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Induced Innovation and the Role of Agriculture in Economic Development :
A Case Study of Egypt and Syria

Syed Ahmad and Atif Abdallah Kubursi

I. Introduction

Until recently the development of the industrial sector of any
economy has been considered the prime source of, and the instrument for, the
development of the economy as & whole. This view has essentially been based
upon a comparison of the relative contributions of the industrial and agri-
culture sectors to national income in developed and under-developed countries.
It is only in recent years that development economists have begun to argue
that the proper lesson to be learned is not by comparing the underdeveloped
and developed countries as they are now, but by comparing underdeveloped
countries when they themselves were at the threshold of modern economic deve=-
lorment. Once such comparison is made, agricultural development comes into
its own. The initial economic development of U.K., U.8. and Japan, for ins-
tance bagan with the initial development of agriculture, which in due course
provided the marketable agricultural surplus of raw materials for their indus-
try and of food for their industrial workers, as well as the purchasing power

to their'agriculturists for buying the industrial goods produced.

The realisation of this historical role of agriculture in the
process of modern economic development has not only made the development of
agriculture a respectable initial strategy for developing an economy, but
has also made the reasons for the successful development of agriculture a

matter of serious consideration.



II.

In a number of recent influential studies Hayami and Ruttan (1971,
1973) have shown, with the help of the theory of induced innovation, using
the concept of the 'innovation possibility curve' (Ahmad, 1966, 1967A, 1967B),
that the success of the U.S. and Japan's initial as well as later development
of agriculture can be attributed to their success in "inducing' innovation

in response to the relative factor scarcity in the two economies.

Our purpose in this study is to examine the extent to which the
experience of the U.S. and Japan has been duplicated in the underdeveloped
world, which would take us beyond the rather sketchy treatment of some South
and South East Asian countries by Hayami and Ruttan (1971). As a first step
we intend to study two countries in the Middle East - Egypt and Syria - the
former with a relative scarcity of land similar to Japan's and the latter
with a relative 'sbundance' of land similar to the U.S. We wish to examine
among other tﬁings : (1) the extent of induced inncvation which has taken

lace in agriculture in these countries, (ii) the extent to which these coun-
tries have been successful in their agricultural development, and (iii) whether
(i) can explain (ii). On the basis of this examination we present certain
tentative views on some of the basic approaches to the problem of underdeve-
lopment in general and of Egypt and Syria in particular. As mentioned earlier,
before proceeding with the analysis we shall need the concept of "induced

innovation", to which we now turn.

The Theory of Induced Innovation

The theory of induced innovation, defined as the response of

the character of innovation to the relative factor scarcity, first develoved




by Hicks (1932), remained unused, but generally accepted, until the late fifties
when Salter (1960) criticized it for having no analytical foundation. His posi-
tion was supported by a number of other writers including Fellner (1961),
Mansfield (1962) and later by Arrow (1968). Ahmad (1966) attempted to provide
this missing analytical basis, by developing the concept of the 'innovation
possibility curve'l9 which has since been used, particularly in the influential
work on economic development, by Hayami and Ruttan (1971, 1973) for analysing
empirically the role induced innovation has played in the development of agri-
culture in Japan and the U.S. Before we summarize their findings, we should

briefly examine the nature of induced innovation, and the innovetion possibility

curve underlying the concept.

The idea of induced innovation is essentially an extension of the
idea of factor substitution in response to changing factor prices (scarcity),
when such a change does not only cause factor substitution given the production
function, but also determines the choice of the new production function to be
developed through the process of invention. The idea will become clearer and
its various remifications more easily observed with the help of the diagram of

the following page.

In Figure 1, the two axes represent two factors: capital and labour.

Now let I to be isoquant representing one unit of output produced in period
t-1
t-1. This isoquant was developed in response to the price ratio of the factors

1

The parallel develcopment of the "theory of induced innovation™ by
Kennedy (19€4%, 1966, 1967), Samuelson (1965, 1966), and Dradekins and Phelps
(1966) was not about 'induced innovation' as defined above or by Hicks, as
it was conceived at the response of innovation to relative income shares ra-
ther than to relative prices, or the relative factor scarcities.
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represented by the slope of the K L . (The meaning of ‘'response’ will become clear
00
as we go along). If the factor price ratio of the economy is represented by the

slope of the KL (or KL , etc.), and the economy is technically free to chooge
11 2 2
its factor proportion, then, it will cl.orse the point on I where X I is tangent
. tel 22
tc it. However, if for some reason this freedom is unavailable to the economy, it

will be on K L and producing at T rather than the T combination. The cost of

11 L 2
being unable to substitute would have ccost theeconomy K K (measured in capital)
12
per unit of output. The saving of cost from being able to move from T +to T is

1 2
the result of factor substitution and not due to innovation.

