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GORDON GEMMILL AND CARL EICHER 

IntrodudtIon sidized tractor-hire and the inclusion of mechaniza
tion in government agricultural projects. Medium-

Many developing countries face major decisions on term policies are more indirect and less immediate in 
how rapidly they should mechanize their agriculture their impact, for example the establishment of a 
and on the role of the public and private sectors in domestic machinery industry or minimum wage legis
this process. To ignore such decisions is to make them lation. Long-term policies are the continuation of the
by default. The decisions are particularly acute since other policies over several decades in acrordance with 
underemployment and unemployment are rii.'ng in some vision of the type of society to be established. 
many such countries. Mechanization involves the sub- Very roughly, short term policies have a horizon of 
stitution of capital for labour, but there may also be 0-5 years, medium term policies of 5-15 years and long 
a counterbalancing increase in the 'hmand for labour term policies of more than 15 years.
following mechanization due to increases in cul- The economic analysis of mechanization policies
tivated acreage and crop intensity. Therefore, a care. may be considered at two levels of abstraction. First,
ful empirical analysis is required if the outcome of there is the more technical question of the amount 
each alternative policy is to be predicted. of change in output, employment and income which 

Government has at its disposal an array of policies will result from each policy. Second, there is the ques
which affect mechanization. At the one extreme, gov- tion of who will bear the costs and who receive the 
ernment may simply allow mechanization to occur at benefits, i.e., what will be the result of each policy on
the rate decided by free-market forces and accept the the distribution of income, wealth and power in so
social consequences. At the other extreme, government ciety? 
may be directly involved in controlling the mechani- Economists have often condemned rapid mechaniza
zation process. Policies which affect mechanization tion with only a rudimentary (if any) empirical an
may conveniently be divided into short, medium and alysis. They have made prescriptions which are clearly
long-term categories. We define short-term policies normative, such as "all factor-prioe distortions should 
as those dirertly affecting mechanization, such as sub- be removed" or "mechanization is bad because it dis-
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places labour." As several researchers have shown, the 
mechanization question is an empirical one which 
cannot be solved with rules of thumb or cursory an-
alysis. Economists often condemn agricultural en-
gineers for using such rules of thumb as "0.2 h.p. per 
acre is the minimum acceptable level" or the concept 
of a "mechanization ladder" as guidelines for policy-
making, but the economists are equally guilty of 
reaching conclusions in the absence of thorough em-
pirical analysis. 

This ADC/RTN Seminar brought together a group 
of economists and one engineer, who were currently 
engaged in research on farm mechanization in de-
veloping countries in order to examine alternative 
methods of analysis. The report begins with a re-
vievi of the major arguments in the mechanization 
controversy, continues with an examination of the 
different kinds of empirical research needed for policy
analysis and concludes with some suggested redirec-
tions in research on the economics of farm mechaniza-
tion in developing countries. 

nOveMechanization Controversy
An Overview of the 

Let us define mechanization as any form of power
assist or repace hand labour in agriculture.used to asocial 

This definition therefore includes ox-power, two-
wheel tractors, four-wheel tractors, combines, mechani. 
cal threshers, etc. as types of mechanization. The con-
troversy concerns whether government should eli-
courage or discourage the increased mechanization of 
agriculture as part of its policy of agricultural de-
velopment. The proponeiJts of mechanization have 
included many agricultural engineers, who have em-
phasized the technical efficiency of greater mecliani-
zation, and the land-owning members of society, who 
view mechanization as a way to increase their own 
incomes, often via the displacement of tenants. The 
opponents of rapid mechanization have included most 
sociologists and economists, who have emphasized both 
the role of mechanization in creating unemployment 
and the unequal distribution among rural people of 
the benefits arising from mechanization. We consider 
the mechanization of agriculture to be inevitable, but 
the real questions are how rapidly the process of 
mechanization should be allowed to occur and what 
types of machinery are a,.propriate. 

The heart of the controversy is the conflict between 
goals whici- occurs in any society. Let us suppose that 
government has some stated goals, such as increasing
GNP, increasing employment and avoiding a very un-
equal distribution of income. Let us further suppose 
that government has two mechanization policies in 
mind: the first is to build a tractor-manufacturing 
plant and rapidly mechanize agriculture by providing 
tractors at a price less than the cost of production; 
the second is to impose very high import duties on 
tractors and fuel and to encourage the use of ox-

power via an agricultural extension service and credit 
agencies. Let us further suppose that the first policy 
leads to greater output, lower food prices, higher un
employment and a less equal distribution of income 
than the second policy. Which policy is the "right" 
one? That depends on the importance of one goal 
relative to another. Economists and engineers both 
try to assist government in policy-formation but, be
cause they often place different values on the goals 
due to their particular disciplinary orientations, they 
give conflicting policy-advice. An example of this con
flicting advice is illustrated by the following quota
tions concerning Pakistan. Giles, an agricultural en
gineer, emphasizes the importance of mechanization in 
increasing farm output. Bose and Clark, economists, 
emphasize the social consequences of such mechaniza
tion: 

