
distinction between these two broad types tdchnologies might
be overdrawn for the purpose of exposition. According to
them, not all mechanical innovations are motivated by the
incentives to save labour. They observed that in certain
instances Japanese mechanical teghnologies had some yield
increasing impact while the bio-chemical technologies in the
U.S. showed some evidences of saving labour. Nevertheless,
they concluded that historical evidence strongly supports
the commonly held view that mechanical innovations are
bésically labour saving with 1ittle effect on vyields,
whereas advances in bio-chemical technologies show a land

saving and yield increasing effect.

In his recent study of Argentine experiences in
agricultural develobment, De Janvry (op. cit.,) found it
convenient to identify four broad types of agricultural
technology. These are: mechanical, which includes tractor,
harvestor, and windmill; biological, which includes hybrid

seeds and cattle breeds; chemical, which refers to
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fertilizers, insecticides, and pesticides; and finally,
agronomic, which covers cultural practices and management
techniques such as crop rotatlon, perméﬁent pastures, forage
reserves, and fertility tests. These technologies can be
characterized in terms of their impacts on the marg inal
rates of technical substitution bétween capital, labour and

management and the levels of yield from land.

De Janvry followed the suggestions of Seckler (1970)
and made a distinction between "on 1line" management and
"staff" management. | The ‘former deals with the actual
directions of farm activities, while the latter refers to
decision making as a choice of activities and of techniques
such as investment decisions, financial and fiscal
gdministration, and commercial activities. The net effects
of each type of innovation on the employment of various

factors is described below:

Mechanical innovations raise the productivity of
labour mainly through permitting increases in the
availability of land per worker. By reducing labour costs,
they will alsoc reduce on-line management requirements,
Staff-management requirements, however, are likely to go up

as capital intensity of the firms will increase.

Biological innovations are fairly neutral with

respect to labour and management requirements. They are
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slightly capital using and moderately yield increasing when

used outside of complete packages of techniques.

Chemical innovations tend to increase the yield.
Basically they are 1land saving in nature and permit the
substitution of capital and 1ab6ur for land. However, they
are capital and labdhr deepening in the sense that they

require. both more on-line and staff-management per unit of

land.

Finally, agronomic innovations, according to De
Janvry, are labour and on-line management wusing and land

saving. They are also characterized by a strong yield

increasing impact.

It is hoped that our study will benefit from this
brief analysis of classification of agrL%;ltural
technologies on several counts. First, a knowledge:of the
special features of .« different types of agricultural
technologies, especially the attrihytes of the éublic good
nature associated with them, will be useful in explaining
the unwillingness of the private sector to sponsor the
research aimed at developing these technologies. Second, an
insight can be obtained on the employment generating
potential (of - labour in particular) embedded in different
types of technologies. Finally, as mentioned before, an

acquaintance with wvarious technolegical possibilities in
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agriculture will be of substantial
relationship between AREA and the
changes in agriéulture. Tﬁe next
in this direction as it presents
the main elements of AREA in the

countries,

help in compfehending the
concomitant technological
section is a step forward
a detailed discussion of

context of the developing

link between

two flow charts
which will be
public sector

agriculture. These will

IV. 4 The Process of Propagating AREA

In this section we shall present
describing an agricultural research system
useful in understanding the
research and technical change in
also help us explain the costs involved

technoiogies

developed from those

with some modifications.

The
out the

It is characterized by several

points in

the figure we

from another country.

presented by Sclo

first flow chart depicted

time to separate different

have identified four

in the transfer of
These charts have been

and Rogers (1972)

in Figure 4.1 traces

general features of an agricultural research system.

il

stop actions™ at discrete

stages or steps. In

stages and nine major

flows in the process of propagating AREA.
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Researcher (Develops new technology)
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3.Needs & Money 4.Innovations 9.Feedback
& Money
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Financier (Sponsors costs of AREA)
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2.Needs 5.Innovations 8.Feedback

(Free or Sale)

Changing agent (Link between client and financier)

A
1.Needs

6. Innovations

. (Free or Sale)
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AN\

7.Feedback

Client (Feels need for change and adopt new technology)

Figure 4.1

A Flow Chart Describing AREA

¥
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The stages shown in the figure are:

(1) Clients : They are the people at the grass root level-
who recognize the need for research ﬁo bring about a change
.in technology. This leads to the beéinning of the research
' process. At the end the c¢lients adopt the innovations

coming out of research.

(2) Changing agents : They perform the important function
of translating the clients' needs to the finqnciers willing
to undertake the costs of research. They a;é also
responsible for diffusing the innovations among its ultimate
users., In other wprds, they afe the people entrusted with

the extension component of AREA.S

F

(3) Financiers : They perceive the usefulness of bear ing
the expenditures of research either to make a profit or to
increase the level of social welfare. Depending on their
motive, they also sell the research outcome with a mark-up

or at a nominal price.

(4) Researchers : They create and/or develop research

results which are then utilized (also by them) to generate

innovations.
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The communication flows numbered in the figure are expléined

below:

Number 1. Flow of the client needs (for information) to

the changing agents.

Number 2. After initial interpretation and
classification, these needs are transferred to the

financiers for approval.

Number 3. The needs are transferred to the researchers

with necessary funds.

Number 4. Researchers attempt to provide needed
information for clients either from accumulated knowledge or

via research and they hand these over to the financier.
}

Number 5. Depending on the motive, the financier either
sells the innovations to the changing agents or supply these

3t a nominal price.

Number 6. Changing agents distill and interprete this new

information (innovation) for clients.

Number 7. Feedback from-clients to changing agents on the
adequacy of the new information in fulfilling their needs.

*

Number 8. This flow is essentially same as Number 2.

Number 9, This flow is essentially same as Number 3.
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It should be mentioned' that the above is a very

simplified model of the process of AREA. 1In reality, the

number of flows may be much larger. 1In addition, some of

the stages may overlap in the sense that the same agency may
perform different fuhctions. It is possible to intfoduce
such modifications into the systenm. The chart can then be
used to build a comprehensive model for investing funds in
AREA, This, however, would require considerable amount of
primary data not available to us. Consequently, we have
built an alternative model with the same objective in mind

which is presented in the next chapter.

The other flow chart presented below takes a
different view of the research system which may be more

relevant for the developing countries. It is represented in

Figure 4.2,

a
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Figure 4.2 The Research System in a Developing Country

Figure 4.2 is characterized by tbree types of flows. These
are horizontal, wvertical, and ldiagonal flows. Horizontal
flows describe cross-national communication of research
outputs. Various analyses of the communication behaviour of
scientists suggest that these inforﬁation flows face little

resistance apart from those of a cultural and spatial

nature.6 Vertical flows stand for the conversion of chL

outcome of research into technological 1innovations an
operating practice. The main elements of this flow have
been described in the research utilization diagram of Figure
4.1, The resistance encountered in this flow is much
greater than the horizontal flows as it is concerned with
various ,heterogeﬁeous groups of ©people. Diagonal flows
represent cross-national flow from research t3 the next

stage in line. They encounter both types of resistance
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faced by the horizontal and vertical flows and, as such, are

-

least powerful in terms of effectiveness.

Considering Bangladeﬁh as a typical example of the

* developing countries, we find that the common trend in such

countries is to by-pass the vertical flows, hence the entire
process .described in Figure 4.1 along.with all of its
merits. These countries maiﬁly rely on diagonal flows in
the sense that they tend to bérrow or copy the outcomes of
research of the developed countries. Both the theorefical

arguments of Ahmad (1966) and the empirical findings of the

last chapter suggest that this choice of the easy route to

technological progress may be ineffective.

V.5 Sponsoring Research in Agriculture

In the préceding sections we have examined-the
poésible avenues along which agricultural technologies can
develop and described how this dévelopqent is related to
AREA. Indigeneous research has been found to be a key
element in bringing about progress in the state of
technology. It is possible to identify three sources which
can finance the costs of AREA. - These sources are:
(a) owners of the firms- that will apply ‘the improved
technology, (b) private intermediary firms ‘which may sell
these technologies for profit, and (¢} the public sector

which might be interested in improving the technolpg& for

-
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thé economic development of the.country concerned or'may be
forced to do ;;“ bY various‘préssure’ groups described in
Chapter III. Historical evidenceé, ‘cited at the beginniAg
6f the current chapter, show that. in the case of
mangfacturing sectors- a significant p:opbrtion of research
originated in their owﬁ. firms. The majof._industrial

concerns of the western world are known to set aside a

portion of their annual allocations for research’ and

development activities. The reason for taking such active ..

interest in research is, of course, the familiar profit
motive. Through successful research dperations, they hope
to lower their cost of production or supply new improved

products into the market.

Unfortunately, profit incentives, which prove to be
the dominant force behind industrial research are not
sufficient to generate a similar level of research in the

agricultural sector. The primary reason for this is the

fact that the Tamount of resources involved in the

agricultural operations of individual owners is much lower

compared to the manufacﬁuriﬁg sector. Under this situation
the farmer or even a group of farmers hardlyrfind the
expected ;éturns attractive enéugﬁ te justify massive
investments in research. It is interesting to note,
' however, that those technological innovations that could be

,achieved without too much expenditure in research, did occur

sda

¥

C
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thréugh theminitiative of the farm entrepreneurs as soon as
their heedgg’Wére felt. A classic example of this is the
nature ‘of’ 'agéari&n changes in eighteenth centu;y Englénd.
Faced with a fall in land productivity, the farmers quickly
adopted improvgd cultural practices (agronomic innovétion;”

I
'
!

by our defini&ion), such as new methods of tillage and
l -

drainage and rPtation of crops, which led to an increase in

productivity.7 |

The | égricultural ‘sector fails to benefit
substantially from the second source of research
sponsoréhip, némely, private firms supplying technologies,
as well..* Such firms are essentially suppliers of new and
improved inputs to the users. The reason for their lack of
interest in agricultural production activities 1is that in
most of the cases it Eeqomes very difficult to establish
exclusive righté to their.inventions.e Agricultural inputs
which can be marketed with 1little difficulty are tractors,
power puﬁps and the 1like. For this reason most of the
private sector research aimed at the agricultural sector has
been channeled toward ﬁechanical technology. The use of
such equipment . may be consonant Iwith ‘the economic
environments of.a relatively labour scarce country, but the
attempts to push similar research or its outcome into a

labour surplus economy is likely to introduce distortions in

the optimal choice of factors.9 Another input that has
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feceived some attention from private €£irms 1is chemical
fertilizers. However, the incentives of private firms to
- innovate and sell improved varieties of fertilizerS'héve
been reduced 'by the fact that from the farmer's'point of
view the use of better fertilizer by itself does not raise
the proqgctivity level. The farmer's desire to buy such
fertilizers depends, to a great extent, onlthe availability
of complementary inputs, such as high  yielding 'seed
varieties, which will not be developed by a.market—bfiented,
profit-maximizing firm for the reasons described earlier in

the text.

Thé end result is that investment in seed research,
which has been one of the key elements in bringing about
sharp increases in the agricultural productivity of the
developed countries did not materialize through the
initiatives of the private sector. This naturally places
more emphasis on the 1last source for sponsoring researh
activities ' in agriculture, the public sector. Obviously,
the public sector may be motivated by a broader motive of
over all ecoﬁomic progress. In this ﬁew framework induced
innovation can be viewed to take place not only in response
fo changes in market. prices but also.in direct response to
changes in resource endowments without the intermediating

influence of market prices.
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IV.6 Empirical Works on Measuring Gains from AREA

iV.G.l Introduction

Throughout the entire discussion we have repeatedly
claimed that {investment in AREA is a crucial step towards
the attainment of technological change in agriculture, 1In
this section we intend to establish the 1link ‘between
agricultural research and growth in the agricultural sector.’
from an empirical viewpoint by analysing the experiences of
various countries- and agencles engaged 1in agricultural

research.

Economists. have attemﬁted to measure the benefits

from agricultural research in various ways. These may be

broadly classified into four categories:

(a) Public relations approach,
(b) Index number approach,
(c) Internal rate of return approach, and

(d) Production function approach.

A detailed discussion of these approaches is presented below

in four separate subsections numbered IV.6.2 to IV.6.5.

IV.6.2 Public relations approach :

This approach incorporates those works where what

research has accomplished and/or what it is expected to
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accomplish in future is deécribed in general terms. Most of
" the government documents on AREA fail in this caﬁegory. The
works of Chandler (1975) ‘and Anderson (1875) seeking t6.
explain the tremendous success in research achieved by two
international agencies of long repute, namely, the IRRI and
CIMMYT (International Maize and Wheat Improvement Center,

Mexico) are also of this nature.

The study by Evenson and Kislev (1969) on research
ind changes in productivity in sugarcane cultivation‘éfound
the world can also be said to follow the puﬁlic relations
;pproach. Certain findings of their work are highly
interesting and implicative for our present study. They
observed thétl Indonesia was one of the. pioneers in
- initiating research 1leading to improvements in sugarcane.
This was followed by similar research in other areas such as
Hawaii, Louisiana and Florida in the U.S.A., Puerto Rico,
India, Australia, and the British West Indies. As a result,
all these countries experienced a steady gain in the yield
from sugarcane production.l0 On the other hand, Cuba was
the only major sugarcane producing country which failed to
develop a substantial research capability énd, hence,
experienced a continuous decline in ;ields. The policy of
the Cuban government was to use the research experience of
Florida, which evidently failed. Another interesting

finding of their study 1is that Indonesia experienced a
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decline in vyields since 1942, The reason for this is the
outbreak of the Second World War and the Indonesian
Revolution of 1945-49. Following = these disturbances;
Indonesian sugarcane cultivation was disrupted and her
agricultural- research system was destroyed as a symbol of
colonial exploitation. After thiS,IInddnesia_did not build
vp an efficient research base ag;in and continued to face
.yield declines.ll This clearly supports our basic
contention that continued indigenous research is vitally
essential for achieving .and maintaining a high level of

agricultural productivity.

IV.6.3 Index number approach :

The pioneering work in the morelquantitatiVe methods
of evaluvating the 'returns_ to investment in AREA can be
attributed to Schultz (1953) and Griliches (1958,1964). The
former is responsible for developing the index number
approacﬁ while the latter should be credited for the
initiation of the internal rate of return and the production
function approaches. Schultz calculated the value of inputs
saved in U.S. agriculture resulting from improved, more
efficient production ‘techniques. Us;ng a conservative
estimate he found that output per unit of input was thirty
" two per cent higher in 1950 than in 1910. The total saving
in the wvalue of inputs in 1950 was estimated to be $9,600

millions which was substantiaily greater than even his
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largest estimate of $7,000 million spent on AREA from 1910

to 1950.

Peterson (1971) applied Schultz's technique to the
comparable data extended upto 1967. He also corrected the
over-statements in the costs of AREA assumed by Schultz.

His findings are reported in Table 4.1.

TABLE 4.1
CONTRIBUTIONS OF THE AREA IN THE U.S., 1910-67

(In Millions of U.S. Dollars)

Period Total Research Bill vValue of Inputs Saved in

1950 1967 1950-67

1910-50 (a) 3,757 10,110
1910-67 9,457 _ 25,904

1950-h7 + 5,700 337,000

a: Presents Shultz's figures corrected by Peterson
Source: Peterson (1971)

IV.6.4 Internal rate of return approach :

Most of the empirical work on agricultural research
and productivity has followed this approach.l12 The internal

rate of return may be defined as the rate of interest that
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makes the accumulated present value of .the flow of costs
equal to the discounted present value of the flow of returns.
at any given point in time. Mathematically, it ié
calculated by solving the following equation for 'r' through

the method of itération:

4

(4.1) = R)-C(t)I/(1+n)t = o
t=0

where,-
r : internal rate of return
R(t) : gains from research in period t

C(t) costs of research in period t

n : length of the programme.