But now let us assume that in the next period, t, there exists the

possibility of developing new production functions (isoquants) through innovation.

There are a number of such possibilities represented by I , I', etc., and an
t t
envelope (which although drawn as smooth and twice differentiable, need not in

fact be so; of these is represented by C . This C is the innovation possibility
t t ’
curve. The choice of one of the isoguants, such as I or I' on C , which takes
t t t
accourt of the relative factor scarcity, is "induced innovation”. Thus the choice

cf innovation in response to the price ratio X L. will be I , given the tradi-
00 €
tional assumption of cost minimazation:; and similarly the choice of innovation in

response to the price ratio K I, will be I°'.
11 t

The benefits of cost reduction through substitution and induced inno-
vation will depend on whether the economy is innovating or is importing innova-
tion (imitating) or doing neither, and whether the country is importing physical
factors (e.g. tractors) which fixes the ratio of factors used, or whether there

exists the possibility of factor substitution.



Let us take an innovating country which has & factor price ratio of

R

[

KL at time t, while it had a factor price ratic K I, in period t-1, when the

11 00

choice of the productiocn function I was made. For the sub-period for which
t-1

no substitution can be made after the change in price, the cost per unit of

output, measured in terms of capital will be OK . Later on, when substituticn
becomes possible, the cost will go down to OK .1As the country is the innovating
country in period t, it can choose the isoquait on C curve which minimizes cost.
The choice will be that of I'. The cost per unit, whén this choice has been made,
will be OK . Thus K K will ;e its full reduction in cost per unit. Its factor

r
ratio Willschange f;o; ten 6 to tan O .

1 >
Let us now take an imitating country, which has the price ratio

K I , but the innovation is made by an economy which has factor price ratio KL ,
11 0.0

hence the choice of isoguant in period t is now not I', bt I . The total reduc-
t t
tion in the cost of this country, if it is free to substitute once innovation

has been made, will be cut from OK to OK and not to OK . Thus K X is cost of
1 i 5 4 5

non-innovation. The factor ratic will change from tan @ to tan @h

1 2

imitating country also has to import physical factors which make factor substi-

? If this

tution untenable, the additional cost for the imitating country will be K K ,
53
and increase of X K , per unit of output. The factor proportion would not change
b3
and remains at @ .
1

Finally, let us take a country which does not imitate innovation,

nor does it itself innovate, but does still substitute factors. The additional

* and not to tan 6,




III.

cost for this economy will be X K . Finally, if the non-imitating non-
innovating country also importsspgysical factors which make factor substitu-
tion unteneble, then the additional cost to this economy, as compared to a
country with all the advantages, will be K ¥ --there being no possibility
of reduction in the cost of production. Thi iast case is approximated by
countries which keep on importing outdated equipment, which they themselves

have been using for sometime.

It is obvious that all these steps cannot be easily (or profitably)
traced in the present empirical study. But the general drift of the argument
is clear. Success in reducing cost depends on the degree of adjustment through
factor substitution and innovation. In what follows we shall examine the extent

of this adjustment in agriculture of the countries under discussion.

The Induced Innovstion Hypothesis : Empirical Evidence from the Experience

e

of the United States and Japan 1880-1960 .

Japan and the United States are characterized by extreme differences
in factor endowments. In 1880, the total agricultural lamd per male worker was
thirty-six times larger in the United States than in Japan. This difference
has widened over time with the we2stern extension of the ares of agricultural
land in the United States. By 1960, total agricultural land area per male worker
was ninety-seven times in the United States than in Japan. The relative prices |
of land and labour also differed in the two countries. In 1880, in order to

purchase a hectare of arable land, a Japanese farm worker had to work nine *times

2
This section here simply summarizes the work of Hayami and Ruttan
(1971), on this subject.
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&s many days as a U.S. farm worker. This difference has also widened over time,
particularly between 1880 and 1920 when the wages of labour rose sharply relative
O the price of lend in the U.S. By 1960, a Japanese farm worker had to work
thirty times as many days as his U.S. counterpart in order to acquire a hectare

of arable lend. These figures are displayed in Table 1 below.