(There should be) . . . an expansion of tractors to meet 
the minimum 0.2 h.p./acre at the earliest (time), 1985 
or earlier. This requires a minimum increase at a 12 
percent compound rate starting with 4,000 tractors per 
year (averaging 35 usable h.p.) in 1966. (Giles, 1967, 
p. 22) 
(If Giles' recommendations were implemented) . . . in 
1975 the direct costs to society . .. would be about 330 

million rupees and the direct benefits would be around 
200 million rupees . .. Similarly for other years directbenefits would be considerably smaller than direct 
social costs. Moreover, the indirect social costs, mainly 
arising from thrcwing large numbers of farm labourers 
out of employment, may be considered much greater than 
the possible indirect benefits. (Bose and Clark, 1969, 
p. 294) 
Having suggested that different policy-prescriptions 

arise primarily from differences in the weighting of 
goals, let us turn to the data and analyses from which 
prescriptions are drawn by economists. First, we must 
decide what sort of data are needed, i.e., we must 
decide what effects mechanization may have. Second, 
we then need to collect representative data to ex
amine these effects. Table I is an example: it sum
marizes the types of losses and gains which may oc
cur (and therefore need to be measured) for a single 
change when bullock-power is replaced by tractors. 
The most important economic changes concern pos
sible increases in acreage cultivated, increased time
lines and higher yields, changes in crop mixture, costs 
of machinery and fuel, saving of labour and saving 
of land previously used for bullock fodder. Social 
gains may include an increase in leisure and social 
losses may include unemployment and a widening of 
income differences. 

Table I demonstrates the extremely large number 
of variables to be measured in evaluating the impact 
of a single change in technology on-farm. But the 
researcher still needs to aggregate over a representative 
sample of farms and villages if he wishes to reach 
conclusions on the way in which a certain regional 
or national level of mechanization would affect so
siety's goals (of GNP, employment and equitable 



- Table 1i Village-Level Cost-Benefit Budget: An Example of 
a Change from Bullocks to Tractors 

LossesW 

Revenue Lost 


Custom Work (Bullocks) H.PHB 


Extra Costs 


Fuel, Service, Reapirs 
 HT 


Hired Labour ALH'PL 


Loss of Cash Income AY
1 


Social Loss 


Polarization of Income Distribution 


Increase inUnemployment 


Polarization of Village Structure
 

Key
 

AYl a Loss of Cash Income 


AY2 a Gain InCash Income 


QI *".Qn
aOutputs 


A = Acreage of Crops 
Kr aTractor Running Costs 

M& - Bullock-Equipment Running Costs 
'AB - Bullock Land in Acresk 


Gains~/ 

Extra Revenue
 

Yields Increase 


Crop Intensity Rises
 

Crop Mixture Changes 


Acreage Increases 


Custom Work (Tractor) 


Alternative Use of Bullock Land 


Costs Saved
 

Bullocks' Concentrated Feed 


Hired Labour 


Maintenance of Bullock Equipment 


Gain inCash Income 


Social Gain
 

$ 

AQI.PQ
 

Q3.PQ 

AA'Q/A PQ
 

H.PHT
 

AB.QA .PQ 

F.P
F
 

ALH.PL
 

MB
 

AY
2
 

Increase inLeisure and Decrease inDrudgery
 

Increase in Prestige of Some Individuals
 

LH - Hired Labour
 

F = Bullock Feed 

PQ = Vector of Product Prices 

PL = Wage Rate 
PF = Price of Bullock Feed 

PHB = Price per Hour of Bullock Custom Work 

PHT Price per Hour of Tractor Custom Work 

a/The gains and losses of income (or "cash flows") occur over-many years but are shown for one year
in the table. Internal Rate of Return iscalculated from: 

n Y21 "Ylin AY2 - AY1 Cu 
E 

where, AY21 - AY~i -Change in cash flow Inyear i,C = Capital costof 6project, n * ProJectrlife, 
r - internal rate of return. 



Table 2. Classification of Economic Studies of Farm Mechanisation 
in Less Developed Countries, 

Cost-
Benefit 

Short-term 

Cross-
Section 

(Static) 

Linear 
Programming 

General
Equilibrium 

Meditum-term (Dynamic) 

1Program-
Budgeting ming Simulation 

Long-terLog t r 

Historical 

(Perspective):-(•r pIec i ') . 

Instrumental 
Baldwin [1957] 
Chancellor [1969]
Dalton and 

Enikwaw [1971] 
Ellis [1972] b 

Ahmad [1972] 
Clayton [1965] 
Gotsch [1973-a] 

L 
U 

Green E19711 V-
Kolawole [1972Y 

c 
a 

Laurent [1968] 
Lidman [1968] _ . 