The gains from research have been calcula;ed in two
alternative ways: namely, wvalues of the input saved and
total changes in consumer and producer surpluses on account
of the shifts in productivity. The findings of the majo;
studies in various countries of the world are presented in a

summar ized form in Table 4. 2.

It is clear from Table 4.2 that the internal rates

of return from investing in AREA had been very high in
almost all the cases. Compared with tﬁe plausible values of
rates of interest 1in these countries, investing funds in
AREA appear to be a very lucrative proposition. The only

exception to this generalization 1is the fact that the

&
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TABLE 4.2

INTERNAL RATES OF RETURN FROM AREA

Study Year Country Product Period I.R.R.
Griliches (58) U.S.A. Hybrid Corn 1940-55% 35%-40%
Hyb.Sorghum 1940-57 20%
Tang (63) Japan Agr. Sector 1880-38 35%
Petersen {67) U.S.A. Poultry 191560 21k-25%
Evenson (6B8) U.S.A. Agr. Sector 1949-59 47%
Barletta (70) Mexico Wheat 1943-63 90%
1943-63 35%
Crops 1943~63 45%-93%
Schmitz & Seckler(71) U.S.A. Tomato 1958-69 378-46%(a)
harvester
. 16%-28% (b)
Ayer and Schuh {(72) Brazil Cotton 1924-67 77%-110%
Hines {(72) Peru Maize 1954-67 35%-40% ()
508-55%(d)
Hayami & Akino (77) Japan Rice 1815-50 25%-27% {e)
' : 1830-61 73%-75%(£f)
Hertford et al. (77) Colombia Rice 1957-72 60%-B2%
Wheat 1953-73 11%-12%
Soybean 1960-71 79%-96%
Cotton 1953-72  Nil
Peterson et al. (77) U.S.A, Aggregate 1937-67 34%-51%
Kahlen et al. {(77) India - Aggregate 1960-73 63%

a: Assuming no compensation to displaced workers; b: assuming

such compensation equal to 50% of their earning; ¢: for maize only;
d: including maize research and complete package; e: before
Assigned Experiment System; f: after Assigned Expt. System.
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internal rate of return from research in cotton in Colombia
turned out to be zero. The authors of that particular stpdy
attribute this resulé to the tendency of cotgon-researchers‘
in Colombia to try to import and apply varieties developed
in the U.S.A, This adds additional support to our claim

that local research is the best possible way to bring about

an increase in agricultural productivity.

IV.6.5 Production function approach :

In this approach, the authors attempted to fit an
agricultural production functioh-taking annual expenditures
in AREA as a variable input. Griljches (1964) estimated an
aggregate agricultural production function for the U.S.A.
and found that between 1949 and 1959, the marginal product
- of expenditures in AREA was second only to fertilizers and
was higher than the marginal products of machinery, labour
and other factors of production. He concluded by observing
that "A new variable, public investment in research and
extension .is introduced and found to b&both 'significant'

and important as a source of aggregate output growth" .13

Evenson and Kislev (1973) evaluated the performance
of the IRRI and CIMMYT in sixty four whéat growing countries
and forty nine maize growing countries tq‘determine the
effectiveness of agricultural research and observed that

"...there 1is a strong and persistent relationship between
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agricultural research and biological productivity yield in
wheat and maize...indicate a ' high pay-off ﬁo research
work" .14 They used research publications as a proxy fo;
research expenditures and found that direcé contribution per
publication in whe;% ranged from U.S.$14,308 to U.S.$64,634
while that in maizg varied from U.S.$7,575 to U.S.$74,094.
In addition, théy also calculated the contributions
emanating from accelerating borrowing and- other sourees.
The most important finding of their research is that there
is no substitute for indigenous research and that without
this, simple borrowing of technologies can be of little

use ful ness,

Finally, in a ‘study of the Indian system of
agricultural research Evenson and Jha (1973) found that the
major determinant of productivity change 1in 1Indian
agriculture was her agricultural research system. They also
found that the social rate of return from investments in
agricultural research was far in excess of those realized in
other development activities. The marginal contribution
from fhe investment of Rupees 1,000 in research was the
generation of an income stream ranging from Rupees 7,960 to
Rupees 10,650 in cases of state research and Rupees 800 to

Rupees 3,100 in cases of regional research outside the

state.l15,16
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Iv.7 Summary of the Chapter

The arguments presented in this chapter support the-

view that although the returns from AREA have been very high

in different countries of the world, the farmers do not have
any motivation to initiate such research on their own. The
main reason for this is that the gains to individual farmers
from agricul tural research are not 1ike1y to be sufficient
to cover the costs. Similarly, private firms are also less
enthusiastic to enter into agricultural research operations
as it will be difficult for them to estabiish exclusive
rights to the products of such research since these prqducts
possess the characteristics of a public good. This suggests
that the public sector should come forward to sponsor AREA
as a whole to realize benefits for the entire economy. Once
this point is accepted, the next question is how should AREA
funds be allocated among various agricultural operations.
The subsequent chapters of the thesis seek to find a general
solution .to the problem and apply the knowledge gained

thereby to the agricultural sector of Bangladesh.

e e e
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FOOTNOTES TO CHAPTER 1IV-

l. It. may be mentioned that although 1levels of.
research. and development investment may change cyclically,
the composition should be fairly stable for a mature economy
like Japan. !

. 2. See Hayami and Yamada (19¥8).

3. The theory of public finance defines a public
good as one for which it is difficult to establish property
rights and the consumption of which does not reduce the
consumption of others. Technical knowledge or hybrid seeds
produced through research clearly possess these features.

For a detailed discussion., of public goods see Buchanan
(1968). ‘ -

4. Although not explicitly mentioned, these articles
seem ‘to take the literal meaning of the term ™ 'i'th factor
saving" as some change that reduces the employment of factor
vi', Cur study also uses the same interpretation for the
term "factor saving".

5. It 1is possible, of course, that the changing
agents  for the wupward and downward flows constitute
different sets of people. '

6. A corroboration to this statement can be found in
Solo and Rogers (1972).
: 7. For a discussion of changes in English
agricultural and cultural practices, see Timmer (l§§9), PP.
375-95. '

8. Even 1If property rights could be established by
making genetic changes in seed varieties that prevent seed
dupl ication, such rights may not be allowed as it might lead’
to the creation of monopoly power among. the firms concerned.

9. A pertinent example of this type of distortion
has been provided by Sanders and Ruttan (1978) - in the
context of technological change in the agricultural sector
of Brazil. :
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10. For a. further breakdown of these yield changesy
see Evenson and Kislev (1975), pp. 46-47. |

ll,‘fhese historicél facts are described -and
explained

in Barnes (1967), Geertz {1966), and Rosenfield
(1955). ’ . )

12. "Two closely related concepts, namely, the
external rate of return and the

benefit-cost ratio from

- research have also been reported . by some authors.

In this
study we have quoted the internal rate of return whose value
is quite low compared to the external rate of return.

13. See Griliches (1964), p. 972.

14. See Evenson and.Kislev (1973), p. 1324,

15, Rupee is the Indian

unit of currenéy,_
approximately equal to U.S.$0.12.

16. Regional research is defined as the research done
in other states with similar geo-climatic features.



V.1  Introduction

" CHAPTER V
A COMPLETE ALLOCATION MODEL FOR AREA

From the discussions presented-to this point two

general conclusions stand out:

(a) Returns from investments in AREA are very
high, and . -
d : ) -
(b) Failure to-recognize the importance of AREA may

have contributed to the podr performance of the agricultural

sector of Bangladesh in terms of gains in producti¥tty.

It is encouraging to note that even though the
amounts of funds allocated to AREA 1in Bangladesh was very
low in the past, ‘recently the government has paid more

attention to ‘the problem.l Nevertheless, both the

. ggovernment itself as well as a study group from the

-

International Bank - for Reconstruction and Development

{popularly known as the World Bank) have observed that the

co-ordination among various research agencies in Bangladesh
is missing and that there is a marked absence of priority
considerations among the different programﬁes of

agricultural research.2

The findings reported above underscore the

-

136
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importance of esﬁablishing proper priorities among various
research and extension programmes. The fact thaﬁ.rgturns
ﬁrom investments . in éuch opefations-”arg'highly'a;tractvé
does not preclude phé eénsideration- of‘éllocation of such
resourées from_amonéjifs alternatives. Technicai progress
in- agriculture, as we have seenJTiﬂ dhaéter IV, can proceed
along different ﬁaths, each having different impacts on
'égricultural productivity, on the employment of factors, and
on the distribution of income among diffefent groups of
people. Cdnsequently, a plénner with funds to invest in
AREA 'must analyse tﬁe several questions before téking any

decision. These are:

(a) Whether the objective of “AREA should be to
develop new inputs or to improve the quality of the odtputs,

or both? g '

(b)~Depending upon the answer to the first ques;ion,
which of the inputs and/or outpuﬁs_shall be included in the

programme for research and extension?

(c) How much:  money shall be spent in each of the

inputs and/or outputs selected for AREA?

(d) what are the possible distributional effects
resulting from improved production techniques, if the

programme proves to be successful?
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It should be pointed out that the implications of
the above questions ‘become more pronounced for a country
faced with a restricted‘supply of both financial and human
resources for AREA. Obviously, this is a major problem for
most of 'the developing countrles. In view of these
consliderations we pfopose to pfesent, in this chapter, a
formal model for allocating funds for AREA keeping the above
issues in the forefront. The chapter is divided into six
sections. In Section V.2, we discuss the firsﬁ question
mentioned above and show that fér the agricultural seétor of‘
a land-scarce country, in particular, the distinction
between input and 'output to be developed through AREA is
irrelevant. Section V.3 turns to'a brief feview of studies
by others which are,related to our model. Some important
" theoretical concepts relevant to the model are discussed in

Section V.4, while the model itself is presénted in the next

section. The chapter concludes with a summary which appears

in Section V.6.

V.2 Input versus Qutput Choice

The purpose of this section is to resolve one of the
questions posed in the introduction of the present chapter,
namely whether to develop inputs or outputs throﬁ@h AREA,
Tﬁe arguments developed here show that for technological

developments in the agricultural sector the choice is
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generally made concurrently.

We have alreédy observed that techﬁicai progress in
any sector or industry can proceed in £wo directions. There
may be improvements in the quality of the product in
response to changes in consuﬁers' demands. Alternatively,’
it is also possible to have improvements in the quality of
the inputs used in production process. Empirical suipport
for both types of technical progress have been provided in
the 1literature cited in Chapter 1II. Once.the existence of
the twin directions of technical change are recognized the
problem of allocating funds for investment in AREA becomes
‘relatively more complex as more variables with diverse
characteristics have to be cpnsidered in the decision making

process.

. The problem, however, is not so serious for the
agricultural‘ sector. Apart from a few general innovations,
like tractors, most of the input innovations in agriculture
are also uniquely linked with some pafticular'output. This
relationship is most pronounced for seed-based technologies
where the development of any seed variety automatically
takes the output of a particular crop for granted. For
land-scarce countries, advances in the bio=chemical
technology have a distinct advantage over similar progress.
in the mechanical . technology as the former alleviate the

" constraint on productivity impoéed by the lack of land.
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Under competitivé ‘conditions, ~the scarcity of any factor
‘relative to another is reflected in the trends in the ratio
of prices between them:.the ratio should incrgage if the
price of tﬁé scarce factor is in the numerator and vice
versa. The same conclusion holds good in an imperfect
economy proviéed the degrees of monopoly are same in the
relevant markeés. Consequently, the simple test of
analysing - the tfends in factor brice ratios can be used to
aete;mine: the nature of relative factor scarcity in any
country“'g isfying either of the above conditions. This
information can then be utilized ¢to find out the most

appropriate input saving directions for AREA.

For Bangladesh, in particular, the trends in
relative factor prices reported in Table 3.4 in Chapter III
clearly suggest that over time 1land is becoming relatively
scarce. * This calls for an advancement in the bio-chemical
technology to suit the prevailing relative factor endowment.
Historically, the advénces in this technology have been
mﬁnifested through innovations in high yielding varieties of
seeds. On account of the arguments placed above, the
question of selecting between inputs and outputs as the
object of innovation loses its significance for the
agricultural sector of Bangladesh. Like most- of the
countries striving towards advances in the bio-chemical

technology, these choices will be made simul taneously in
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that country 1f she attempts to develop the'appropridte

technology.

As the present study is maiﬁly concerned with the
analysis - of technological innovations in the agricultural
sector of Bangladesh, the’model developed here is based on
the premises that appropriate choice of input and‘output are

'made ”simultaneously. This, however, does not restrict the
overall applicability of the model. Scarcity of cultivable
land is a major problem in many countries of the world. Even
the land abundant countries iIn many cases find it
édvantageobs to develop high yielding seed varieties.3 1In
addition, certain other types of technological innovations
in agriculture, - like harvesting machines, which are
basically 1labour saving, are also developed with some
specific crop in mind. The analysis of investment decisions
for AREA for these situations can also be carried out

through the use of the model developed in this chapter.4

V.3 A Review of Related Studies -

Even though the model developed here is the first
complete model built to determine the optimal allocation of
funds to AREA and t§ analyse its consequences some ‘previous
studies haae analysed the ex post effects of technical
change in the agricultural sector.5 The ex pést analytical

framework differs substantially from the ex ante allocation

-
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model presented here. Nevertheless, the ex post works still
constitute thé basis of our model and the development of its
benefit functions were to some extent influenced by them. A’
review of the méjor élements of these studies and their
rglevance to our model is the subject matter of Ehe present

section.

Griliches  (1958) first applied the concept of -
economic surplus to the estimation of the benefits from
investment in AREA. He also estimated rthe shares of
producers and consumers in the total benefit. Griliches!
study was concerned with the effects of investment in
research and extension 1in hybrid corn varieties in the
U.S.A. He assumed linear supply and demand curves and
util ized alsecondary source estimate for the elasticity of
demand parameter. No attempt was made to get an estimate of
the elasticity pérameter for éhe supply function. Instead
he wused two extreme values for it, zero and infinity, which
specify wvertical and horizontal 'supply curves respectively.
Griliches found several estimates of the "shift parameter"
for the supply function and used the lowest one among them
to be on the conservative side.6 With the help of these
parameters and the concepts described in Section V.4 below,
he wag* able to derive mathematical expressions to'measure

different types of benefits emanating from a technical

change %i¢agriculture and to estimate them empirically with
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actual data.

Peterson (1967), Barletta (1970), Ayer and Schuh
(op. cit.), and BHayami and Akino (1977) have used models
based on Griliches' framework to analyse the effects of
technical change in wvarious _ agricultural crops or
activities. Their formulii are more complicated because
they introduced positively sloped supply curves. In
addition, they also modified the 1linear functions used by

Griliches, 'by introducing non-linear demand and supply

curves. /—"

The 'general features of all of the works mentioned
above are as follows: Starting from an equilibriuﬁ market
condition for a commodity which has benefitted f£from
investments in AREA, the hypothetical supply curve which
would have existed in the absence of the reséarch induced
shifts is estimated. ,The different areas bounded by the two
.suﬁsly curvés, the demand curve and horizontal lines through

the actual and hypothetical equilibrium points are then

measured to calculate various expressions for benefit.