TABLE 1

LAND-LABOR ENDOWMENTS AND RELATIVE PRICES IN AGRICULTURE:
UNITED STATES AND JAPAN, SELECTED YEARS

1880 1900 1920 19k0 1960
United States:
1. Agricultural land area
(million ha) . . . . . . . . . . 202 319 363 411 L3g%
2. Arable land area {million ha.) . 76 129 189 187 181%
3. Number of male farm workers
(thousands) . e e e e o . T,959 9,800 10,201 8,487 3,973
.o (1)(3) (ha. /worke*) e e e 25 32 36 L8 109
5. (2)(3) (na./worker) . . . . . . 10 13 18 22 L6
6. Value of agricultursl land
($/ha.) . . . L7 49 171 78 285%
7. Value of arable land ($/ha ) 163 129 352 180 T11%
8. Farm wage rate ($/day) . . . . 0.90+  1.004 3.30 1.60 £.60
9. (6)(8) (days/ha.) 52 h9 52 Lo 43
10. (7)(8) (Gays/ha.) . . . . . . . 181 129 107 113 108
Japan:
11. Agricultural land area
(thousand ha.) . . . . .. ... 5,507 6,031 6,957 7,100 7,043
12. Arable land arca
(thousend ha.) . . . . . . ... 4,748 5,200 5,997 6,121 6,071
13. Number of male farm workers
(thousands) . . « .« . T,8k2 7,680 7,593 6,365 6,230
1k, (11)(22) (na. /worker) .. 0.70 0.79 0.92 1.12 1.13
15. (11)(13) (ha./worker) . . . . . 0.61 0.68 0.79 0.96 0.97
16. Value of arable land
(yen/la.) . . . . e 343 917 3,882 L7009 1,415,000
17. Farm wage rqte (yen/day) . . 0,22 0.31 1.39 1.90 440

18. (16){(17)(dsys/na.) . c e oo 1,559 2,958 2,793 2,478 3,216




Despite these differences in factor endowments and factor prices,
both countries have experienced rapid rates of growth in agricultural produc-
tivity throughout the entire 80 years period between 1880 and 1960. This is
perhaps why the United States and Japan are frenquently identified as alter-

native models of agricultural development.

The factors accounting for their rapid rate of growth of agricul-
tural output per worker despite their sharp difference in factor endowments
and factor prices according to Hayemi and Ruttan lie in their remarkable adap-
tation of their agricultural technology to suit their contrasting factor
endowments. In Japan, they emphasize that their innovations were primarily
bioclegical and chemical, whereas in the United States they were primarily
mechanical, in both cases the objective being to increase the efficiency of
the ralatively scarce factors through the process of innovation. Only in the
last several decades has there been technological convergence in the two
countries with the U.S. introducing biological innovations and Japan expe-

riencing a rapid assimilation of mechanical technology.

The evidence supporting H-R contentions is of two types. First,
they have been able to show strong correlation evidence linking changes of
land area per worker and agricultural productivity in JapanS. Figure 2 dis=-
rlays the evidence. In the U.8., land area per worker (A/L) rose much more

rapidly than in Japan, whereas in Japan land productivity (Y/A) rose much

more rapidly than in the U.S.

3
In agriculture it is claimed that conditions of production permit
the treatment of growth in land area per worker (A/L) independently from
output per hectare (Y/A). If this view is accepted the major source of increase
in (A/L) would be mechanical innovations which facilitate the substitution of
other sources of power for labour. Similarly, increases in (Y/A) would be
explained by biclogical innovations.



10

It is significant to point out that increases in power per worker

relative to the price of land.

and in fertilizer input per hectare were associlated with declines in (a) the

price of machinery relative to the wage rete and (b) the price of fertilizers

The second test of the hypothesis that variations of factor propor-
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tions, as measured by the land-labour, power-labour, and fertilizer land ratios
are explained by variations in factor price ratios was attempted tharough the use
of multiple regression analysis. The regressions were specified in log-linear
ion given the lack of adequate

a priori kunowledge. The results of the regressions are summarized in tables 2-5.