1 Lord [1963]
Peacoc!: [1967] 
Purvis [1968] 
Renaut [1966] 
Van Wersch [1968] 
Weil [1970]
Yudelman [1971] 

R 
e 
g 

o 
n. 

C'!pra [1972]
GemiI [1971] 

Donaldson 
and 
Mclnerney
[1973] 

Inukat 
E1970] 

Johl 

Panagides and 
Ferreira 
[1970]

Vaurs [1971] 

Singh and 
Billings 
[19713 

Singh 
and Day 
[1972] 

Sngh 
and Ahn 
[1972 

Day[1967] 
D 

a 
1 

[1970] 
-Rao 

__ __ _ [1972] 

C 
0 
u 
n 

t 
r 
y 
w 
i 

Bose and 
Clark 
[1969] -

Kaneda 

[1969]
Tin2er 

Weitz-Hettelsater 
Engineers [1971] 

Thirsk [1972] 
Sanders [1973] 

Johnston, 
Cownie 
and Duff 
[1970] 

Johnston 
and 
K1972-a]Kilby 
['1972] 

Johnson, 
et. al. 
[1971] 

Rossmill-
er, et. 
al. 
[1972] 

Jasny [1936] 
Kautsky [1900]
Marx [1966] 
Miller [1970] 
Mesa-Lago [1971] 
Roberts [1972]
Wheelright and 

McFarlane 
[1970] 

Gotsch [1972] 
Schmitz a Secke 

[1970] 

, 
e Whetham [1970]White [1964] 

,Weinclude only those cited in the text.
 
Yhese cost-benefit studies were economic, rather than just financial in 
nature (see text for explanation).
 



income distribution). In this assessment the researcher 
also needs to look at possible backward linkages, such 
as employment in machinery manufacture, and for-
ward 'linkages, such as lower food prices and hence 
higher real incomes leading in turn to increased con-
sumption demand. In the discussion which follows we 
will look at different approaches to relating the losses 
and gains in reaching policy prescriptions. 

Methods of Analysis of Mechanization 

Aomicrevie of thiteatr r, esig opistio-
nomic studies of mechanization, while using sophisti-
cated methods of analysis, have relied on very dubious 
assumptions to compensate for their lack of repro-
sentative data. Unjustifiably general conclusions have 
been drawn from studies of single mechanizationschees gegrapicar liite aras. conmic 
schemes or limited geographical areas. Economic 
studies of mechanization have usually been the prod-
ucts of lone economists who have not had the resources 
to analyse a number of alternative technologies or toexam ine the interactions betw een technology and the 
labour, input (capital) and product markets. Few 
studies have looked at the effect of population growth 
on labour supply or have examined the sensitivity of 
their results to changes in some key parameters. Table 
2 classifies some of the most important studies of 
mechanization according to the type of policy de
cision (short, medium or long-term) to which the 
research was, either implicitly or explicitly, directed. 

This RTN seminar concentrated mainly on short 
and medium-term policy-research and the contribu-
tions by participants are included in Table 2. The 
application of the different methodologies shown in 
Table 2 will now be discussed, concentrating on the 
discussion which arose in the conference. We begin in 
the left-hand box of Table 2, the use of cost-benefit 
analysis for short-term policy decision on mechaniza-
tion. 

1. Cost-Benefit Analysis 
Our chosen study is that of Timmer (1972), on the 

choice of milling facilities for rice in Indonesia. An 
engineering firm completed an appraisal in 1971 and 
recommended that a small number of large, capital-
intensive facilities be established throughout the coun- 
try (Weitz-Hettelsater Engineers, 1971). The engineers 
conducted a financial cost-benefit analysis in which 
the costs and benefits were valued at current market 
prices. Timmer completed an economic cost-benefit 
analysis in which he corrected for certain distortions 
of the market price such as an overviued currency 
exchange rate. More importantly, Timmer assumed 

1that the real cost of labour was -wer than the market-
hiring price.' His conclusions were in direct contradic-

I'This difference in method of pricing is the core of economic 
cost.benefit analysis. For a clear exposition s: J. Price Gittinger,
The Economic Analysis of Agricultural Projects. Baltimore: 
Johns Hopkins University Press, 1972. 

tion with those of the engineers. The latter recom. 
mended equipment costing $63.2 million and employ. 
ing 7,300 people while Timmer recommended small 
power-mills at a cost of $12.5 million and employing 
14,700 people. Timmer's study ably demonstrates the 
importance of economic ratit,,, ,han merely financial 
analysis for decision-making. 

Timmer's study of processing differs from the usual 
study of the mechanization of agricultural production. 
Firstly, Timmer was provided by the engineers with 
a very full report on technical input-output relation.ships for the five types of mill under consideration. 
The provision of such data on alternative mechani
zation options for an entire country can be very ex. 
pensive. Secondly, unlike rice-milling, agricultural 
production involves multiple products and has a sea
sodutin its mnd rou ch ak h assonality in its demand for labour which make the as
sessment of benefits and costs (especially the real cost 
of labour) very difficult.