One 1limitation common to all of the studies, except
that of Ayer and Schuh, is that thefr authors ﬁave either
expanded various exponential expressions for benefits by
mathmematical formulii and dropped the terms containing

higher exponential powers (of the shift parameter) or have
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resorted to other simplifying approximations to measure the
relevant areas. Such an approach> obviously results in an
imprecise estimate which may‘not be serious in an analysis
involving a single commodity. But where several commodities
are involved (as in the present study), the degree of
imprecision may be different for different crops, depending
on the ghrvature of the respective deﬁand and supply
functions which will affect the results of a comparative
study more seriously. In addition, thése studies are
restricted to closed economies and do not consider the
effeets of supply chanhge; for any c;op, by a country which
operates within the framework of an international market.
Due to the factors described above and due to the fact that
these are concerned with ex post analysis, the models
described above are not capable of dealing with the problem
of ex ante analysis of AREA invdlving several crops where

all or some of these are traded in world markets.

Ramalho de Castro (1974) applied the ex post
framework described above to "~ an ex ante analysis of the
effects of a postulated technical change in agriculture. He
observed that there is a tremendous potential for achieving
benefits from technical change in the production of most of
the prominent crops across Brazil. He was interested in
finding out what would happen if there was a gain in

productivity in each of these crops and to rank these Grops

ot
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in terms of gains for the purposé bf allocating funds for
agricultural research. He specified 1ingar demand and supply
curves with finite- slopes and postulated a hypothetical
supply curve by assuming an arbitrary ten per cent shift in
all supply curves due to postulated technical progress. On
the . basis of the above specifications, he built a model to
calculate the gains accruing to consumers and pProducers and
leftlthe task of allocating research funds among these crops

open to the planner.

The idea implicit in the work of Ramalho de Castro
is of great importance. He has demonstrated that
traditional models for analysing the effects Sf investments
in AREA can bé modified to get an ex ante model. However,
his model failed to take several impbrtant factors into

consideration.

First, he has used linear supply and demand curves
(without any theoretical or empirical support for such
specification) but did not allow for the fact that the
measurements of elasticit;es vary over the range of-such
curves. He has also used the concepts of arc and point
elasticities interchangably in developing his model paying
little attention to the discrepancy that exist between these

two measures.

Second, he has recognized that some of the Crops
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considered are exporﬁ crops for Brazil, but hé did not
present any formal model . to. deﬁl with these crops. 1In
particular, he did\ not include coffee into the analysis
because "...the relative importance of Brazil in world

markets complicate the analysis and caused wus to drop it

from consideratfon.*?

Third, another serious shortcoming of the model of
Ramalho de Castro is that it bhas failed to incorporate the
costs of research and éxtension activities into it. As a
result, his model has little usefulness to a planner seeking

to maximize returns from a given amount of investible

-

resources.

In view of the above considerations, we believe that
Eﬂﬁre is 'a great need for bdilding a complete model for
determining the priorities in the allocation of funds for
AREA. The modgl presented in Section V.5 has been
specifically developed keeping these objectives in the
forefront. It has been cast in a framework of constant
elasticity of demand and supply curves since our empirical
work with the data of Bangladesh, reported in Chapter VI
below, 1indicates that the non-linear constant elasticity
specification for such functions ei;her perform better than
or compare favourably with the linear specifications of
supply and demand relations. This istjnot a restrictive

assumption and the entire model can easily be modified to
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incorporate linéar functions. The surplus has been computed’
with. exact integrals, so that the Jnly approximation is the
specification of the- functional %orm‘s“in place of ‘true
relations. Unfortunately, this problem is common in any
form of econometric work which seeks to generalize from
observed phenomena. We also allow for the possibility that
the crop under study may be traded in th(’world market and
fogus on both the cases where such trade may either aﬁfect
the world price level (implying that the country is a major
seller or buyer of the commodity) or may not do so (implying
that the  country is relatively small). Another important
feature of the model is that it takes the cost aspecté of
AREA into explicit consideration; The. incorpbration of
costs turn it into a formal optimizing model, whére
allocation decisions are made according to marginal
principles. finally, it should be mentioned that in order
to retain its practical usefulness as an operative model, it
has been formulated in such a way that all the data needed

for it are qpantifiable.

V. 4 The Concept of Surplus

In this section we intend to present a brief review
of the concept of an economic surplus which piays an
important role in our model, specially in the development of

its benefits functions. Since its inception, numerous
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debates have arisen among economists over the theoretical

validity of the concept.  However, there 1s still no

consensus among them at present on Meither its validity or

its wusefulness in economic analysis. The present model is

developed in the tradition of those of its predecessors,

cited in the last section, which' have used the concept in

its present form without getting into the details of the
W : .

theoretical controversy.

The concept of ecopomic surplus can be analysed
better in terms of its two major components, namely,

consumers surplus and producers surplus.

A. Consumers surplus ad

The notion of consumers surp1u§ was introduced by
Dupuit (1844) bver a century ago. It was developed and
brought into the current economic 1literature by Marshall
(1920), Hicks (1940) and Mishan (1976).8 The basic idea of
the concept is to measure the ?ifference Bé%yeen the amount
a consumer i{s actually paying for a commodity and the

max imum amount he is willing to pay for it. This is

illustrated with the help of the following figure.
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Figure 5.1 The Consumers Surplus

-

In Figure 5.1, DD represents a - usual ﬁarket demand curve,
showing the maximum prices a consumer would be willing to

: A
pay for successive, additional' units of a commodity.9 If he
were forced to pay such maximum prices up to the point where
~he had purchased, say Q(1) units, he would have made a total

expenditure equal in value to the area under the demand

‘durve, DD, and to the left of Q(1) which is equivalent to

the -area denoted by a+c+b. 1If, on the other hand, he were

to purchase the Q(1) units on the market at a single average
price of P(l) units, he would save a value equallto the area
under the demand curve above the price line P(l)\which equal
the area 'a'. 'This saving is technically referred to as
"consumers sufplus'.' Extending therconcept further, a fall
in\/the prices from P(l) to P(2) will bring about an
additional consumers surplus of the magnitude 'b+c' to the

consumer. In other words, this area represents the change
: .

.
o
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- in consumers surplus due to'the'(eduction in price from P(l})

to P{(2).

B. Producers surplus

\ The concept of producers Eurplhs is analogous to
that of consumers surplus. Stated simply, this represents
the différence between what is actually re&eived from the
sale of a good and the minimum amount required to induce a

seller to part with it, The concept is illustrated through

Figure 5.2.

Price

0 14 ' &t Qnantifyl‘\

" Figure 5.2 The Producers Surplus

-,

The formal analysis of producers surplus is similar to that

of consumers surplus and, as sdch, we describe it briefly

here. In Figure 5.2, S is the original short run supply

curve for any commodity.10,11 The producers surplus at any

e oo
e e ]
— e e
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Aprice P is then measured:by the area OPB. Since our study
requires a measure of change in the surplus, we shall, from
now ~on, focus on the changes in the surplus resulting from
technical change in the production fup tiéﬁ. If such a
change shifts the supply curve to'theg:léht to S', the

change in producers surplus is given by the area OAB.
3 .

The concepts of éonsumers ‘gnd producers surpluseé
reviewed above play an important'role in the development of
the benefit'functions: an essential = part of the allocation
model presented here. Apart frbp this réview, this chapter
has demonstrated the relevance of an output oriented model

in -agriculture and examined previous studies related to our

model . The stage is now set for the formal development of

the model which is presented in the next section.

V.5 The Model

V.5.1 Introduction

In this section we intend to present the basic
theoretiéél model which will be used‘to analyse the effectg
of investments in AREA to establish priorities among various
crops for the allocation of such investment funds. The
model is made up of three basic components. 1In the first
part .the levels of potential benefits from postulated

technical changes are expressed as functions of the supply

. . EOP P P
o - om ettt 5 T .



152

shift parameter g The second ﬁart develops the cost
 functions for AREA and exprésses them as functions of the
same shift éarameter. The interactions between the cost and
the benefit functions are examined in the final part of ‘the
~ model to determine the optimum levels of investment in each

crop.
o2

V.5.2 The benefit functions

The benefits expected from the increased production
and exchange of a crop will be influenced by the context in
which the: exchange takes place. Witgin the general
“framework of a perfectly competitive market, three special

cases are considered in the present study. These are:
Case 1 : Purely domestic market.

Case 2 : World 'market in which the share of the

country is relatively large.

Case 3 : World market in which the share of the

country is relatively small.

Case 1 'refers to the crops ﬁhat are produced and
gonsumed domestically. These crops are neither imported
" from abroad to supplement local production nor exported
outside the country to get rid_ of the excess production.
The domestic equilibrium prices for- such crops are

- determined through 1local market conditions and are not

SR F L V)
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influenced by the world priqe levels.

CaSe 2 refers to the crops which are traded in the

world market and for which the share of the codntry.

concerned either as a supplier or a demander is large enough '

to influence the 1levels of yor}d prices. To Serve our
specific pneeds, we have focused our atten;ion on the supply
side only. If needed, a similar médel can be developed by
emphasizing the influence of the countr&'s demand in the
world market. Since the crops are traded in the world
harketj it is assumed that the domestic pkice for such crops
are also influenced by the. respective levels of world

prices.

Case 3 is also concerned with the crops which aré
traded abroad. However, in tﬁis case, the share of the
country concerned is assumed to be very low. As such, she
cannot influence the levels of world prices, however, due to
the 1interaction, such prices ‘are assumed to determine

domestic prices. )

Case 1. Crops traded in'the‘domestic market

As mentioned before the benefits £rom postulated

}technological‘ changes will be measured in terms of demand

and supply diagrams. Figure 5.3 below describes such curves

for any particulaf crop i.

1
e P e e i e A
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P
SE) s'(D)
E’(f) : B
FTQ* c A
D (1)
0 &ty 8w ' &

where,
D (1)
S

5'(1)

Figure 5.3 Effects of Supply Shift; Case 1

: the demand curve for crop i

: the initiallsupply curve for crop i

the new (hypothetical) supply curve following a
technical change in the production of crop i, and is
obtained by shifting tE% initial supply curve to the
right by h(i) per cent

: the initial equilibrium price for crop i

: the new (hypothetical) equilibrium price for(crop i,

(13

that will exist if the supply curve actually shifts -
the initial equilibrium quantity for crop i
-

the hypothetical equilibrium quantity for crop i
corresponding_to price P'(i).

.
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By utilizing the concepts developed in Section V.3 of the
present chapter, we can identify following changes in
various measures of benefits emanating from the shift in the.

supply function.

{5.1) Change in consumers surplus= area ABC+area B?(i)?'(i)c

‘area BP(1)P'(i)A
(5.2) Change in producers surplus= area ACO-area BE(i)ﬁ'(i)C

(5.3) Change in total surplué = (5.1} + (5.2) = area OAB

For the actual measurement of the areas specffied
above, it is necessary to stipulate the functional formsfof
the demand and supply relationships. As already mentioned;
the results of the empirical work suggest the use of
constant elasticity demand and supply functions for the

. analysis. : =

The demand function

We specify a two variable demand function of the

following type:

-

1]

H (i) {p (1) 379

//45.4) QD (i)

" where, : “

QD (1) the quantity of crop i demahded
P(i) : the price of crop i

d(i) : the price elasiticity of demand for crop i
(expressed in absolute term)
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H(i) : the parameter representing the influence of
other factors on the demand for crop i.

The\supply function

Like the demand function, we specify a two variable

supply function given by: : ’

G (1) {p (1) }5(1)

n

(5.5) QS (i)

where,
05 (1) : the quantity of crop i supplied.
s (i) : the absolute value of the price elasiticity
of supply for crop i.
G (1) : the parameter representing the influence of

other factors on the supply of crop i.

If the supply curve shifts to the right by h(i) per
&
cent, following a technical change in the production of crop

i, the new-supply curve is given by:
(5.6) QS'(i) = (1 + h(i))G(i){p i)}V

It should be mentioned that in the - above equation
h(i) has been measured, not in percentage terms, but in such
a way that a 1% shift will read .0l1. This practice will be

followed throughout the analysis unless mentioned otherwise.

The market clearing condition in each of the cases’

before and after technical change is given by:

]
]

(5.7) QD (i) 0S (i) Q (i), say

]
i}

(5.8) QD (i) QS ' (i) R'(i), say
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Derivation of mathematical expréSsions for the areas

The formula for evaluating definite integrals has
been utilized to compute the areas under the various curves
binding the areas to be measured.13 The process of

measurement and the results are described below:

.‘\ - - -
area BP{i)P'(i)A
Bety
.{QD(i)dP(i)
Subs ituting fromﬂpquation (5. 4),_

Ry S
ch(l){p(ly}' (1) gp (1)

{H(i){P(l)}l'd‘i’ H(l){P'(i)}l 41} /11-a(1) }

Substituting from equations (5.4) and (5.7),
= QWFW -~ s E @Y 0 - any )

(5.10) area BP(i)P'(i)C
pli)
= Qs (1)dp (i)
P’ (3)
Substituting from equation (5.5)
?(1)
j'th){P(a)}s‘i’dP(l)

{G(z){P(1)}1+s‘i’ © (1) (B (1) 115y sraas 1))

1]

]

Substituting from equations (5.5) and (5.7)
= QWBW -c@E OISy 10 + sy

(5.11) area ACO ) -
Y [M4))}
[(1 + h(i))0s (1) ap(i) ~ [os(i)ap (i)

o) 0
Sh(i)0s (1) dP (i)
0

n
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Substituting from equation (5.5)
= {h(D)e () B Iy 4 s01))

To evaluate the ‘above expreésions in terms of known
parameters, the initial equilibrium values and the supply
shift parameter, h(i), we need to express the new price

(P'(1)) in terms of these values which is done below:

From the market equilibrium conditions in the 'situatign

prior to the occurence of technical change, we get

(5.7)  QS(i) = QD (i)

Substituting from equations (5.4) and (5.5)
(5.72) & (i) (e ()5 - B (i) {p (1) )90
(5.12) P(i) = {H(i)/c(1)}1/(s(i)+d(1))

Similarly, by analysing the market equilibrium condition in

the post~-technical change situation, we get

(5.13) P'(i) = {H(i)/G(i) (1 + h(i))t/(s(i}+d(i))

Substituting from eguation (5.12)
) = {P(1) (1 + h(i)}‘l/fs(i)+d(i))

Now with the help of the relationship described in equation
(5.12) all the areas involved in the measurement of various
benefits can be calculated in terms of h(i) and known

parameters of the demand and supply functions.
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Expressing the change in total surplus as a function of hi)

The = relationship between the change 1in total
surplus, which shall be referred to as "annual benefits"”
from “now onwards, and the shift parameter h(i) is developed
here. It has already been mentioned that this is one of the
important relationships needed to cohpute the‘optimum values

of h{i).