TARLE 2 - L -

REGRESSIONS OF LAND-LABOR RATIO AND POWER-LABOR RATIO ON
REILATIVE FACTOR PRICES: UNITED STATFQ 1880~1960 QUIRQUtNNIAL GBHEHVA!IQNU

P N e TN NI RSSO SR = = =

COCFFICIENTS OF PRICE OF

REGRESSION NUMBER Land Rela-
AND tive to

Machinexry
Relative to

DEPENDENT VARIABLES Farm Wage Farm Wage . ﬁz S d
lLand-labor ratio:
1. Agricultural land per
male worker -0.451 -0.486 .B828 .0844 1.29
(0,215) (0.120)
2. Arable land per male
(0.180) (0.101)
3. Agricultural lasd ser
worker ~-0,492 ~0.463 .828 .0785 1.34
(0.215) (0.120)
4, Arabie land per worker, -0,077 ~-0,686 .BT79 0713 1.41
(0.,182) (0.102)
Power -labor ratio:
5. Horsepower per male
worker -1.279 ~-0,920 . 827 1865 1.33
(0.475) (0.266)
6. Horsepower per worker ~1.321 -0.898 ,828 .1863 1.36
(0.474) (0.265)

Note: Equations are linear in logarithms, Standard errors of the

coefficients are in parentheses,

TABLE 3
REGRESSIONS OF LAND-LABOR RATIO AND POWER-LABOR RATIO ON RELATIVE
FACTOR PRICES: JAPAN, 1880 - 1960 QUINQUENNIAL OBSERVATIONS

...—......—.—._-._m_.—..._._.__-_,_._.._...._.......___,......._.._.......__._._..___.-—-m....—..__.w-._"'_""'__"“"‘_._

COEFFICIENTS OF PRICE OF

Land Rela-

REGRESSION NUMBER Machinery
AND tive to Relative to _2 _
DEPENDENT VARIABLES Farm Wage Farm Wage R S d
Land-labor ratio:
T.Arable land pexr male 0,159 -0,219 . 151 .0347 1.17
worker (0.110) (0.041)
8. Arable land per worker 0,230 ~0.155 . .914 0156 1.71
. (0,049) (0.019)
Power«labor ratio:
9. Horsepower per male
worker ~0.665 -0.299 . 262 .2191 0.60
(0.261) (0.685)
10. Horsepower per worker -0,601 ~-01,228 . 266 .1982 0.61
(0.236) (0.620)

Note: Equations are linear in logarithms. Standard errors of the estimated

coefficients are in parentheses.



TABLE 4

- 12 -

REGRESSIONS OF FERTILIZER INPUT PER HECTARE OF ARABLE LAND ON
RELATIVE FACTOR PRICESs UNITED STATES, 1880-1960 QUINQUENNIAL

OBSERVATIONS

S ——— B e e e T T — - S S
S T NI S T T T S T O O Ty e e e o ey e e e e e e e e N N L ST T N T LN T I S i o Ty S ST

LTt

COEFFICIENTS OF PRICE OF

. Fertilizer Labor Machinery
Rig;g%;IDN Relative Relative Relative 5 ,
to Land to Land to Land R S d

11 . -1,622 1.142 0,014 -950 ,1042 2.08
(0.200) (0,275) (0.286)

12 . ~1.615 1.138 coo .954 .N968 2,09
(0,134) (0.255)

13 . -1.951 vao .00 895 1406 0,77
(0,16€)

14 o -1,101 1.134 -0.350 .969 .0816 1.38
(0.184) (0,173) (0.214)

15 o ~1.357 1,019 oo e .970 .0832 1,15
(0.102) (0.168)

16 . -1.707 onw owe -884 ,1481 0.84
(0.,154)

Note: - Equations are linear in Jogarithms. Standard errors of the

estimated coefficients are in parentheses,

TABLE 5
REGRESSIONS OF FERTILIZER INPUT PER HECTARE OF ARABLE

COEFFICIENTS OF PRICE OF

LAND ON
RELATIVE FACTOR PRICES: JAPAN, 1880-1960 QQ&EQUE@N;QE Qﬁ§§5¥é£lgﬂ§

Fertilizer Labor Machinery
REGRESSION Relative Relative Relative >
NUMBER to Land to Land to Land R™ S d