Cost-benefit analysis is the simplest approach to the 

appraisal of mechanization. It is very useful, but hasg n r l y b e o f n d t i g e a t r ai e t h 
generally when alternatives may in factpresent system, manybeen confined to a single alternative to the 
exist. However, the method can handle multiple al
ternatives. A second shortcoming of many studies has 
been their concentration on financial rather than 
economic analysis for policy-making. 

2. Cross-Section and Time Series 

A second approach to short-term policy research is 
to conuc aross o seyiof are in an 
area where several levels of mechanization are in co
existence. Alternatively the researcher may do a "be
fore" and "after" analyis of selected farmers thus 
constructing a time-series. Donaldson and Mclnerney 
(1973) attempted to combine both approaches--cross. 
section and time-series-in a study of the impact of 
tractors in Pakistan. They interviewed 208 farmers, 
located mainly in the Pakistan Punjab, who repre
sented a 3.5 percent randnm sample of the farmers
accepted for World Bank loans. The farmers were 
questioned about the 1966/67 (before loan) and 
1969/70 (after loan) seasons. Only half of the farmers 
interviewed in 1971 had actually received loans, so 
the researchers believed that they would obtain a good 

comparison of mechanized and nonmechanized farms. 
Unfortunately the comparison was slightly blunted by 
the fact that most of the farmers who had not re
ceived loans had also mechanized their farms in the 
intervening period. 

The usual approaches to analysing such surveys are 
to use chi-squared tests, analysis of variance and re
gression analysis. Donaldson and Mclnerney used 
chi-squared tests. Their major finding was that, fol
lowing mechanization, farm size had grown by 240 
percent. This growth was predominantly accomplished 

by the eviction of tenants, although some land was 
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brought into cultivation and other land was bought 
or rented. 

The study of Donaldson and Mclnerney gave a 
very clear indication of the level of tenant eviction 
which followed mechanization in this area. However, 
several RTN Seminar participants had reservations 
about the sample used and the accuracy of recalled 
information on such parameters as cropping intensity. 
Nevertheless, the usual cross-section study has used 
even less accurate information and as a consequence, 
has attributed all observed changes to mechanization.2 

3. LinearProgramming 
No paper on linear programming was presented at 

the RTN Seminar, although Carl Gotsch was present 
and had used this approach in conjunction with 
Bashir Ahmad (1972) in Pakistan. Linear program-
ming is best suited to analyzing the impact of mech-
anization on individual farms, i.e., in a linear pro. 
gramming study one would analyze a small number of 
farms intensively rather than obtaining a broad over-
view such as comes from a cross-section survey. Bashir 
Ahmad conducted a small cross-section survey and 
then programmed a representative farm which had 
been extracted from the survey. By running the pro
gramme with different levels ,__ mechanization, an 
indication of changes in output, income and employ-
ment following mechanization is given. Ahmad's chief 
finding was that the financial incentive to mechanize 
with tractors was very great if ihe farmer had a sup-
plementary supply of water available. 

The main problem of the linear programming ap-
proach is its assumption that the farmer maximizes 
profit subject to certain constraints. The overriding 
constraint of risk-aversion is not easily incorporated 
into this method. Nevertheless, it is probably the best 
tool available for short-term analysis on individual 
farms and this accounts for its widespread use in 
Amet ica and Western Europe. 

4. GeneralEquilibriumModels 
Thirsk (1972-a, b) in Colombia and Sanders (1973) 

in Brazil have examined the factors influencing the 
rate of mechanization for a whole country, using ag-
gregate data. These are "general equilibrium" studies 
because they begin by assuming that a country's fac-
tor and product markets are at a static equilibrium, 
They then attempt to show what equilibrium would 
exist under alternative factor and product prices. A 
discussion of Thirsk's study follows, 

Thirsk was interested in discovering whether the 
Colombian Government's policy of providing credit 
for mechanization at half the market rate of interest 

- For example, if higher yields follow mechanisation It is not 
necessarily correct to say that mechanization "caused" higher 
yields The higher yields may have resulted from other changes, 
such as increased fertilizer, better seeds, improved irrigation, 
etc. which occurred at the same time as mechanization. 

had increased or decreased GNP and employment, and 
whether the benefits of mechanization had accrued to 
(the owners of) land, labour or capital. Using data 
from a variety of sources, including a national farm 
management survey and the National Accounts, he es
timated the elasticity of substitution between labour 
and capital in agriculture as approximately 1.4, a 
figure similar to that in other countries.3 He then 
built a small simultaneous equations model of Co. 
lombian agriculture, concluding that the subsidiza
tion of mechanization had lowered GNP, favoured the 
capital-owning segment of society and resulted in low
er agricultural employment. 