Let the annual benefit from technical change in crop

i be represented by the symbol AB(i). We then have

(5.14) AB(i) = area ACO+ area BETi)ET(i)A —~ area BETi)ET}i)C

Substituting from equations (5.9) to (5.11)

_ h(i)G(i)&F'(i))l”."?‘(ij -+ 1

i/(Q(i)F(i) - n(s)(F ()10

| 1+ s(i) 1-d(1)
i ;_1(_3( Q(1)F(1) - o(a)(Fi(a))e(3) )

_a@enE AN o()F) | a)E )Y

1+ 8(4) + 1~ d(i) 1 - d(;)
_aG)F) , e(a)(E (ay)tet)
1 + a(i) 1 +.s(i)
= QUI)F(i)( —2— - =1 ) 4 o(1)(F () n(i))

1-4(1) 1+s(i)

R (Fr(a)) )
1 - afi)
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Substituting from equation (5.13)

—

l+s(1

. G_%)_(%nmmu « n(i)) “mm&ju + h(i)) -
B 1-d(i) =71 11
. i’fjj’ 1 d(i)(l . hh)) =TO% Q(1)P(1)( P iaypor
- 1 ) N "

1+s(i) ‘ 1-dii
. S(O(R) (1 + h(i)) SALALALLI

l+s(i
(1)~ 1+ a(i)

BOEEY h(m" SERTET L () —dr - 2
1-d{i) 1=d(i)  l+s(d)

Substituting from equatiQns (5.4), (5.5) and (5.7)

C QUPT =2 oy ERE) (y yqyyR(R)
1-d(i) l+s(i) 1+s{i)
() (3 a)e)
1-4(1)
1- d(i)
where, k(i) = -
s(i)+a(i)
= QPN —2— - 1 )( 1 - (1en(1))(D))

1-d(i) 1+s(i)
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Case 2. Crops traded in the world market when

the country concerned is relatively large -

To deal ‘with this situation ‘we have. specified two
intér-related markets, a world market in which the price for
the crop 1is determined by the interaction of world demand

-and world supply functions for the crop and a domestic’
market where part of the production is consumed and the rest
is exported.l As the domestic demand &nd éupply éurves, the
demand and supély curves in the wofld market are also
assumed to have.constant.own price elasticity. The formal
analysis of this case is presented below with the help of

Figures 5.4 and 5.5.

?ﬁh)
) P \D / 3 A‘
Dw(i)
D)
0 & 0 '
Figure 5.4 Figure 5.5 ,
Effects of Supply Shift; Effects of Supply Shift;

Case 2: World Market Case 2: Domestic Market
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Figure 5.4 refer to the world. market and all the curves,
wﬁereo all the cu:vés and equi;ibrium values are similar to
those of Figure 5.3. To denote their belonging to the world
market, the letter ‘W has been included in the definitions of
the variables in the figure. The ~‘same -practice has been
followed for other variable definitons used in the text énd
which hagp' relevance to the world market. Figure 5.5 is
similar to Figure 5.3 except that the prices aré not
determined in this market. The Prices ' prevailing in the

world market are assumed to be'refleced here.

As seen from the figpres, due to a shift in the
supply. of crop i in the country experiencing technicél
change in it, thé world supply curve shifts froh SW(i) to
SW'(i). The equilibrium Price in‘ the world markét
?bnsequently falls from PW(i) to BW'(i). ng.changes in

; .
§ different measures of benefit in the domestic market are

given by:

(5.15) Change in consumers surplus=area AB(i)F'(i)D
(5.16) Change in producers surplus=area OQEF-area BF(i)?'(i)E

(5.17) Change in total surplus  =area OEF - area BADE

To evaluate these areas we have to express the

fg&ctions of Figures 5.4 and 5.5 in algebraic notation.
While those for Figure. 5.5 are similar to those for Figure

’

5.3, we shall introduce the explicit functions for the

4
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. t . :
curves of Figure 5.4 only in the following discussion. This

w%ll enable us to compute the new ‘price resulting from a
technical change in the production of-crop i in the country
concerned. These prices will, in turn, be used to measure
thé actual areas specified in equations °(5.15) through -
‘(5.17).

~ Using the same method as described above and
identifying the world market values by adding the letter 'W'

in their symbolic definitions, we have

(5.18) World demand fuhétion:. QDﬁ(i) = HW(i){pw(i)}-dw(i)

(5.19) World supply fungtion (original):
' QsW (i) = Gw (i) {pw(4)}SW(H)
(5.20) World supply function (after shifting):

. - QSW' ()= (1 + b(i)h(i))hw(i) {pw (i) }SW(1)

-\”"
where b(i) is the share of the country concerned in world

trade.

-

Now using the same derivation techniques as deécribed in
equations (5.12) and (5.13), the following relationship can

be established to be used in subsequent computations:

(5.21) BW' (i) = PW(i){1 + b(i)h(i) )/ (sW+AW(L))
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Derivation of various mathematical expressions

As in the preVious"case, evaluation of definite
_integrals  wiIl*fprovidg the basis of our derivations. The
formal process of'derivatighé éﬁd'tﬁe-outcome are described

below:

(5.22) Change in consumers surplus

= area ABW(i)PW' (i)D

. _ pr(i) |
: R )rd(‘)dru(i) T
‘ . 9 . (l) .ov '("’i‘.
@ S e L @G ))1‘d‘1)~ R(1)(Fu* (3 )1‘““”)
; - 1—d(1)
}_ [

. (5.23) Change in- producers surplus®

. . = area OEF - area BBW (i)PW' (i)E
; Re | ()
d - (e (@) Gar) - f (1) (r( §P By
o P ()
| . h—Lc( JEa(ayes) —L_(o(3)(PR(s ))“B(”
‘ : 1+s(§ . | 1+s(1)
b s . | o ( )(Pw'e ))1“5(1))
, ‘ ° Q R

Y

P parg . )

e e e e e 2t E e b
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Finally, we have .
(5.24) Annual benefit, AB(i) o
= area APw(i)PH'(i)D + area OEF- area BPW(i)PW‘(i)E

" Substituting from equations (5.22) and (5. 23)

; H(i)(PH(i))l-d(i) _.H(i)(PW'(i)ll-d(i) . _j_)ﬂ(i)(l‘ﬂ'(i))l"'s(i) _

1-a(i) 1-d(4) ' 1+ s(i)
- () (FR(s)) e () , G(a) (PR (1)) =)
1+s(d) T 1+ s(4)

LEOEE)) sy @R (@) ()
- a(i) 1+ 8(4) | 1+ s(i)
_ B8R (1)) 780 |
| 1= 4d(1) ' Ty
Substztuilng from equat1ons(5 4 ) and (5.5)

_ Qn(4)Fa(s) _ SS(ORRG) |, o()@ () o) an(s)) _ mea) (e (1)) 208)

1-4(4) 1+s(i) 1+ 8(4) 7 1 - a(i)

-4

Substituting from equation (5.21)

‘ 1+ 5(12
L @EF() _ es(a)FR(s) c(i;(Pwta)l*s(l)(l b(i)h(m))s“ O (1m(4))

1 - ai) 1+ (i) Y - a(1)
- 1
A(1) (F(1)) 14 (1+b(i)h(l)) LS
1 - d(d)
J.‘
N ‘/

P B T airs]
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' Case 3. Crops traded in the world market when

"the country concerned is relatively small

In Vthis case since the crop is traded in the se¥rld
market and éince ‘domestic producers cannot influence the
world price 1level (by assumption), the demand curve facing
them ié horizontal, while the properties of the supply curve
reﬁain the same as before. The formal analysis of such a

situation is presented through Figure 5.6. T

.

s(1) $' ()

PW()
z Pwi'(i)

0 ; &
Figure 5.6 Effects of Supply Shift; Case 3

The important thing to note here is that even after an
increase in supply by the country concerneé, the price level
does not change, as it did before. The various measures of

benefit in this case are given by:

Lo d
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(5.25) thangé‘in consumers surplus = nil

(5.26) Change in producers surplus

(5.27) Change in total surplhs

= area OAB

area OAB

PR P

The mathematical expressions for the relevant area

described in equations (5. 26) and (5.27) is given by:

(5.28) Change in producers surplus = area OAB

M) : Pw (i)
j(5+h(1))qs(i)de(i) - | es(1)apu(s)
- f Mn H(1) ’ \

Substituting from efuation (5.5)
. PH{D

fh(i)c(i)(rwci))B‘”drw(l)
e G ICH

' 1+ s(i)
Substituting xgxix from equations(5.5) and (5.7)

B(1) _ q(ie(a)

1+ s(i)

Therefore,
(5.29) aB({i) = Change in total surplus

= area OAB \\\\\_

- -BA) _ qaaya(s)
1+ s(i)
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It is interesting to note that equations (5.29) and

(5.1?) can be shown as special cases of equation (5.24). 1In

equation (5.29) we have b(i) = 0, while in equation (5.14)

we have b(i) = 1, s(i) = sW(i) and d(i) = dW(i) in terms of

equation (5.24)

Finding total benefits from AREA

Equations (5.14),7(5.24) and (5.29) described above
express the benefits from a shift in the supply curve due ﬁo
_technical change in terms of known values and the shift
parameter, h(i). All these benefits are expressed in annual
terms. The = effects of a technical change in crop

production, on the other hand, exténd beyond that period. A

measure of total benefits f%om AREA can be obtained by

summing the discounted present values of all these annual
benefits for the entire 1life of the project. Since the
-future values are unknown to us, we have. used two

assumptions to arrive at this sum. These are:

{a) The effects of technical change in agricul ture
from a particular research and extenstion activity will be

realized for a period of 'q' years after the introduction of

the new technique.

(b) The values of annual benefits in future years

will be the same as that in the current years.

»

PR Ly

-
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| The idea implicit in the gfifst assumption is that
returns f£rom AREA do not persist for aﬂ infinite length of
time. The efficiency of the .néw'-techniques begins to
decline after a certain period despite continued efforts to
preserve the same. The second assumption stipulafés_ﬁhdt
once equilibrium is- estéblished' the values of all the
variables and parameters appearing in the benefit’funbfiﬁns
will not change until the end of the benefit period of ;q;
.years.j This assumption may result in some imprecisions in
the estimates. Given that the farmers Slowly adopt thé new
technology and that the yield decline is spread~over several
years, the annual benefit f_unc&on for any crop, ce'terris
.paribus, takes the shépe indicafed in Figure 5.7 for any

particular h(i).

AB(1) . | - - - assumed pattern

et e —— —

0(= b) G (=v+9) time

Figure 5.7 Time Profile of the Benefit Function

actual pattern -
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If the slopes of the benefit function at either end are the

same, the over and under estimates will cancel each other.

In the actual pattern, the slope of the rising part is more’

likely to exceed that of the falling section for several
reasons: (&) advances ih moderﬁ communication techniques
will speed up the spread of new technological knowledge,
(b) most of the develoéing countries'iﬁcluding Bangladesh
already possess a network of’extension programmes which
makes adoption easier and faster, and (c) maintenance
research and extension activities envisaged in the present
model will tend to arrest .the rate of vyield decline.
Consequently; the assumption .of -a constant stream of

benefits will, in all probabilfty, result in an under

estimate of the benefit. This procedure is consistent with

the approach taken in other parts of the model. Whenever a
choice of specification’ has beeri made we have tended to

under estimate the benefit and over estimate the cost.

We have, furthermore,' assumed that a research
" programme for any crop initiated at the beginnihg of year
one will be cpmpiete by the end of year 'p', after which
only recurring costs of extension and maintenance research
will have to be. incurred. Based on all the three
assumptions outlined above, it is possible to exﬁréss the

total benefits for each crop in terms of annual benefits in

the following manner:

e - pmv e e
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(5.30) TB(}) gAB(i){l-H:}-t
iz b ‘

where,
TB(1) : total benefits expected from research and
-extension activities in crop i
r : rate of discount

V.5.3 The cost functions

The second important compoﬁent of our model is the
analysis of costs for AREA. 'The usual information available
on the cost aspects of AREA are the figures on total
expenditures on such activities and the consequent
advancements in the yields per unit of ‘land. If other
things remain the same, an 'h' per cent increase in yield
will generate an 'h' per cent shift in the supply

function. 14 With no additional information available, the

only practical approach to framing a cost function is to

assume a linear relationship between the shift parameter and
the costs of AREA. Our present study is basedon this
assumption and the formal method of developing the* function

is described below.

® ?uppbse that in any particular c¢ountry a total sum
of RC(i) dollars were spent on agricultural research during
a given period of time and that fhis resulted in a shift of
the supply function by h**(i) per cent, where h** refers to

the measurement of percentage shifts in absolute unit.

4,

T e L v B s bamani R
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Then, assumiﬁg that a linear relationship holds, the cost

for obtaining a one per cent shift in the supply function is

given by RC(i)/h¥*(i) = v**(i), say, which is the slope of

the cost function. The formal function can now be written

as:15
(5.31) RC(i) = w**(i)h**(i)

We have already mirtioned that in the present study the
R _ :
shift parameter, h(i), is measured as a proportion of unity.

The relationship between h**(i) and-h(i) is given by:
h**(i)/100 = h(i)
which is equivalent to

(5.32) h** (i) = 100h(i)

Substituting this into equation (5.31)

0

(5.33) ' RC (1) ve* (1}100h (i}

~100v** (i)h(i)

v(i)h(i), where v(i) = 100v**(i)

Equation (5.33) describes éhe cost functions fqr
ggricultdral research, In the absence of any knowledge
about the actual costs of extensionr and maintenance
research, the simple méthod té approximate it is ﬁd assume
that the mone§ spent on such activities every year is a

fixed proportion = of the tbtal costs of agricul tural
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research, and let this proportion be denoted by é(i). Then

_the" total costs of extension and maintenance research,

EC(i) for avproject of 'q' years' life span, beginning from

'p+l' years from now, 1s obtained from:

. - |
(5.34) EC(d) = S e({)RC(i)/(1 + )t
tep -

Substituting from equation (5.33)

o t
= e(Hv(iYh{(1)/(1 + 1)
te b
The total costs for AREA in crop i, TC(i), is then given by:
e 7

(5.35) TC(i)

RC (1) + EC(1) o ,
v{i)h(i) + %e(i)v(i)h(i)/(lﬁj)vt
V(D) + = e(v(l) /(e Sh(D)
wiirh(h

. o
v(i) + iéti)vm/(lmt

t= b

]

\:._
3T

S
"‘%

where,

H

wi?)

It should be noted that in the above formulation,
all of the research cost is attributed to the initial year,
rather than spreading it over 'p' vyears. So this part of
the TC(i) is over estimated. As it is very difficult to get
disaggqregated dataféﬁ the C;Ets. of research, with emphasié
on -its time profilé, the other alternatives we ﬁad.were
either to specify some sort of distribution for it or to

lump ever?thing. on the 'p'th vyear. To be on the

'
e el et Pt i . I
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conservative side, we have preferred.to discard both of them

and attribute all the costs on the first year.

L

V.5.4 The interactions

Thus far we have been able to develop the benefit
and cost functions for AREA and express these fﬁnctions in
terms of the shift parameter, h(i). Now the task remains to
fiq? the optihum values for the shift parameter from the
interplay of-the benefit and cost functibns, which we spall

denote by h¥ (i),

Firsﬁ of all, it Gshould be pointed out that the
shift -parameter is closely linked to the real physical
world. This connection autamaticaliy fixes some boundary or1
limiting wvalues to it. In this study, the values for h(i)
are restricted to lie in a finite range. The lower limit of
this range,'termed h(i)L, is set by thé realization that to
be economically meaningful the wvalues of h(i) must be
non-negative, 1i.e., greater thén or equal to zefo. The
upper 1limit t6 the range, on the other hand, is determined
by biological factors\and'by the scientific capabilities of
the country concerned, and is denoted by h(i)U, Because the
optimum h(i), vyielded by solving the equations of the model,
may not always be phy#ically attainable, we have iﬁtroduced
the condept of "effective" supply shift, symbolized by

h' (i). The values for 'h' (i) are calculated by the following
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method :

X5.36)  1f h(4)L < h*({) < h(1)U, then B' (i) = h# ()
(5.37) 1f h* (i) < h(i)L, then h' (i) = h(i)L = 0
= h(i)v

(5.38) if h* (i) > h(i)U, then h'(i)

In hsing the above model for determining the
effective h(i), two separate cases. have been considered,
depending on the avallability of the funds for ARBA. These

are:
Case 1 : No constraint on the funds for AREA.