17 . -14437 0,662 0,236 .973 .0865 2,45
(0,238) (0.244) (0.334)

18 . ~1,274 0.729 acs .974 ,0810 2,45
(0.057) (C,220)

19 . -1,211 voe eve .953 ,1036 1.52
(0.071)

20 R ~1.,248 1.217 -0.103 .878 ,1820 1.76
(0.468) (0.762) (708)

21 o - ~1.313 1,145 oo o .888 1670 1.79
(0.,131) (0.556)

22 . -1.173 coe oo .860 .,1794 1.52
(0,126)

Note: Equations are linear in logarithms. Standard errors of

estimated coefficients are in parentheses,

the
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In Table 2 it seems that wore. than 80% of the variations in the
land-labour ratio and the power-labour ratio are explained by variations in
their price ratios. More interesting is the fact that almost all of the
coefficients in the various equations depicted in Table 2 are negative and
statistically significant. The results suggest that the marked increases in
land and power per worker in the U.S.'s agriculture over the past 80 years
are closely related to the declines in the prices of land and machinery rela-

tive to the price of farm labour.

In Japan, the regression results of Table 3 suggest similar
trends and patterns to those operating in the U.S. over the same period of
tine. However, the statvistical fits for Japan are of lower statistical gqua-
ligy than those inTable 2. This is probably because the ranges of the obser-
ved variation in the land-labour and power-labour ratios are too smaell in
Japan tec reveal a significant relationship between the factor proportions

and factor prices,

A comparison of Table 5 results with thcstof Table U indicates a
remarkable similarity in the structure of demend for fertilizers in the U.s.
and Japan. For in spite of sharp differences in climate, factor endowments,
pattern of development, farmers in both countries show similar responses to

economic variables.

The same techniques used to identify and measure the responsiveness
of factor proportions to factor prices in the ".8. and Japan will now be used
on data collected for Egypt and Syria. The data admittedly is of poor quality
and the time span is limited -~ the maximum range is 25 years, but for most

of the series it is for 12-16 years.
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IV. The Induced Innovation Hypothesis: ¥mpirical Fvidence from the Experience
of Egypt and Syria 1950-197h

In this section we vwill attempt to show that Egypt and Syria's
factor ercowments are such that the former is labour intensive and the latter
is lend intensive. These factor endowment differences sre likened to the dife
ferences between Japan and the U.S.'s factor endowments in the early stages
of their agricultural development. Since induced innovations are singled out
as the most important determinents of Japan and U.S.'s high agricultural produc-—
tivity (response of factor proportions to factor prices), it is useful to see
whether Syria's and Egypt's agricultural experience conforms in this respect
to Japan and the U.S., Along the lines of the objectives enumerated in the

Introduction we shall examine the following:

(i)  Whether or not Syria's and Egypt's agriculturai factor proportions have
responded to their relative factor prices.

(ii) Whether or not the pattern of response, if it exists, is similar to
Japan's or to the U.S.'s.

(iii) Whether or not their responsiveness has led to increases in agricuitu-
ral productivity.

(iv) What lessons, if any, can be learned from our answers to (i) - (iidi).

Broad Perspective

Syria and Egypt are characterized by extreme difference in relative
endewment of land and labour. From Tables 6 and 7, it is evident that both
Syria and Egypt seem to have, by 1963, recsponded fairly well to their relative
factor endowments. Syria, with 3i times land ber worker as compared to Egypt,

also had about 3 times tractors per worker, while it had 1/50 of use of




fertilizer per hectare. The process and pattern of adjustment seems to have
continued till 197k, at least in fextiliier, in which.the decline in the ratio
of land to labour in Syria as compared to Egypt was accompanied by a rise in
the ratio of fertilizer use per hectare from 1/50th to 1/20th. There was no

change in the ratio of hectare to worker however.

Locking at this broad picture, one cannot but conclude, that it is
fully consistent with the view that both Syrie and Egypt have made appropriate
induced adjustments in response to their relative factor scarcity. However, a
more complete study of adjustment through induced innovation would require a
more detailed analysis. Following H-R, we use regression analysis for this

purpose.