Thirsk's work was analytically very elegant and did 
show the effect of one government policy. Such ag
gregate analysis would be a useful complement to 
micro-studies in moving from short-term into medium
term analysis. However, as Thirsk suggested, institu
tional questions such as land reform may be of much 
greater importance in Colombia's developuient than 
the question of whether to subsidize mechanization. 
The analysis did not indicate what "should be done 
next" with respect to policiei for selectively mech
anizing agriculture. 

5. RecursiveProgrammingof RepresentativeFarms 
This approach is in the medium term category, 

since it is an attempt to simultaneously examine pro
duction and investment through time in representa
tive farms. Other possible medium-term approaches 
listed in Table 2 include simple budgeting through 
time, such as the work of Johnston, Cownie and Duff 
(1970), and the simulation approach to agricultural 
policy evaluation of Rossmiller, et. al. (1972). 

At the seminar 1. J. Singh discussed his work with 
recursive linear programming in the study of agri
cultural development in the Indian Punjab (Singh 
and Day, 1972). This work was not initially intended 
as a study of mechanization, but of the underlying 
factors in operation as agricultural development oc
curs. The study treated mechanization as one factor 
influencing the process of development. 

The method consists essentially of a series of an
nual linear programmes, the constraints on one year's 
programme being dependent on the results of the 
previous year's programme. Using their model Singh 
and Day simulated the impact of new technology (in
cluding mechanization) in the Punjab for 1952-65 and 
also made projections to 1980. They predicted that the 
absolute demand for labour would decline 10 percent 
between 1970 and 1980 because of mechanization and 
this would result in a surplus of labour. The rate of 
mechanization was shown to be insensitive to small 
changes in wage and interest rates, hence the poten
tial influence of government policy was severely limit
ed. 

3 Sanders also found a similar figure in Brazil.
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Recursive linear programming is undoubtedly a
useful approach to analyzing firm growth over time,
but its, capacity to make regional projections is ques.
tionable since it treats a region as an aggregate of one 
or a small number of farm sizes.4 Although changes
in the pattern of land ownership, input industries and 
the labour market could possibly be incorporated,
the resulting model would be a "monster." Perhaps
recursive linear programming could be used for a 
micro analysis of representative farms in conjunction
with a more conventional budgeting approach to 
macro appraisal. 

6. 	Long-Term InstrumentalResearch 
These studieb .,re concerned with showing the effects 

of different institutions on long-term development. An 
example is the work of Carl Gotsch (1972), who 
compared the impact of mechanization in Pakistan 
with that in Bangladesh, concluding that the impact
in 	Pakistan had been less equitable due to the differ-
ent institutions there. Notably, the distribution of 
land, capital and power in the two societies was dif-
ferent. In Bangladesh (divisible) tractor-hire had 
spread the benefits of mechanization whereas (indi-
visible) private ownership in Pakistan had led to evic-
tion of tenants. Gotsch believed that economic studies 
needed to be integrated into a political and social 
framework if they were to be relevant for decision-
making. 

In the seminar, Gotsch expanded on his recommen
dations for policy-relevant research. He contended 
that it was not sufficient to present a decision-maker 
with some alternative policies. He urged reserrchers 
to find ways to actively implement their policy rec-
ommendations. The activist should be subtle, however. 
For example, it would be useless to condemn tractor 
mechanization when discussing the matter with a 
Minister if the latter's brother-in-law had a large farm 
benefiting from rapid mechanization. Gotsch felt that 
in such a situation the researcher would be wiser to 
demonstrate to the decision maker the trade-off be-
tween personal financial gain and potential social 
unrest following rapid mechanization and tenant-dis-placement. 


pac eied tA 

Gotsch believed that institutional questions had


received too little attention in the sem inar. For ex-

ample, tractor subsidization as a factor-price distortion 

was approximately equivalent in importance in most 

countries to agricultural taxation. Land reform was 
often of far greater importance in combating the 
spread of socially-undesirable mechanization than the 
removal of either subsidies or taxes. 

Gotsch sketched out a block diagram of the general
decision-making environment to show how the nation-
al regime, government bureaucracy and local power 
structure each influenced the choice of technology and 

4 Singh and Ahn (1972) treated Southern Brazil as an aggrc-
gate of three farm sizes. 

interacted with each other. He believed that the
seminar had concentrated too narrowly on the simple
economics of technological choice without concern 
for the political environment. In some countries, stu
dents, the military, and the urban populace might be 
more important in determining agricultural policy
than anyone in the agricultural sector. Finally, on the 
question of methodology, Gotsch believed that no 
single approach was sufficient, but a combination of 
cross-section and time-series surveys was needed to 
provide the data for model building of some represen
tative farms as well as giving a broader view to complement such model building. 