Case 2 : The funds for AREA are limited.

Case ). Unconstrained funds

For crops with non-linear total benefit curves,

[

optimum valuesﬁfor the shift parameter, h(i), are given by

solving the following eqhation:

(5.3%) 4aTB(i)/dh(i) - dTC(i)/dh(i) = 0

subject to

(5.40) {TB(i)>TC(i)}

h(i) = h* (i), h' (1)

The condition’ imposed by equation (5.40) ensures the
occurence of a positive net benefit and is equivalent to the
positive profit conditions in a standard maximization problem.

If this condition is not satisfied for any particular crop,



- {5.43) if dTB(i)/dh(i)
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it is of no use to invest in research -and extension
programmes for it. Throughout the computation, this
condition will be checked for every value of -h* (i) or h' (i)
and unless it is.Sa;isfied these vélueg will not be utilized

further. f ;‘

Since we have specified liﬁear total cost curves for
all crops, the solution for optimum h(}) for crops which
have linear total benefit curves aé well (a pogsibility
recognized - in Case 3 of the:benefit functions) are different
from above. Here it is possible to conceive of three types

of situations:

(5.41)‘if dTB(i)/dh(i) < dTC(i)/dh(i), then h* (i)

n

0

(5.42) if dTB(i)/dh(i) > 4TC(i})/dh(i}, then h* (i) infinity-

M

dTC (i) /dh{i}, then h* (i) can assume
any value between zero and infinity

Case 2. Constrained funds

[ B

We now relax ‘the assumption of the previous
discussion and aséume that a fixed amounﬁ lof'funds are
available for spendihg on AREA, which 'shall be denoted by
FARE ﬂrepresenting the phraée Funds Available for Research
and Extensioh). The problem now  is to dllocate this money
among various a;ops for research and.extension activities in

: v
such a way that total benefit from them is. maximized.’
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We can express combined total benefit, CTB, from technical

ch&nbe in all crops by oW | ‘ e

.
- (5.44) CTB = Z TB({)

l,gl . 7 . -
The problem now becomes a non-linear programming

problem of maximizing the CTB subjéét to the constraint on

the funds for AREA . This can be expressed mathematically

as

" .
l2*1'13(1)
1

(5.45) Maximize CTB

subject fo_&

" .
FARE > = w(i)h' (i)
\ =1

To solve it we express the objecti?e function in. terms of a
Lagrangian multiplier, 'z'
: N n
(5.46) Maximize L* = Z TB(i) + z(FARE - = w(i)h(i))
tel : =\
. 13 '
where L* is the new objective function.

The first order conditions for maximizing the above function

are given by: .

(5.45)a wL*/3h(1)

TB(n)/ h(n) = zw(n) ¢ 0; if <0,h* (n)=0
R
(5.48) dL*/az.

1]

&

!

TB(1)/ h(l) = zw(l) < 0; if <0,h*(1)=0 -

moo. o :
FARE -~ ‘Zw(i)h' (i) > 0; if.>0,r2 = 0‘
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Due to the presence of upper 1limits on the h(i)'s
and as some crops have lingar total benefit and total cost
curves for AREA, théz‘saiution . of the above>’prob1em is’
comélicated. ‘We must stipulate a search process to obtain a T
solution which comprises several steps. In this process the
ai;ocation of fundsto the different crops |is carried out

gradually, introducing the crops in terms.of their benefit

\yielding potential, relative to the costs of research and

extension. In this context, it will be useful to define'éwn\‘az/”
new variables pertaining. to the funds. These are CERE, '
which stands for cumultive expéhdituré on research and
extension, and FLFA, which represents the funds léft for
further allocation. These two variables will assume new
vélues at the end of each stage of allocation. Obviously,

we have

(5.49) FLFA = FARE - CERE

G.
Step 1
LCet wus divide the crops into two sets such that the first f
of them {Q{l), Q0(2)eee....0(f)} have non-linear total ér\
benefit functions while those for the remaining n-f crops-

[Q(£+1), Q(f+2}.......Q(n)} are linear.l6

S



179

Now we define two new variables N({(q) and.M(j) in the
) N
following way:

-

(5.50) N(g) = {dTB(9)/dh(g) = 4TC(9) /AN by (o) a o
g=1, 2, .n.onn.f
(5.51) M(3) = dTB(3)/dh(3) - dIC(3) /dn(d);

Il

:& = . j= (f+l)' seesesell

Without any loss of generality we can assume that the crops
are arranged in such a way that

{(5.52) N(1) 2N(2) > veeeens > N(f), and

(5.53) M(£+1) > M(f+2) 2 sveeeo.d M(n)
SteE 2
Next, we define M*(k) by the following relation:

(5.54) M*(k) = Maximum {M(f+1), M(£+2),.5 ....M(n)};

k = l.--....(l’l-f)
On account of the assumption of equation (5.53), we have
{5.55) M*(l)‘= M(f+1)

Step 3-

Before beginning the process of Ffurther computations, it
should be recognized that there may be two distinct initial

conditions. These are:

<
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“(5.56) N(l) > M*(1) = M(f+l), or

(5.57) N (1) ¢ M*(1) = M(f+1)

4

The formal solution methed - will be slightly different
depending on which of the above conditions are satisfied.
“The present analysis assumes that the first condition is

satisfiedy but the study can easily be modified to

accommodate the possibility that the second condition holds. .

To begin with, we take the first 'a' crops from among those

. ¢
R of the first set defined above, such that

(5.57) N (a) > M* (1), and
(5.58) N (a+l) < M* (1)

The quasi-optimum values for the shift parameters are then
computed for these ‘'a' crops by solving the following

equations:

(5.60) dTB(g)/dh(g) - ATC{g)/dh(g) = M*(1); g = l.......a

-\\_HJJ/F;t should be noted that the values of h(i) emerging from

solving the relations implied in equation (5.60) above, have
been termed as gquasi-optimum since, as we shall see now,
they may change depending on the outcome of the subsequent
operations. These values will be distinguished from'the old
ones with additional superscripts. The quasi-value for

optimum h(i) will be denoted by h*''(i) and that for
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effective h(i) will bé-denoted by h''(i). ©Now from tﬁesé
.B*"(g)'s we compute h''(g)'s Sy foliowing the equations
(5.36) to (5.38) described in page 175 of the text. It may
- be - pointed out that 1if h*''(g9) < h(g)U, then h'’(qg) =
h* ' (g) and if h*'* (g) > h{(g)U, then h'(g) = h{g)U., 1In
other words, the value of effective h(g) is liable to ch;nge
if thé quasi-optimum h(g) is less than the upper physical
limit specified for crop b(g) while the effective h(g} will
be stable and equal this limit 1if the quasi-optimum h(g)

exceeds_this limit.

Al

Now we find CERE from the following relation:

-} aQ . '
(5.61) CERE = > w(g)h'(g) + Z_w(g)h''(qg) e
‘5:\ a:l

The right hand side of equation (5.61) has two closely
similar terms. However, there is no overlapping. Crops,
for which the h'(g) values dominate, will show up with null
values for h''(g) and the reverse will bg true for crops

with the h''(g) values ruling.
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Step da
e

If FARE = CERE, allocation is done to the first 'a’ crops
only, ;Tecause in this case FLFA 1is zero and new crops need
not be/considered. The share of each crop in the allocation

is given by w{g)h' (g) or w{g)h''(qg).
Step 4b

If FARE < CERE, the allocation problem 1is solved with the
help of the equations (5.47) and (5.48) reduced to ‘'a' crops
'only. Here, again, there 1is no need to consider the
remaining crops and the allocation of funds to each crop
will be given by the respéqtive h'(g)'s multiplied by

w(g)'s.

SteE 4c

If FARE > CERE, FLFA is positive and this should be spent on
crop Q(f+l) wupto the point where h'(f+1) = h(f+1)U (or at
any point before that if the fund gets exhausted). Next a
new CERE value is calculated by adding w(f+l)h' (f+1) to the
old CERE. . If FARE is still greater than this CERE, a new

M*, say M*(2), is selected which replaces M*(1). Now from
the ~first 'a' crops those with h*''(g) < h(g)U are again
introduced for reconsideration along with a new.group of

crdps {(a+l) to b} from the first set such that
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(5.62) N(b) > M*(2) = M(£+2), and

(5.63) N (b+l) < M¥(2) = M(£+2)

This will also change the values for CERE and FLFA and the

stepg‘ 2 to 4 are repeated with these values and new crops

(if necessary).

-

Finally, the process outlined in steps 2 to 4 will
have to be continued until FARE = CERE, i.e., FLFA = 0; or

until all the n crops have been allocated funds to attain

‘respective h(i)U's.

Vié Summary of the Chapter

The major accomplishment of this chapter has. been

the development of a formal model to allocate funds for AREA

among various crops which is summarized below. The

importance of +the model stems from three observations.
First, we have found that so far no such model has been
formulated by the economists. Second, we observed that
technical pProgress in agriculture can proceed along
different directions (apart from the question of choéing
between‘lcrops or agricultural activities) and the optimum
direction can only be selected through an in depth -study of
the subject. "Third, it d;s found that in the developing
countries (using the expérience of Bangladesh as a typical

example) the allocation of funds for AREA have failed to

-

&
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satisfy the criterion of optimality.

-

As a prelude towards developing the model, the
chapter also demonstrated that in thé cése oangricultural
innovations, it 1is not necessary to distinguish betwe?n
input and output%ps the medium of developmeht: In most of
the instances, the input based technology in agriculture is
uniquely related to some particulaf output,. In other words,
the choice between input and oﬁtput to be developed is not

mutually exclusive, but can be made simultaneously.

The formal model bresented in this chapter has three
integral parts. 1In the first part the total benefits from
the postulated technical ‘changes in' crop production have
been expressed asl functions of equilibrium prices and
quantitities, demand and sdpply parameters and the supply
shift parameter. In deriving the expressions for total
benefits three different exchange situations were analysed:
a closed economy, an open economy where \the country
concerned has a perceptible influence on world price and an
open economy where the influence of_ the country is
. negligible. In addition, the possibilities that the
benefits may extend over several time periods have also been
considered. In the second partégﬂg total cost functions for
achieving the technical changes were formulated in terms of

the shift parameter. Both the costs of research and the

recurring costs of extension and-maintenance research were
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:fiﬁborﬁérated. The final part of the model has combined
these two‘;functions to find the Jbtimum and/or feagible
Pﬁalues _for the suppy shift ‘in fhe context of an unlimited.
supply of AREA.funds and also.wh these fﬁ;ds are limited.
The values of the shift parameter obtalned from the final
part can be substituted into the total penefit and total
cost functions ;o find the .magnitudes for such variables.
In addition, these values?;ray be used to find the

distribution of benefits from® technical change between

consumers and producers.

~

The model presented here is theoretical. 1In order
to compute various elements of it empirically it |is
necessary to have the information on the relevant
parameters. The purpose of the next chapter s to estimate

these parameters from the available data.



“%

!_
~<

e FOOTNOTES TO CHAPTER V

”

l. There are several Indicatlons to support this
claim. First, the Government of Bangladesh re-organized the
Bangladesh Agricultural Research Council in 1973 and bhifted
its headquarters to a new place to co-ordinate the
agricultural research activities of the country. Second,
the sthkucture of the remaining research organizations in
Banglade$h have been strengthened. Finally, the allocation
of funds/ to AREA has increased considerably in recent years.

— 2. See First Five Year Plan, Government of
angf&desh, p.318 and I.B.R.D. (1974), p. 73.

3. For example, the U.S5.A. is relatively 1land
compared to many countries of the world.
she has shown considerable interest in
promot yielding seed varieties to be used locally.

The rest of the issues ralsed in Section V.1l are
cofisidered in the allocation model presented below.
Hopever, the analysis of the distributional effects of
tegchnical change incorporated in the model is partial as we
d{id not have enough information or time to examine the
effects on factor income or employment. The analyses of
Chapter III (Section III.7) and Chapter IV (Section IV, 3)
indicate that development of the bilo-chemical technology
wil help 1increase the employment of labour and that this
incréase will be greater if more emphasis is placed on jut:'é““L
relative to rice. For a. detailed discussion on these
aspects of technological change in the agricultural sector
of Bangladesh, the reader is referred to Ahmad (1980).

5. The basis of our claim here 1is, of course, the
articles published in the 1leading Jjournals and the
dissertation abstracts printed in accessible periodicals.
Although attempts have been made to be thorough in the
search, the chances of oversight cannot be ruled out
completely.



187 d S
, -

6. The term "shift parameter” 1is common to the
studies related to this area. It denotes the magnitude by
which the supply curve has shifted to the right on account
of technical change in the production of any particular.
Crop. Another common name for this concept is "supply
shift". In this study both have been used interchangeably
to identify the amount by which the supply curve will ‘shift
due to a postulated technical change. In addition the
conventional connotation of the term described above has
also been retained.

74 See Ramalho de. Castro (1974), p.B82.

8. For an excellent survey of this concept and its
relevance to practical analysis, see Winch (1971) and Sugden
(1979). ‘

9., The idea of compensated demand curve differs from
that of market demand curve. The former is utobservable and
is constructed by adjusting the income of the consumer to
keep his level of utility constant. Our. study uses the
concept of market demand curve, which can be estimated from
observabhle data. This will result 1in some Imprecesion in
the measurement of the benefits (except when the market
demand curve exhibits zero income effect or is horizontal,

i.e., case 3 of the benefit functions) which is discussed.
below:

P
s'(
P(i)
P')
. segy O (0 D(#)

Q 6.
Figure 5.8 Market and Compensated Demand Curves

Figure 5.9 is similar to Figure 5.3 below, except the fact
that 1t has two new demand curves, DC{i) and DC' (i), which
represent the compensated demand curves in terms of price
P(i) and P'(i} respectively. If DC(i) 1is the true curve,
the use of D(i) will overestimate consumers surplus by the
area ARB., On the other hand, if DC'(i)} is the true curve,
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the surplus {s underestimated by the area ABT. The
magnitudes of these imprecisions are, fortunately, not very
ser ious, In a recent article Willig (1976) hase shown that
the imprecisions mentioned above are usually overshadowed by
"the unavoidable error associated with the estimation of the
demand curve itself. ' :

10, Since some of the factors remalins fixed in the
short run (which, incidentally, is our focus of attention),
the concept of producers surplus is relevant in that market
period. It may be argued that this concept has no relevance
in the :Jong run, where all the factors of production are
allowed to vary. Because, in that case, the normal profit
is 1included in the cost function (as in the short run) and
{f there is any surplus or excess profit, new producers will
enter to wipe that out. :

11.. Short run 1is the relevat time period for this
study . because in extending the model -to future years for
policy simulation experiments, we have assumed that nothing
el sk changes d%ther than .those induced by the policy
variables.