Regression Anslysis

In following Hayawmi snd Ruttan's approach, we are faced with two
sets of problems: one of data and the other of method. So far as the data is
concerned the first problem is that we have been unable to obtain a suitable
series of land prices. Therefore, we cannot obtain results which require
land/labour prices for their calculation. The second @roblem in data is more
general. While Hayami and Ruttan use data covering a period of over 80 years,
and thus have been able to werk with five year averages without locsing the
significance of their results, our data cover too short a period to allow us
to use even two year averages. The special significance of averaging in
agriculture lies in the fact that mos£ of its variables can be significantly

affected by weather conditions, and particularly by the rainfall. An averaging
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TABLE X

Tractors/worker and Fertilizers/hectare in Egypt and Syria
19641974

Egypt Syria
Year Hectare/ Tractor/ Fertilizer/ Hectare/ Tractor/ Fertilizexr/
worker worker hectare worker worker hectare
1964 682 3:.49 1216, 22,9 10,32 25.0
1965 . 712 3.7 1263, 17.0 9,09 26,0
1966 #7117 3,87 1035, 14,7 9.47 25,0
1967 . 125 3.98 1002, 12.0 T1-5 39,0
1968 720 4,00 1147, 10.4 7,43 50,0
1969 . 715 4,28 1227. 8,7 6.70 49,0
1970 .690 4,25 1312, 14,8 11,76 67.0
1971 . 638 3,93 1306 12.7 10.78 84.0
1972 613 3.97 1466, 13.2 11,44 84.0
1973 .649 4,55 1418, 14,5 13.62 73.0
1974 . 680 5.00 1508 14,2 14,72 70,0

Source: Data Appendix
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over & number of years helps reduce the influence of such random factors.

The methodoclogical problem, referred to above, is the following.
While looking at the question in broader perspective, Hayami-Ruttan's as well
as our analysis defines the land/labour relative scarcity as the ratio of land
per worker in agriculture in these countries. It is This relative scarcity
which is supposed to_induce the amount of hectare per worker or fertilizer per
hectare used in agriculture. In this way the land per worker is treated as an
exogenous variable. The question then is : whether it is methodologicallytjuSm
tifiable to try to explain the same land per worker (See Table 1) in agricul-
ture (that is, to turn it into an endcgenous variable) with the help of the

relative prices of hectares to labour and fertilizer to labour.

Although nowhere explicitly stated, the view taken by Hayami and
Ruttan seems to be that although they have takeu 1an&/labour retic as a gene-
ral measure of relative scarcity, it is the relative price of land to labour
which represents the relative scarcity, so far as the response of the economic
agents is concerned. As labour could move into and out of agriculture in the
U.S. and Japan, in response to price incentives, this procedure would appear
to be eminently justifiable. Our problem via-a-vis this approach is two-fold.
First, the non-methodological one, has already been noted : we do not have the
series for land prices and therefore we cannot use the ratio of the land and
labour prices as a measure of the relative scarcity of the two factors. The
other, and methodologically more important, aspect of the problem is that due

to the possible lack of ability of the sectors outside agriculture to absorb
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increasing numbers of labourers with.increases in populat:ions and given the
relative fixity of land in agriculture in Egypt and Syria, we should treat
the land/labour ratio as the exogenous variable, while treating the ratio

of the price of land to the price of labour as one of the endogenous variables.

As the answer to this question for these ‘overpopulated’, predaomi-
nantly agricultural underdeveloped countries is not quite clear, we treat the
land/labour ratio, in what follows, as alternatively exogenous and endogenous.,
However, as we shall see, the results are not significantly different in the

two casesg.

With land/labour ratio treated as endogenous variable, a la

Hayami and Ruttan, we get the following result.

The results are displayed in Tables 10 and 11 for the case where

A/L is treated endogenously and in Table 12 when it is treated exogenously.
» 2
In all the tables, the numbers in rarenthesis are student-statisties, R is

the coefficient of multiple determination -~ a measure of goodness of fit of
the results, s is the standard error of estimate and d is the Durbin-Watson

statistic -- it indicates whether or not there are serious autocorrelation
)

i
problems

Teble 10 results are those pertaining to Syria, whereas the results

in Table 11 pertain to Egypt and those in Table 12 pertain to both countries.