There was disagreement by some participants on
Gotsch's definiion of the role of the economist. Some 
people argued that the greatest need at present was 
for an improvement of farm and regional-level an
alysis of income, employment and equity following
mechanization. They believed one could not approach
the decision-maker until a thorough, basic analysis
had been completed. Other participants believed that 
the economist made allowance for the political en
vironment by proposing an extreme policy, while 
really hping to find acceptance for a inure "palat
able" second-best policy. To summarize this difference 
of viewpoint, Gotsch argued for an analysis of the 
effects of redistribution of property-rights (e.g., land 
reform) whereas traditional economic analysis takes 
the distribution of prmperty-rights as given. 

7. 	 Needed Redirectionsin Research on the Economics 
of Farm Mechanization in Developing countries.5 

The participants were divided in the area on which 
they would lay greatest emphasis. Adherents to 
Gotsch's view believed that confronting policy-re
search with the political and social institutions of a 
country was the most important redirection. Others 
believed that revising the present methods of analysis
and improving the data-base were more important.
However, the following redirections might have been 
generally approved by the participants: 

a. 	 Gen Pig P.esearch to Short, Medium and Long-Tern, Policy Questions 
large percentage of economic studies of 	farm

mechanization have not clearly specified the policymeh tion b enpl ear cs i g sho l d 
questions being pursued. Research design should 
include an explicit statement of the policy questions 
to which the research is directed, in order that the 
research can be tailored to meet specific short, 
medium or long-term policy questions. 
b. 	 Single Versus Multiple Mechanization Options 

Although studies of single mechanization options
(e.g., tractor hire schemes) are relatively easy to 
carry out, they are of limited value to policy makers 

3This discussion is taken from Gemmill and Eicher (1973)and may not represent the views of all the RTN Seminar par
ticipants. 



who are faced with choosing among alternative 
mechanization options. Research in the short and 
medium-tertn should emphasise the trade-offs in-
herent in alternative mechanization options for 
specific commodities, geographical areas, etc. 

c. DataNeeds 
Much of the secondary data available through 

government farm surveys are inadequate for policy 
analysis on mechanization. Such surveys give back-
ground information (e.g., sizes of holdings, man/ 
land ratios, implements in use, etc.), but cannot 
show the changes in output, income distribution 
and the demand for labour which follows mechani-
zation. To estimate these variables, year-long micro-
level surveys of farm production and rural non-
farm activities are required. 

d. Short-Term Research 
Short-term research will continue to be an im-

portant service to policy-makers ,since urgent deci-
sions on mechanization are taken every day. Single 
economists, or a small group of economists, carry-
ing out short-term studies should take into account 
the following: 

i. Financial versus economic analysis. Much 
of the confusion between engineers and econo-
mists (and frequently among economists) on
mechanization stems from a lack of clear under
stcanigztatn stes finmlanc clearundeThereofstanding that the (financial)) profitability of 

mechanization to an individual or project may 

differ from its (economic) profitability to society. 
The economic profitability is calculated using 

prices which reflect the true scarcity of resources, 
..e., in the economic analysis factor-price distor-

tions, such as an overvalued currency exchange 
rate, are corrected. Both financial and economic 
analyses are ssential for sound policy analysis. 
Economists ave often accounted for a limited 
number of factor-price distortions without recog-
nising that other such distortions may be counter-
balancing. Research on factor-price distortions 
should be as comprehensive as possible. 

ii. Limited conclusions. Many short-term stud-
ies have "masqueraded" as medium-term studies 
(i.e., they have drawn very general conclusions for 
whole regions or countries when they are only 
relevant to specific locations and the present time). 
It would be judicious sfororhotemrsacestoforshort-term researchers to 

an
recognize the limitations of their data and 


alysis. 


iii. Analytical techniques. Cost-benefit analysis 
has proved useful at the local, regional and na-
tional levels. However, linear programming is a 
preferable tool for analyzing mechanization on 
individual. farms, since a number of alternatives 
can be intensively studied with computatioual 

ease. Although multiple regression analysis of 
cross.section data is potentially useful, it has been 
of limited use to policy-makers as a result of in
adequate data and of the bias resulting from the 
omission of relevant variables. For example, the 
total increase in output in a region may wrongly 
be attributed to increasing mechanization when 
increased irrigation, which was not measured and 
not included in the regressmn analysis, may have 
been equally important. 

e. Medium-Term Research 
Economic research on mechanization per se is too 

narrow to guide policy-makers in the medium-term 
time horizon. Consequently, research on mechaniza
tion should be incorporated into a broader study of 
agricultural production systems which analyze the 
interactions between packages of technology and 
the Irbour, input (capital) and product markets. 
Such a study implies a team approach which in
cludes economists, engineers, sociologists and tech. 
nical experts (agronomists, soils specialists, etc.). 
Other important issues in carrying out medium
term research include: 

i. Methodologicalproblems. Operational meth
ods for tracing the impact of mechanization on 
income, employment and income-distribution in 
the medium term are still in the formative stage. 