12. is h{i) represents the supply shift parameter
referred ¥ iN Footnote 6, .above. As we shall see below, it

is measured ’in such a way that a one per cent shift reads
.01 and so on. ,

13. The process of computing definite integrals has
been discussed in details in Allen (1968), pp. 384-390.

14. The term "yield" has been used here to represent
the average yield per unit of land. This is the only form
in which the yield data is readily available and it reflects
the effects of several "factors apart from that of the new
seeds. If this definition is accepted, the statement can be
proved as follows:

The production function prior to technical change is

(5.64) Q(1) y (1)L (1)

where,

Qi) amount of crop i produced
y(i} : yield of crop i per unit land allocated to it
L(i) : amount of land in crop i '

Let us denote the post—technicél change wvariables by a
superscript ('). Then following an 'h(i)' per cent increase
in the yield, the new production function becomes
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(5.65) Q'(i) = y' (1)L (1)
41 ¢ h{i)ly (1)L (1)
Substituting equation (5.64)
= {1 + h(i)1Q (i)

it should be mentioned that, the above relationimay not hold
"if  the actual yleld from seed improz:ment only S

considered. However, since the blo-chemifal technologly is
considered  to come as a package input as the responsibility
of the public sector to provide them through research and
extension services, it 1s difficult to conceive of a
situatiomr where the yield increases due to the seed only.

15. Ideally, we would like to have a research cost
function described by the followinz equation: 7 :

(5.66) RC(1) = RC{(1){v¥¥(4i) ne¥(1i)]}

)
where RC(1) is likely to exhibit increasing™marginal costs.
The reason for using linear specification for It in the text
is the absence preciss information on the true form,

¥ 16, The symbol Q(i) was used in equation (5.7) above
to represent the equilibrium quantities of crop i. Since
there 1is no interaction, we have used the same symbol here
and in Footnote 14 above to represent the crop itself,
rather than the equilibrium value for it.

17. The |use o{ggonstrained funds in the future years
implies  that the adow discount rates will ©be the
appropriate Lagranzian multipliers which assume different
values in different perinds. In this study we have assumed
that 4Lthey are approxiesately equal and that they can be
represented by the long term interest rate,

a



CHAPTER VI
ESTIMATION OF THE PARAMETERS

VI.1. Introduction

K

- In Chapter V, we have developed a model to anal yse
~ the cropwise effects of investing resources in AREA in
Bangladesh:‘ It was shown that :the benefits from technical
change - in agriculture can be meQ§ured through ‘gimple
mathematical expressions involving observable ®inftial
equilibrium - vglues for prices and quantities, some
parameters of thé deménd and supply carves in Bahgladésh and
in the world magket, aﬁd a shift';§§:§bter to reflect the
movement of the éupply function fésulting from the expgcted
technical progreﬁs. The optimum wvalue for this shift
parameter was, ‘i% addition, observed to depend on the
parameters of rg%earch and extension coéés, the resulting
benefits, and a physical upper 1ldmit to technolegical
pProgress. The main reason for developing the. above
mentioned model was to establish a gﬁideline forlallgéating
the funds for AREA among various crops in Bangladesh. The

works reported in this chapter as well as in the following':

one seek to fulfil that purpose.

We have already obéerved in Chapter III that
although the farmers in Bangladeshlgrow various crops, it is

neither meaﬁih%ful nor feasible to focus attention on all of
/
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them. Most of these crops constitute a very small
proportion of total agricultural output of the country. 1In
addition, the relevant data for the study are not available

for a large number of c;opé. Finally, the size and scope of

the present study is an increasiﬁg function of thg\::ijjt’of
_crops igfluded' in the analysis. On account oX/these

‘considerations, we have concentrated on four crops only,

nahely, jute, rice, sugarcane, and tea. It hgs already been
mentioned that these crops comprised more than nihety<per
cent of the totgl cr?pped area of the country throughPut he
period under study, 1950 to 1978. In terms og market
exchangF, these crops are gquite different. While rice is
mainlf produced for the internal market, the other crops are
generally export oriented. Among the Jlatter group, 5ute,
produced in and exported from Bangladesh, is significant
enough to influence the level of world prices. The shares
of Bangladesh 1in the global market forithe remaining two
crops, sugarcane and tea, are too small to exert any
perceptible influence.l As a result, the four Crops
selected for the study will require us to incorporate
different types of market exchange specified in Chapter V
into “EES_ study. It is hoped that the approach developed
here wili\\pggyide a general framework for undertaking

similar studies involving other crops or agricultural

activities omitted from the present study. Moreover, this

-framework can easily be extended to similar investigations
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in countries other than Bangladesh.

The empi:icalf;%plementAtion of. the allocation model

%%is done in tw& stages. The first séage, described in this
chapter, is devoted’to the development and/or seléection of
various parameters of the model from available statistics
and  inddrect sources. In the second stage, which
constiﬁutes the - next chapter, the model 1is actmally

implemented with the help of these parameters.

The approaches. followed by most of the authors in
dealing with similar problems were either to obtain these
parameters from the estimates of others or to use arbitrary
values for them based on some a priori reasoning. The oniy
exception to this generalization was Ayer and Schuh (op.
cit.) who derived the parameters from their own econometric
study. Unfortunately, in the case of Bangladesh,
econometric studies done by others on thfazgricultural
sector do not proviée these parameters. On tH;Iother hand,
we believe that the study 3111 _lose much of its appeal and
practical usefulness if arbitrary values are used fo; all or
most of these parameters, as has been done in some of thé
works cited above. As such, we have decided to follow a
mixed appréach _to the.problem. First of allj to keep the
study brief, efforts will be undertaken téhobtain these
parameters from reliable recent ecnometric wodks done b&

)

"others. Next, attempts will be made to estimate the

*

7
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remaining  parameters, as far as possible, by using
available published statistics.‘ Finally, if both of the

above .approaches are unsuccessful for some parameters,
plausible parametric values will be specified for them based

on economic arguments and comparable evidence.

Iw Sect{on VI.2 the parameters for the supply
function are derived from rigorous econometric estimation.
The rest of the parameter estimates are described in .Section
V1. 3. Tﬁe llast section presents a brief summary of the

chapter.

VI.2 Estimation of Supply Elasticities

Vvi.2.1 Introduction

-~

Although both the demand and supply function
parameters are necessary for our model, it is the latter
wﬁich need be estimated for each crop. The reason for this
is, as we saw in the last chapter, that for some crops
{which are traded internationally by a small country) the
demand function parameters do not enter into the model
explicitly. In addit;on, we were able to gather reliable
secondary source estimates for the demand parametefs for at
le:ft one of the four crops under study. As none of the

above factors were . favourable for the supply function

‘parameters, they had to be estimated separately for each of
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the four crops. The current section is devoted to such
esFimation. | The section is divided into six subsect%ons.
Subsections VI.2,2 and VI.2.3 devélop theoretical arguments
behind the supply functilons (a) for crops that compete with
each other for the same land, and (b) for crops that do not
compete S}th any other crop in the model for land. The
reason for this is that tw§ of our four crops, jute and
rice, fall in the first category while the remaining two,
sugarcane and tea, possess the second featuré. The
specification and selection of empirical techniques_are done
in the fourth and fifth subsections while the results of the

empirical analysis are presented in the final one.

VI.2.2 Derivation of supply functions for competing Crops

(

We have seen that jﬁte and rice fare the only crops
among those under study .that compete for the same land.
Strictly speaking, jute is grown during the summer and rainy
seasons and, as such, competes mainly with aman and aus
varieties of rice which are grown during the period.2
However, due to the non-availability of adequate statistical
information, mosdp of the agricultural supply analyses of
this region have treated the total rice crop as competitive
to Jjute.3 In the present study we shall follow the same
approach and refrain from making any distinction between

various varieties of rice, unless it is specifically needed.

\
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As mentioned in the introduction to this section,
the purpose of this subsection édd “the next is to develop
theoretical arguments | behind the agricultural supply
functions from a neo-classical point of view. These
derivations are done in terms of individual farmers. Before
estimatigg them with national data, it is necessary that
they should be aggregated to that level. Ideally} such
aggreéation would require information on several factors
including the number of farms in the country and‘tﬁé amount
of land suitable for each category of crops in each of these
farms. However, .this information is hard to' find,
Similarly, we do not have any reliable study that eﬁplains
the attitudes of the farmers owning different farm sizes
towards land allocation among crops. For- these reasons, it
was not possible to attempt a formal aggregation. Instead,
the aggregate supply functions estimated by us have been
formulated by including the“same variables as were relevant
for the individual farmers. The rationale for this is that
if these variables are relevant for individual farmers, they
should be so for all of the farmérs considered as an entity.
Tt should be pointed out that such aggregation implicitly
assumes that the effects of distribution of the fixed

factors, land and capital, on production decisions are

negligible.,

The farmer producing rice and/or jute is assumed to
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have a fiked amount of land at the beginning of the sowing
season each year'which is allocated between these two crops
in such a way that maximizes his profit. Let each crop.be.

characterized by a neo-classical production function of the

-

following tfpe:

(6.1) Q@) = QJ(LJ, 1J, KJ, 2, F, D)
(6.2) Q(R) = QR(LR, IR, KR, Z, F, D) | /
where,

Q(i) : output of crop i;,1 = jute or rice
Li : amount of land devoted to crop i

Ki : amount of private capital invested in the
production of crop i

z : a surrogate for non-price variables such as
improved technique, farmers' education level

Ii : amount of‘purchased or hired input applied to
the production of crop i

F : index of flood level

D : index of drought level.

It should be notgd that 1in the equations presented
in this chapter, the time subscrip; (t) has been suppressed
del iberately. In all the equations involving time series,
this subscript 1is implicit. Where lagged variables enter
into the equation, they have béén identified by adding the
number of lagged years preceded by a minus sign. TRe
subscript has been explicitly introduced only in those céées

where it was felt necessary to do so. The surrogate
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variable, Z, is the same for both the crops and, as we shall
see 1Ster, also remains unchanged in the context of other
crops. The reasﬁn‘for this is that ip this study we view it
as the services provided by the public‘sector.- When the
level of public sector influence is not much the.variable
should E: the same for ail crops. ‘Nevertheless, in actual
estimation we wused a proxy for It whichrassumed different
values for different crops. Finally, due to the absence of
disaggregated informati&n on the effects of weéther in

Bangladesh, we have used the same indices for flood and

drought for each of the four crops.

The expected income of the farmer af the beginning

of each year's sowing season, when he .allocates land between

these two crops is given by:

(6.3) Y(J+R)* = P(J)*Q(J) + P(R)*Q(R) - PI (IJ+IR)

where,
Y(J4R}* : net income of the farmer expected from
the production of jute and rice p
P(i)»* : expected harvest price of crop i during

the time of sowing

PI : price of the purchased input
\

One remarkable feature of equation (6.3) is that in
it neither 2 nor K enter as a choice variable facing the
farmer. The reason for excluding Z is obvious from its:

definition given above,. Since it is the form of capital
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providéd by the publie Eector, farmers have little control
over it which justifies its exclusion. On the other hand,
we have not considered private capital, K, as we are mainly
interésted in the short run response of the farmers wheQ_r
this variable remains fixed. It may be méntioned, however,
that eveg&if our interest was in long run response, it would
.be difficult to incorporate this varlable directly due to

non-avallability of precise estimates for it.4

Noﬁ the farmer's objective function is to maximize
his expected income by allocating the fixed amount of land
he has at his disposal. We can set up a constrained
Langrangian maximization problem of the following type to

get a solution:

(6.4) Maximize L** = PWF)*Q(J) + P(R)*Q(R) ~ PI(IJ + IR)

+ z(LJRF - LJ - LR)

where,
L** : the constrained objective function
LIJRF : total amount of land available for these crops

5

z : the Lagrangian multiplier

Assuming that the typical farmer will put some land into
jute and some into rice, the first order conditions for
maximization are obtained by setting the partial derivatives
of L** with respect to the Lagrangian multiplier and the

choice variables of the farmer equal to zero
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(6.5) PL**/3LJ = 0 implying P (J)*{20J/aLJ} - z = 05
{(6.6) JIL**/F3LR = 0 implying P (R)*{IQR/ALR} - z = O
(6.7) IL**/31J = 0 implying P (J)*{5QJ/a1J} -~ PI= O
(6.8) aL*%*/3IR = 0 implying P (R)*{>QR/3IR} - PI= 0
(6.9) L**/z =0 impiying LJRF - LJ - LR = 0

Mom the above equations it is possible to eliminate
'z' and express the demand for land for Jjute and rice
cultivation as functions of the rest of the variables
{6.10) LDJ = LJ{P(J)*, P{R)*, PI, KJ, KR, LJRF, Z;

production function parameters}

{(6.11) LDR =<LR{P(R)*, P(J)*, PI, KR, KJ, LJRF, Z;
production function parameters}

where LDi is the amount of 1land demanded by the farmer for

the cultivation of crop {.6

Most of the work on agriéultural supply analysis
uses a land demand function for measuring supphy response.’
The wunderlying assumption 1is that as farm 'output may
fluctuate due to weather and other random variables, the
land demand function function will measure the true
elasiticity of supply, given a fixed proportional
relationship between the acreage and the output. However,
such a premise is unacceptable to us as the fixed
proportionality argument violates the continuity assumption
of the neo-classical production function.8 As a result, we

plan to use output as the dependent variable and expect that
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the flood. and drought indices of the production function
will take care of the weather problems. In addition, a
dummy variable will be used in actual estimation to account

for the 'abnormal' years.

If we plug in the values of the land demand
functions® from equations (6.10) and (6.11), and the
corresponding purchased imput demand functions into their
respective production functions, given by equations (6.1)
and ({6.2), following desired output supply functions can be
obtained:$S

(6.12) QS(J)* = QSJI*{P(J)}*, P(R)*, PI, KJ, KR, LJRF, Z;
production function parameters]

(6.13) QS{R)* = QSR*{P(R)*, P(J)*, PI, KR, KJ, LJRF, Z;
) production function parameters)
I >
\ .
where QS5 (1)* represents the desired supply for crop i in the

yeér to come,

VI.2.3 Derivation of supply functions for non-competing

Crops

The two remaining crops of our study, sugarcane and
tea, fall into this category. gThe production functions for
them are not identical and as such, these crops will be

discussed separately.
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Sugarcane

As in the case of jute and riée, we can speclfy a
neo-classical production function for sugarcane of the

following type:
{6.14) Q(SC) = QSC(LSsC, ISC, KsC, Z, F, D)
¥

The definitions of the variables remain the'same,
and the term 'SC' replaces 'J' or 'R' to represent
sugarcane. The expected Income of the farmer from the

production of sugarcane is giyen by:
{6.15}) YSC* = P ({5C)*Q(5C) - PI.ISC

The formal argumeﬂts for deriving equation (6.15)
are the same as before. The objective of the farmer is to
maximize his income represented by equation (6.15). By
solving the maximization problem we can get the following

demand function for land:

Y
|

\t
(6.16) LDSC = LSC{P({SC)*, PI, KSC, Z; production
function parameters}

Like the preceding case, plugging in the 1land demand
function and the corresponding purchased input demand

function into the production function, we can get the

desired supply function for sugarcane as:

(6.17) QS (SCY* = QSSC*{P{SC)*, PI, KSC, I; production
function parameters}
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Tea

Tea 1is a perennial crop. Once planted, éhe trees
become productive after a lag of five years and then remain
in production for about a century.10 The yield from it,
however, fluctuates over the period. It starts with a iow
level, ¢radually rises to the peak and stays there for about
seventy to seventy five years before beginning to fall. Due
to the long time profile with variable yields, the
formulation of the supply function for perennial crops has
given birth to a great deal of controversy, While some have
used a capital-theoretic approach to the problem within a
Nerlovian framework, others have suggested Fhe use of
irreversible supply functions based on‘the conceﬁt that once
more land is plantéd with a perenniél crop due to favourable
price, it may be profitable not to remove them if there is a
fall {n the price. On the other hand, some economists have
used}ﬁ?mple Nerlovian supply functions with abpropriate lags
to get the short run supply response.ll It 1is not the
objective of the present study to go into the debates
surrounding the methodological issues involving the supply
functions of the perennial crops. Since ouft» primary
interest 1is to find short run elasticities, we postulate a
short run production function for processed tea of the

following type:

(6.18) QS(T) = QT{LT(-5), N(RT)}, N(PT), Z, F, D}
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where,

LT (-5) is the land area under tea plantation in five years
or more prior to the year of tea plucking. This ensures
that only productive plants are being considered in the

supply function. On the other hand, since tea plantation in

Bangladesh?® is of relatively recent origin, the problem of .

plants becoming unproductive due to ageing does not arise.