is a need for further conceptual work, such 

as that of Gotsch (1972) and Thirsk (1972-a). A 

further need is for more research on the aggrega

tion bias which occurs in the prediction of aggre

gate variables frow, representative micro-data. 
ii. Analytical techniques. Budgeting is a stan

dard and useful technique for elementary ap

praisal of a limited number of mechanization 
policies, but when many alternatives are being 
consideted computer simulation is much more 
efficient. Unfortunately, most developing coun
tries do not have sufficient and reliable micro
data for simulation to be useful in policy an
alysis at the present time. Although recursive 
linear programming (RLP) is not endorsed by 
many scholars, it has great appeal as a framework 
for making projections for individual farms 
through time. However, we are skeptical about its 

capabilities in aggregate analysis of alternative 
is a needconceptual work thereanalyticalmechanizationmore options. Clearlyon tech

niques for the medium term. 

f. Selective Mechanization 
Mechanization is so country-and-commodity-spe

cific that it is impossible to give general policy 
recommendations. It is also fruitless to discuss "a 
national mechanization strategy to minimize labour 
displacement" or "policies to maximize agricultural 



development while minimizing social conflict."' Re-
searchers should recognise that there are trade-offs 
between the goals of agricultural development on 
the one hand, and avoidance of social conflict and 
labour displacement on the other hand. The most 
acceptable policy on mechanization will necessarily 
be a compromise between alternative goals. One 
type of policy which embodies such a compromise 
is concerned with selective mechanization to over-
come seasonal labour bottlenecks. Once these bot-
tlenecks have been identified, engineers and agron. 
omists may direct their research to breaking them 
and the economists may devise policies which will 
encourage the selective mechanization of such bot-
tlenecks, without leading to the mechanization of 
all farm operations. 

Bibliography 

Abercrombie, K. C. (1972). "Agricultural Mechanization 
and Employment in Latin America." International La-
bour Review, CVI, 1 (July), pp. 11-45. 

Ahmad, Bashir. (1972). "Farm Mechanization and Agricul. 
tural Development: A Case Study of the Pakistan Pun-
jab." Unpublished Ph.D. dissertation, Michigan State 
University.

Bose, Swadesh R. and Edwin H. Clark, 11. (1969). "Some
Basic Considerations on Agricultural Mechanization in 

West Pakistan.' The Pakistan Development Review, IX, 

3 (Autumn), pp. 273-308. 

Chancellor, William J. (1970). Survey of Tractor Con-
tractor Operations in Thailand and Malaysia. Davis: Ag-
ricultural Engineering Department, University of Cal-
ifornia. 

Day, R. H. (1967). "The Economics of Technological 
Change and the Demise of the Sharecropper." The 
American Economic Review, LVII, 3 (June), pp. 427449. 

Donaldsoi|, G. and J. Mclnerney.quences (1973). "The Conse-of Farm Tractors in Pakistan." Development 
qenocsofearmeTractrinaist an D opeont
Economics Department. International Bank for Recon-
struction and Development. Washington. D.C.. March 

Eicher, Carl; Thomas Zalla; James Kocher and Fred 
ich.Winch. (1970).(1970). EoymEmploymentent GenJameratioGeneration AR.inin Africanran Ad 

rirulture. Research Report No. 9, East Lansing, Mich-
igan: Institute of International Agriculture, MichiganState University. 
StteniveGrsity. d r(1972-b).

Gemmill, Gordon and Carl K. Eicher. (1973). A Frame-
work for Research on the Economics of Farm Mechaniza-
lion in Developing Countries. African Rural Employ. 
ment Paper No. 6, East Lansing: Department of Agri-
cultural Economics, Michigan State University. 

Gotsch, Carl H. (1972). "Technical Change and the Dis-
tribution of Income in Rural Areas." American Journal 
of Agricultural Economics, LIV, 2 (May), pp. 326-341. 

ekobert d'A. Shaw. Jobs and Agricultural Development.
Monograph 5. Washington, D.C.: Overseas Development Coun-
cil,1970. 

_ . (1973). "Tractor Mechanization and Rural Dc
velopment in Pakistan." International Labour Review, 
CVII, 2 (February), pp. 133.166. 

Johnston, B. F.; J. Cownie and B. Duff. (1970). "TheQuantitative Impact of the Seed-Fertilizer Revolution
in West Pakistan: An Exploratory Study." Food Re. 
search Institute Studies, IX,!,pp. 57-95. 

- and Peter Kilby. (1971). "Agricultural Strategies, 
Rural-Urban Interactions, and the Expansion of Income 
Opportunities." Monograph prepared for publication by
OECD Development Centre, Paris.Kline, C. K.; D. A. G. Green; Roy L. Donahue and B.A. 
Stout. (1969). Agricultural Mechanization in Equatorial 
Africa. Research Report No. 6. East Lansing, Michigan: 
Institute of International Agriculture, Michigan State 
University.