N(RT) 1is the number of workers engaged in the production

activity involving.raw tea.

N(PT) s the number of workers engaged in the processing of
raw tea. This represents the bulk of the short run costs
for Mconverting raw tea into 1its processed form. It should
be mentioned that since both the production and processing
of raw tea are usually done by the same entrepreneur, both
N(RT) and N(PT) merit Inclusion inte the short run

production function for tea.-

The rest of the variables in equation (6.18) are similar to

those defined earlier and need no further introduction.

It 1is very difficult to obtain reliable information
on N(RT) or N(PT). However, under perfect competition, the
employment of any factor equals the level where its marginal
product equa1§ the price in real terms, For labour it

implies

L
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(6.19) N(RT) = NRT(W%GR}
(6.20) N(PT) = NPT (WMNF)

\
&

o )
where WAGR is the real wage rate in the agricultural sector,

and WMNF is the real wage rate in the manufacturing sector.

Using the profit maximization method described
before and utilizing the equations (6.19) and (6,?0) we can
get a desired supply function for procéssed tea as: : -

(6.21) QS(T)* = QST*{LT(-5), P(T)*, WAGR, WMNF, 2;
production function parameters}

-

Equatizns (6.12), (6.13), (6.17), and (6.21) are the
supply functions for the four crops under‘study. These
functionﬁ have been derived from the viewpoint of the.
individual producer. We have already mentioned that the
aggregate supply functions will be forﬁed by keeping the

//Bumber of variablgs uﬁchanged. From now on, we shall use
(r these equations as national supply curves. For simplicity,
the names of the wvariables haye'not been changed in the
subsequent analysis where the same variables will now

represent national aggregates.

Vi.2.4 Specification of the estimating equations

It is not possible to estimate the agricultural

r

supply functions of the last subsection by incorporating all

of the theoretically relevant variables.. The main reasons
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for this arq.two fold:

First, we do not have_time series data on some of

the variables specified there, and

Second, it is very difficult to quantify some of the

variablesa}n physical terms.

In dealing with the first problem, our approach has
‘been to use all those va;iables for which data could be
gathered for a sufficiently long period of time. Labour
force émployed in the agricultural sector was taken as the
indicator of the purchased input. Thé data for its price,
the real wage rate in agriculture, was readily available.
D&ta on the level of capital stock in agriculture,
especially on its allocation between various crops could not
be obtained and, hénce, this variablel was not used in the
estimating equations. This may not be a serious problem, as
the agricultural sector of Banéladesh is still traditional
where the use of private capital (such as bullocks and
bloughs) can be viewed as proportional. to land. Similar
problems were encountered in. finding a suitable measure for
Z, the surrogate for non-price variables. Traditionally,-
economists have used vyield data or a trend variable to
capture the effect of technological change in agriculture.

However, we have seen in Chapter III that most of the

agricultural sector of Bangladesh has yet to experience any
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Eechnologiqal change or yield improvement. Consequently,
the use of such variabies.' as Surrogates will™ be
'inappr§priate in the context of Bangladesh. We :atﬁer
believe  that the total land constraint variable for each
crop will serve as a better proxy. for the surrogate
variab1e£} as many influences of non-pri?e . factors are

reflected in the 'availability of agricultural 1land for

cultivation. -

In reference to the second probLem mentioned at the
beginning of ﬁhi§:§ubsection,'the non-gquantifiable variables
in the supply functions are expected price and the desired
output for each crop which have been denoted by a
supeéscript (*). Both of these are subjective variables andg
very difficult to estimate empirically. But, after the
seminal work of Nerlove (1958), many authors have attempted
to quantify these variables based on different assumptions
as to how they ére formed. 1In the following discussions we
shall present some of these approaches and incorporate them
in our supply models to yield -various versions of the

estimating equations.

For(éqsf, our basic estimating equation is specified
below. The corresponding equation for rice can be developed

easily by substituting the proper variables.
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(6.22) QS({J)* = a(0) + a(l)P(J)* + a(2)P (R)* + a(3)WAGR

+ a{4)LIRF + error term

where a(j) aré regression coefficients, Jj = 0,1,2,...50 on.

Briefly stated the‘relationship between changes in

prices i;ﬁ -changes ‘in actual output can be described in

three steps:

(a) the effect of changes in current prices on price

expectations,l

(b) the effect of changes 1in price expectations on

equilibrium or desired output, and

(c) the effect of changes in the equilibrium output

on the level of current output.

The various assumptions regarding the formation of
price expectations and output adjustments will generate, as
we shall see below, the various estimating versions of the

supply response model.

The simplest possible approach to the problem is to
assume that current year's price expectation is given by the
actual price level of last year and that the equilibrium

level of output is obtained instantaneously, i.e.,

(6.23}) QS(J)* = QS (J)

(6.24) P(3)* = P(I){-1}
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(6.25) P(R)* = P(R){-1}

Substitution of equations (6.%3) to (6.25) into equation

(6.22) yields: -

(6.26) QS(J) = a(0) + a(L)P(JI){-1} + a{2)P(R)Y{-1}"

+ a(3)WAGR + a(4)LJRF + error term
W

It is interesting to note that above formulation is

embedded in the concept of traditional cobweb model and is

known as the "naive expectations model".

The ‘naive mechanism for the generation of
expectation parameters has beén ,critic{zed by wvarious
authors including Nerlove. He arqued that the reactions of
the farmers are influenced by changes 1in the expected
"normal prices"™, which is equivalent to our P{i)* defined
above.‘ As to the formation of this normal price
expectation, he postulates that it is the actual values of
the price variables in the past that determines it. In
specifying the way in which past prices exert their
influence, more weight should be given to the prices of more
recent past which calls for a weighted moving average of the
past prices. Nerlove derived .an expression of price
expectation based on the Hicksian concept of elasticity of
expectations.l2 If some kind of a expectéh normal price,
P(i}*, 1is assumed to exist at any point of time, then, in

“the Hicksian sense, P(i)* can be defined as last period's
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™
expected normal price, P(i)*{-1}, modifigd by some degree of
adjustment depending on the elasticity of expectations and
the‘actual price for last period, P(i){=1}. This led to the
development of Nerlovian adaptive expectations equations of

the following type:

~
o
| FaN
-

(6.27) PXI)* = P(I)*{-1}+ b{P(J){-1}- P(I)*{-1}}; O ¢

Fal
o
A
[

(6.28) P(R)* = P(R)*{-1}+ b{P(R){~1}- P(R)*{-1}}; O ¢

The ~above equations imply that current expected
price will be same as the past perlod's expected price but
for an amount broportional to the forecasting error of the
pasé period. For simplicity, we assumed that the price
expectation coefficient, 'b', is the same for both the
prices. In addition, following most of the empirical works
on aqricultural supply analysis, we have decided to treat
prices of jute and rice separately rather than use them in a
single wvariable expressed 1in relative terms. The use of
ratio of prices has one major disadvantage as it assumes
that any change in the prices of jute or rice will produce
the same quantitative effect on the dependent variable when
the estimation is done in 1log-linear form. Another reason
for wusing prices as separate variables 1is that it assumes
away some complications that hight otherwise show up as the

input prices are not influenced by the expectations.
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- Equations (6.27) and (6.28) satisfy the criterion of
being a moving average of past prices with the weights
declining as we move further back in time. This can be

shown by rewritﬁng them as:

(6.29) P(i)* = b,P(i){~-1} + (1-b)P (i) *{-1}, {1 = J, R.
.&' | .
Equation (6.29) is a first-order difference equation and the

solution of {t for P{i{)* in terms of P(i)}{-1} and 'b"
yields:

. x .
(6.30). P(i)* = = b(l-b) P(i){t-r-1}
Y= Q

It should be noted that in equation (6.30) we have
explicitly introduced< the time subscript for clarity of
exposition. If the expectation coefficient, 'b', is :éro,
expected prices do not depend on the past prices in any
manner. On the other hand, if b = 1, we go back to the

naive expectation model described in equation (6.26).

We now have a different model consisting of
equations (6.22), (6.27), (6.28) and (6.23). The reduced
form of this model results in the following estimating

equation:

(6.31) QS({J) = a(0)b + a{l)b P(J){-11 + a(2)b P(R){-1}
+ (l-b) QS (J){-1} + a(3) WAGR + a(4) LJRF

+ a(5) WAGR(~1)+ a(6) LJIRF(-1)+ error terml3
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The coefficient a(l}b can be used to estimate the

~short run elasticity of supply. The estimate  of a(l)

derivable from the above equation can provide the long run

supply elasticity. \

So far we have concerned ourselves with an adaptive
expectatidns model in which lags are specified in the
independent variables only. An alternative approach to the
problem, known as the partial adqutment model , specifies'
lagged adjustment in the dependent variable. In other
words, we no longer assume that farmers adjust their output
to the equilibrium level instantanequsly (i1.e., QS(i)* =
Qs {i)). If -this assumption is dropped, we can specify a

Nerlovian adjustment lag as follows:
(6.32) QS{J) = QS (@) {-1}+c{Q5 (@) {-1}*- Q5 (J){-1}};0 < c <1

The interpretation of the above output adjustment
equation is similar to the adjustment mechanism in the price
expectation explgined before. In this equation the output
adjustment coefficient is represented by 'c'. The farmers
are in a position to alter the output in any given period by
a fraction 'c' of the difference between the output they
would 1like to plant and the output they actually harvested
in the 'period before. Incidentally, it may be mentioned

that the magnitude of 'c' can be considered as the measure

of the speed at which actual output adjusts in response to
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the factors influencing the equilibrium outﬁut. When ¢ = 1,
the speed Iis {nfinite and the desired output is obtained
witho@i any lag. On the other hand, ¢ = 0 denies anyl
influence of equilibrium output on its current value.
Traditionally, the partial adjustment model has been handled
by assug}ng a naive price expectation model (i.e.,

P(l)*= P{1){-1}). In other words, equations (6.22), (6.24},

.25), and (6.32) define the partial adjustment model, the

reduced form of which is given by:

(6.X3) QS(J) = a(0)c + a{l)ec P(I)(-1} + a(2)c P(R}{-1}

+a(3)c WAGR + a(4)c LIJRF+ (1-c)QS(J)¥{-1} + error term

The equations (6.31) and ({6.33) based respectivelyf
on adjyptive expectation and partial adjustment models are
very similar in form. 1In fact, they are distinguished by
the existence of WAGR(~1l) and LJRF(~l) terms in the former,

which may create problems in interpreting these

equations.l4

The traditional partial adjustment model described
above 1is based on the nailve price expectation hypothesis.
It seems desirable to modify it by stipulating some other
specifications of price expectation into the model. Two

such modifications will be considered 1in the following

discussions.



}f ' 213

Goodwin (1947) | suggested a more sophisticated
approach to price expectations compared to the nalve
version. He allowed for a learning process on the part of
the cultivators and presented the following price

expectation equation:
(6.34) PO * = P(i){=1} + g(P({)[-1)-P(1){-2}}; -1 <g¢1

Equation (6.34) states that expected price at
current period {P({)*) equals actual price in the last
period plus or minus some proportion of the change in actual
price between two periods age and the last period. Muth
(1961) has referred to the above as "extrapolative
expectations® as it assumes that estimates of future prices
are formed by extrapolating the current prices, modifying by
a factor 'g', for the most recent observed change in price.
Goodwin's formulation, though better than the naive
formulation of price expectation, {s still naive compared to’
the declining weight approach specified in equation (6.30),

as it assumes that the farmers have a short memory.

Equations (6.22), (6.32), and (6.35) produce the

extrapolative expectations model, which reduces to:

(6.35) QS(J) = a(0)c + (1=c) QS(I){-1} + a(l)ec PI){-1}
+ a(2)e PRY{-1}+ a(l)eg {P(I){-1}-P(J){-2})
+ a(2)eg {P(R){-1}-P(R){-2}] + a(3)c WAGR

+ a(4)c LIRF + error term
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The. coefficients of PI(-1), a(i)q, can be used to
determine the short run elasticity of'supply'in this model
while the other coefficients can be utilized to find the
long run supply elasticity and the behaviourial

coefficients.

™e 1last approach we consider to modify the naive
expectation version of the traditional partial adjustment
model 1is to Include the Nerlovian expectation equations for
price, (6.25) and (6.26), directly iﬁto the model. For
simplicity, we 1gnofe the non-price variables and the

combined adaptive expectations and partial adjustment model

is obtained as:15

(6.36) QS(J} = w{0)+w(1)P (J){~1])+w(2)P (R){-1}+w(3)Q5 (J){-1}

+ w(d)QS (J){-2} + error term

The wvalues of the lag coefficlents can be computed
from this by comparing it with the structural equations.
Theoretically, the above formulation recognizes the
importance of both types of lags, lags in the formation of
price expectations as well as lags in ad}ustment on the part
of farmers. However, a problem arises because the lag
coefficients (‘b and ‘c') enter into the equation
symmetrically and it is not possible to distinguish one from
the other. Economists have often tried to do so on the

basis of a priori reasonings. However, in the present study
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our aim s to develop short run supply elasticities for
which we do not have to diétinguish the sources of lagged
adjusthent. The coefficlent w(l) can be utilized to compute

the short run own price elasticity of supply.

To summarize, the above discussions have yielded
five estImating equations for measur ing the supply response
of Jjute, namely, equations (6.26), (6.31), (6.33), (6.35),
and (6.36). By substituting rice for jute similar supply
equations can be generated for rice as well. The estimating
equations for sugarcane can also be derived from the above
analysis by making minor adjustments. As mentioned before,
in the absence of any theoretical knowledge as to how the
expectation or adjustment mechanism operates, all of the
estimating versions of the equations will be tried in order
to examine thelr respective explanatory power and the
equations which appear most satisfactory will be picked for

future use.

Since the.supply equation for tea is cast in a short
run framework and since the gestation period in tea (apart
from new plantation) 1is very small, the framing of
estimating equations was easler. The expected oprice
variable was replaced by the current price and the problem
of adjusting to the equilibrium output was not considered.
The task was further simplified by the fact that time series

data were available for all the relevant variables specified
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in .equation (6.21) except those for tﬁe surrogate varlable,
Z, and the production function parameters. The first
variable was dropped from estimation, leaving the lagged
acreage variable to capture . its “"1n§1uences. The'
non-availability of the production function parameters was a
problem ﬁgommon to all crops. The method employed as a

solution to this is discussed in the next paragraph.

Before concluding  this discussion on the
specification  of estimating équations, three general points
.Sshould be mentioned. -

First, 1in the absence of any precise knowledge of
the production functions, the(gupply equations for all four
créps have been estimated and reported in both.linear and

log-linear form.

Second, in all the estimating equations a dummy
variable has(EFen introduced for the period 1970-71, to take
account of the disturbances created by the political unrest

and the liberal struggle.