Lidman, Russell. (1968). "The Tractor Factor: Agricultural Mechanization in Peru." Public and International 
Affairs. Princeton, New Jersey, pp. 5-30. 

Rossmiller, el. al. (1972). Korean Agricultural Sector 
Analysis and Recommended Development Strategies. 
East Lansing, Michigan: Department of Agricultural 
Economics, Michigan State University.Sanders, J. (1973). "The Economics of Agricultural Mech. 
anization in Brazil." Unpublished Ph.D. dissertation,
University of Minnesota. 

Schmitz, Andrew and David Seckler. (1970). "Mechanized 
Agriculture and Social Welfare: The Case of the Tomato 
Harvester." American Journal of Agricultural Economics, 
LII. 4 (November), pp. 569-577. 

Singh, Arjan and Martin H. Billings. (1971). "The Effectof Technology on Farm Employment in Two IndianStates." Employment and Unemployment Problems of the 
Near East and South Asia. Edited by Ronald G. Ridker 
and Harold Lubell. Vol. II. Delhi: Vikas Publications. 

Singh, Inderjit and Choong Yong Ahn. (1972). "Employ
ment and Capital-Labour Substitution in South Brazilian 
Agriculture." Economics and Sociology Occasional Paper
No. 72. Columbus, Ohio, Department of Agricultural 
Economics and Rural Sociology, Ohio State University, 
March. 

and Richard H. Day. (1972). "Capital-Labour 
Utilization and Substitution inEconomics and Punjab Agriculture."Sociology Occasional Paper No. 70. 
Columbus, Ohio, Department of Agricultural Economicsand Rural Sociology, Ohio State University, March. 

Southworth, H. (Ed.). (1972). Farm Mechanization in 

East Asia. New Yori-.: Agricultural Develoment Council. 
Thirsk, Wayne (1972-a).ciency R.Experience "IncomeColombianDistribution, Effiand the of Farm Mfech

an t he xperNce of oombianxarm ec 
anization." Paper No. 33. Houston, Texas, Proram ofDevelopment Studies, Rice University. 

"Ease of Factor Substitution in Agriculture." Paper No. 34. Houston, Texas, Program of 
Development Studies, Rice University. 

Timmer, C. P. (1972-a). "Employment Aspects of Market-
Tin C in I i ont 

ing Change in Indonesia." Food Research Institute
 
Studies, XI, 1, pp. 59-88.
 
D us(1972-b). "Choice of Technique in Indonesia."
 
Discussion Paper No. 72-4. Food Research Institute, 
Stanford University. 

Yudelman, Montague; Gavan Butler and Ranadev Banerji.
(1971). Technological Change in Agriculture and Em
ployment in Developing Countries. Employment Series 
No. 4. Paris, O.E.C.D. 



Appendix 1 

Participantsin the ADC/RTN Seminar on the Economics of
 
FarmMechanization and Processing in DevelopingCountries
 

Michigan State University, Union Building
 

March ,8-24, 19(8 

John SandersSteven Buccola 
Graduate AssistantGraduate Assistant 
Department of Agriculture andDepartment of Agricultural Economics 

Applied EconomicsUniversity of California 
University of MinnesotaDavis, California 
St. Paul, Minnesota 

Derek Byerlee 
Assistant Professor 

Inderjit J. Singh.
Department of Agricultural Economics 

Assistant ProfessorUniversity Department of Economics andMichigan State "Agricultural EconomicsEast Lansing, Michigan 

The Ohio State University
Graham F. Donaldson 
Rural Development Division Columbus, Ohio 
Development Economics Department 
International Bank for Reconstruction Dunstan S. C. Spencer 

and Development Lecturer 
1818 H Street, N.W. Department of Agricultural Economics

Njala University CollegeWashington, D.C. 

University of Sierra Leone 
Carl Keith Eicher Njala, Sierra Leone 
Professor 
Department of Agricultural Economics 
Michigan State University Wayne Thirsk 
East Lansing, Michigan "Department of Economics 

Rice University 
Merle L. Esmay Houston, Texas 
Professor 
Department of Agricultural Engineering; 
Michigan State University Peter Timmer 
East Lansing, Michigan Assistant Professor 

Food Research Institute 
Gordon Gemmill . Stanford University 
Graduate Assistant Stanford, California 
Department of Agricultural Economics 
Michigan State University 
East Lansing, Michigan 

A 
Abraham Weisblat 
Director 

Carl Gotsch 
Professor 
Department of Economics 
Harvard University 
Cambridge, Massachusetts 

. .Council, 

Research and Training Network 
The Agricultural Development 

Inc. 
650 Fifth Avenue 
New York, New York 

1.: . . ./ . ' 