Third, two indices representing flood and drought
(denoted by sy%bols F and D) were added to each estimating
equation to capture the effects of the weather variasle.
The specifications of the producti&n funcctions described in
equations (6.1), (6.2), (6.14), and (6.18) Jjustify such

Inclusion.16 These indices were constructed from published
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stakistics on'rainfalliin various parté of Bangladesh in the
following manner. The country was divided into four reglons
and each region's total annual levels of precipitation was
we lghted 'by 1t§’ share in total agéicultural land of the
country. The weighted average of these four areas rqinfail
levels was taken as the level of annual precipitation in the
whole country for any glven yéar. An '%vr;age rainfall
figure for the entire sample period was then calculated by
taking the simple arithmetic mean of these ;eighted
averages. Next, for each year we measured the deviations of

the welighted averages from the mean value. If the

difference was positive, it was put {In the index of flood

and if it was negative, it was included {in the  index of-

drought .17 These indices, obviously, pertain to the whole
of Bangladesh. On the other hand, tea 1is grown in some
specific regions ‘of the country, and this makes those
indices quite 1irrelevant for tea. However, it was not
possible to get the rainfall data separately for the regions
Lgere tea is produced. As a result, these vaFiables ware

not included in the estimating equations for the tea supply

function.

Vi.2.5 Some problems in estihation

We have now specified the estimating equations for
the measurement of the elasticities of supply. In the

following discussion we plan to examine the common problems
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associated with the estimation of similar equaﬁions and' the

-

techniques that may be applied to overcome them.

Griliches '(f961) haé argued that most of.-the
variables in agriculﬁure are predetermineﬁ and as such,
single equation‘estimating mode1§ are approﬁriate for this
sector. ¥ Regarding the technique of estimation it is argued
that the application of the method of ordinary least squares
provideé the best llinear unbiased estimates"of. the
parameters given that the disturbance term satisfies the

following criteriatla\\

(6.37) Efu(i)u(i)} 0, for i ¢ j

some constant, s2, for i = j

0

(6.38) E{u({)X (i)}

whére u(i) is the term for random disturbances, and X (i) is

the explanatory variable.

However, a model involving lagged values of the
explanatory variables may often fail to satisfy the above
criteria, raising questions about the validity of the use of

the ordinary least squares technique.l9

It has been shown that these tfpes of models create
the problem of serial correlation in the error terms. Even
if the basic model 1is free from serial correlation, the
substitution of the expectation” equation 1is capable of
generating auto-correlation in the disturbance term.20

-

—~
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" Several _ methods have been suggestéd to overcome this

problem. KXlein (1958) assumed that the original disturbance

terms are serially independent. This enabled him to find an

‘estimating technique by transforming the model into one of

errors in variabies. Koyck _(1954)' developgd several
estimating techniques.- based on various éssumptions on the
relationships between the di;tu;bance term and the lagged
dependent ;ariables. His method has been described in .
Johnston (1972).21 A third method of dealing with this
problem is to apply simultanedus equation estimating
techniques as done by Behrman (1968), for example. _The

expectation models described earlier have marked similarity

. with systems of simultaneous equations. Provided the

conditions of identification are satisfied, we can apply the
technique of two stage.least squares. That is to say, we
first estimate ‘Q(i){-1} from-a finite term approximation and

substitute these values into the second stage estimations.

However, his method creates the problem of

multi-collinearity among several lagged variables, and may

A

fail to increase the.efficiency of the estimates.  Malinvaud
(1966) has discussed the various estimating techniques in

éimilar situations and has found that:

*...in spite of the imperfections {of:
least squares), least squares applied to
the autoregressive form is often the
best method for estimating a model whose
coefficients have a geometric or
negative binomial distribution.  For



220

there are two considerable advantages in

this method: the computation involved is

fairly ‘'simple, it has a fairly high

degree of efficiency since -it leads to

estimates whose variances are smaller

that those of other estimates and which

are not often too highly biased".22
The estimating technique employed for the models
with efﬁectation variables wi;l,_ therefore, be ordinary
least squares. The cost of its use will be that we will not
be able to test the hypothesis of the absence of serial
correlation. The usual method for testing its presence, the
Durbin-Watson tdgchnique, is not valid when there are lagged
dépendent variable$#. Though Durbin later suggested a test
statistic to be used when the above problem exists, his test
statistic, unfortunately,  applies to large sample
experiments only. As the sample size in our equations are
small, we are . unable to use burbin's statistic.
Consequently, we have to be careful in interpreting the

significance of our values for the Durbin-Watson statistics

reported along with the estimated equations below.

Finally, it should be mentioned that, since we have
not specified any expectation or adjustment meqhanisms for
the tea supply equations, the application of ordinary least
squares technique there  will <create none of the above
problems. The‘ actual results of the estimation for each
crop and selection of supply elasticities thefefrom is

described in the next subsection.

PRI PETR L N P
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VI.2.6 Selection of supply elasticities

In this subsection we will first report various
estimates of the supply functions developed above. . These
estimates. are done for the peried 18550 to.1977. Later in
this subsection we present an estimate of the supply
elasticiﬁfﬁ of jute in the world market. The five
behaviourial models stipulated in Subsection VI.E.S yield
ten estimating equations (five each for the log-linear and
linear versions) for Jjute, rice, and sugarcané. All of
these estimates have been reported in Tables 6.1 to 6. 3.

The correspondence between the equations reported there and

the underlying behaviourial models is as follows:

Equation (6:26) : Nalve expectations .
Equation (6.31) : Adaptive expectations

Equation (6.33) : Partial adjustment with
naive excpectations

Equation (6.35) : Partial adjustment with
* extrapolative expectations

Equation (6.36) : Partial adjustment with
adaptive expectations
J*

For convenience, the equation numbers have not béen changed
among crops even though they include diffe;ent variables
depending on the crop concerned. For tea, we specified only
one estimating equation and the two versions for it
(log-linear and 1linear) are reported in Table 6.4. These

tables are analysed in details below.
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Jute

Table 6.1 presents the estimated equations for the
jute _supply function. The explanatory power of some of the
equations, glven by the value of coefficient of
determination, is quite high relative to the rest and the
price of jute is statistically significant in all of them.
Among the equations with higher explanatory power, namely,
(6.26a) , (6.3la), (6.26b), and (6.31b), it is very difficult
to chose any one on the basis of theoretical arguments. We
shall, therefore, use equation (6.3la) on an ad hoc basis
and use the elasticity‘of‘supply implied by it, 0.69 in the
next chapter. It may be mentioned that the elasticities of
suppiy calculated from the 1linear estimates using the
average values for the variables over the sample period
range from 0.39 to 0.64 which is quite <close to the
corresponding estimates yielded by the log-linear versions,
In g@dition, it is interesting to note that Mujeri's (1978)
estimate gf the supply elasticity of jute for Bangladesh,
based on a linear specification of the supply function, was
0.69 which compares nicely with our own estimate, although

we used a different set of variables and time period.

Rice

For rice, the estimated equations are presented in

Table 6.2, As 1s seen there, the explanatory power of
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almost alli equations, except number (6.38b), is very good
and the price of rice has the proper sign in all of the
-equatiéns. However, it is §£atisticaliy significant in two
equations only, namely, (6. 36a) and (6.36b}.  The
elasticities of supply implied by these equations are 0.18
and 0.11& respectively. In view of the higher explanatory
power of the former, this shall be used by us as the rice
supply function for Bangladesh. The estimates of the
elasticity parameter for Bangladeshl rice done by others
using different techniques and sample period are Eomparable
with our estimate of 0.18. For example, Bussain (op. cit.)
‘estimated the supply elasticity for rice forlthe period
1948~-63 and found this to lie between 0.03 to 0.09. 1In
other studies, Cummings (1974) used the data for the years
1949 to 1968 and found a value of 0.13 for the parameter
while Askari énd Cummings (1873) estimated this to be 0.23
over the period 1950 to 1968. The fact that these estimates
are outdated was the main reason for rejecting them in this

study and compute new estimates.

Sugarcane

The ten estimated equations for the sugarcane supply
function .appear in Table 6.3. As is seen there, the
‘explanatory power of each of the equations is very good and
the price of sugarcane has the proper sign and |is

statistically significant in all the equations except
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(6.36a) and (6.36b). Again, we have no theoretical ground
for selecting any of the equations in particular. We have
decided to pick equation (6.33a) as the repfesentative
equation and the price elasticity of supply indicated by
this equation {is 0.31 which shall be used for further
calculat%ens. &he price elasticities calculated from the
linear versions of the equations range from 0.23 to 0.27
except that of equation (6.26b) where it assumes a value of

only 0.12.

Tea

Unlike the three crops mentioned above, tea has only
two estimating versions of the supply equation which are
reported in Table 6.4. The perfomance of both the equations
are quite ’satisfactory and the supply elasticities yielded
by them are 0.32 and 0.31 respectively. The former
represented by equation (6.2la) has been adopted for further

use .

Elasticity of jute supply in the world market

Apart from the supply elasticities for individual
crops, the present study also requires an estimate of the
elasticity of supply of jute in the world market. Although
several studies have been done concerning the role of jute
in the world market, none of these have estimated an

aggregate supply elasticity for jute taking the world as a
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whole,.23 Due to the constraints of of time and space, we
did not estimate the parameter ourselves. An alternative
method was usad to solve the problem. The study of Mujeri
provides estimates of the supply elasticities of jute for
India and Thailand while we have our own estimate of it for
Banglqﬂeig (which, incldentally, is 1identical with the
cé%fésponding estimate obtained by Mujeri). These three
countries together produce over ninety per cent of the total
jute production of the non-centra{}y Planned economies.24
As most of the small producers of jute use it for internal
consumption only, these three countries together virtually
control the total - supply of jute that enters into world
trade. Thus we decided to take the average of the supply
elasticities -in these countries, weighted by their
respective shares in production among themsélves. It is
important to note that Mujeri's estimates are not based on a
constant elasticity framework, but, as no other estimates
are. available, we have decided to wuse his estimates on the
assumption that tﬁese estimates w%%l be the same as supply
elasticities estimated in a constant elasticity
.specification.25, 26 The supply elasticities for these
couﬂtries and the shares of each country in total production

in 1977 are presented in Table 6.5 below.
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TABLE 6.5
ELASTICITIES OF JUTE SUPPLY
"IN MAJOR PRODUCING COUNTRIES

AND THEIR SHARES IN OUTPUT IN 1977

> Elasticity Share
s(3)3 z3
Bangladesh (j=1) .69% .376°
India (3=2) .71b .542¢
Thailand  (j=3) .82P ,082€

Source: a: Our estimate,Table 6.1; b: Mujeri (1978},
p.148; ¢: F.A.O0., Production Yearbook, 1978.

The elasticity of supply of jute in the world

market, sW(J), is given by:

S
(6.39) sW(J) = 2 zis(3)]
. ‘ 4=\

Substituting the data from Table 6.5, we get a value of

0.712 for sW(J} which will be used here as the estimate of

the world supply elasticity of jute.
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VI.3 Esthimation of the Remaining Parameters

VI.3.1 Introduction

In the last section we ﬁave_presented estimates of
the parameters of the supply function for the four crops
under sggdy. In this seéction, we present the eétimates of
the rest of the parameters. First of all, we estimate or
select the parameters for the demand functions. Next, the
parameters for the cost functions of .AREA Qill be derived.
The section concludes with the estimation or specification
of all other parameters of the model not includéd above or

in the previous section.

VI.3.2 Estimation of demand elasticitiesﬂ‘

Jute

~

A comprehensive ‘econometric estimate of the
Bangladeshi jute market is reported in Mujeri. We have
decided to use the parameters of the jute demand function
estimated by him for two reasons:

First, the sample period covered by Mujeri’ roughly .
coincides with our own period of study.

Second, Mujeri has computed both linear and

log-linear es;imates-of the, demand function: an approach we

~have used in estimating other relevant parameters.

-
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Mujeri observed that the performance of the demand
function in log-linear form was "decidedly better" and found

the elasticity of demand to be -0.878.

- Rice

Qgere has been no recent study of the rice market in
Bangladesh, sd that the task for estimating the price
elasticity of demand for rice was 1left to us. In the
absence of any a prior} kpowledge ‘on the forﬁs of the .
utility functi§n of the péople of Bangladesh, the aggregate
demand function fér rice has been. formulated on somewhat

pragmatic grounds and is described below:
(6.40) QD(R) = QDR{P(R)**, P(S)**, INC*¥*, POP} -

where,

QD (R) demand for rice by the total population

of Bangladesh

P(R)** : price of rice in nominal terms-
P{(S)** : nominal price of a substitute commodity

INC**

+*"

nominal income of the Banglédeshi people

POP total population of Bangladesh.

Each of these variables has previously been used by
different economists as an argument of the rice demand:

function, and, for the sake of brevity, we refrain-from any

further discussion of thenm.
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In equation (6.40), the price of rice appears“on the
right hand side implying that it is an ihdepeqaént-variable
in the demand function. This does nbt'dé;criﬁé the true
.characte;istics’ of‘the ricé marketl in“Bangladééh whére, as
we have already seen, the price is determined through the
interactigp of the forbés of demané andlsupply. In order to
incorporate this we have to replace eqqation,(6.40)\by the
following systeﬁ of equations: - |

é
(6.41) QD (R)

i

ODR{P (R)**, P(S)**, INC**, POP}

" (6.42) QTR

QS(R) + QMR - >
(6.43) OQD(R) = QTR
where,

- Q5 (R) ; domestic pfoduction of ricé

MR

-k

amount of imported rice

QTR . total rice available in the country

Equation (6.42) describes the supply situation in
the rice market in Bangladesh.27 Since QS{R) depends on
lagged prices and QMR depends on non-economic factors, both

of them are fixed for any given market period. Equation

(6.43) 1is the market clearfng condition. The reduced form -

of the above system is:
(6.44) P{(R)** = PR**{QS(R), P(S)**, INC**,  pPOP}

The above equation 1is theoretically a better estimating

‘equation than equation (6.40) and will be 'used by us. From

s i e 2 e b o s
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“this the original demand function and its barémetgrs can

always be derived.

In emé;r}cgl estimation, the major problem was the
existence of high deg:eé'éf collinearity between the price
of rice "and that of its substifﬁte.‘ To overcomevthis, we
decided to drop .the latter variable and deflate all
remaining relevant magnitudes by an index of prices other
thsn ‘rice. This qonvérted the nominal variables into real

terms and the modified equation takes the following form:
(6.45) P (R} = PR{QS (R), INC, POP}

where the variables without asteriks represent real

magnitudes.

We specified the ébove function in both linear and
log-linear terms fof the purpose of estimation. The
ltechnique of ordinary least square§ was app;iéd over the
sample .period 1965-77. Thé absence of reliable import
figures prior to 1965 prevented us from using any larger
sample period for study. The estimated equatibns in both
log-linear and 1linear versions a!‘ﬁ;eported in Table 6.6

below.

T

R .“.:Jﬁ":“

PO

- e
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TABLE 6.6
ESTIMATES OF PRICE ELASTICITY OF DEMAND

FOR RICE IN BANGLADESH DURING 1965-1977

PUEPIPR P

Eqn. No. Intercept QTR -  INC POP  D.W.C R2
>
6.45a 86.92 -3.52  -1.65 -1.83 2.02 .6l
(2.54) (-2.61) (=2.13) (-1.43)
]
6.45b 4270.72 -0.18 -0.00005 =-0.01 1.72 .53
(2.42) (-2.36) (~1.93) (-1.15)

a: log-linear estimate; b: linear estimate-
c: Durbin-Watson Statistics

Figures in the parenthesis are respective t—scores
It appears that the log-linear version of the equation has
slightly better explanatory power and is in no way inferior
to th