The regression results indicate that almost more than 80 percent

of the variation in the land-labour ratio in Syria is explained by the changes

L

It should be pointed out that the coefficients in the linear regres-

sions are marginal responses, whereas they are elasticity estimates in th= log-
linear case.
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in the relative prices of power to labogr and fertilizers to labour. Tae
coeffic;en£s are ﬁegative for the %élative ??ice éf tractors to labour and
are statistically significant at the 5 percent level. Such results suggest
that the chenges in land per worker in Syris over the past decade have been
closely associated with relative price changes of tractors relative to labour.
The fact that the land-labour ratio is negatively related to the relative
price of tractors to labour further suggests that land and power should be
treated as complimentary factors. Moreover, this suggests that mechanical inno-
vations which raise the marginal rate of substitution of tractors for labour
also tend to raise the marginal rate of substitution of land for labour. In
the same view, the positive elasticity estimates of the relative prices of

fertilizers to labour suggest that fertilizers can be thought of as substitu~

tes to the extemsion of land per worker.

The results of the same regressions for Egypt (Table 11) are much
inferior in terms of statistical criteria. This is perhaps explainable by
the fact that the ranges of observed varistions in land-lebour ratio in
Egypt is too snall (See Table 6) in Egypt to detect any significant relation-
ship between the factor proportions and factor prices. However, it may also
indicate that mechanical innovations adopted in Egypt were motivated by a
desire to increase yield rather than substitute for labour. The closeness to
zero of the parameter estimates of the price coefficients of tractors relative
to labour may be taken as an indication of this possibility. However, the
statistical lack of significance of these parameter estimates make any guess

in this regard hazardous.

The regression results of the amount of fertilizer input per hec-

tare of agricultural lend in Syria show that relative prices of machinery to
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labour snd fertilizer to labour asccount for only 29% of the variation of the
dependent variable in the linear case and 35% in the log-linear case. The fact
that the coefficient of the price of fertilizer to labour is negative is an
indication of an economic response on the part of farmers to price changes of
fertilizer relative to labour. The positive price coefficient of tractors rela-
tive to labour suggests a substitutionary relationship in Syria between the fer-
tilizers and tractors and fertilizers.and labour. The four D-W coefficients,
however, indicate serious auto-correlation among the error terms which biases
the coefficients estimates. The signs however remain indicative of the nature

of association.

In Egypt the same results are far more acceptable according to the
statistical criteria. The two relative prices explain more than 2/3 of the
variations in the input of fertilizer per hectare. Furthermore the coefficients
of the relative price of fertilizer to labour are statistically significant at
the 5% level of significance. The D-W statistic is close to two indicating the

absence of serious auto-correlation.

Treating the land-labour ratio as an exogenous variable and using
it as a proxy variable for the relative scarcity of land seems to have improved
the statistical fits for Egypt and worsened them for Syria as one might have
expected. The results in Table 12 are all in log-linear form as this form pro-

duced better results than the linear specification.

The results suggest that the land-labour ratio in Egypt is indeed
exogenous and that land scarcity is a decisive factor in Egyptian agriculture.

Furthermore, the success cof Egypt's adjustment of factor proportions to factor



prices is now all the more apparent. More than 93 percent of the variations
in the tractors per worker in Egypt are explained by the relative prices of
tractors to workers, fertilizers to workers and the proxy variable for the

reletive scarcity of land A/L.

In Syria treating the land/labour (A/L) ratio as an exogenous
variable worsened the statistical fits. Besides, it (A/L) turned out to be

a statistically insignificent variable in both of the regressions.

Conecluding Remarks

Our findings in the previous sections indicate that in the broader
perspective as represented by Table T both Egypt and Syria appear to have ad-
justed their factor use to their relative factor scarcity. The more detailed
study however, shows that Egypt has adjusted much better than Syria, parti-
culerly in terms of the variables whose endocgeneity is in no doubt, viz

tractors and fertilizers.

So far as the question of "success" is concerned, the total agricul-
tural output of both countries has increased, agein at a somevwhat higher rate
in Egypt than in Syria, and also at a gteadier rater - but the trend has been
an increasing one in both cases. However, if achievement is measured in terms
of output per worker rather than in the aggregate, as it should be for re-
presenting the changes in the welfare of the participants in agricultural sec-
tor, then for Egypt we find a slight increase, but for Syria a decline in agri-

cultural output per worker.

Therefore if we were to summarize Egypt's experience, we would say
that it has had success in adjustment but a non-success in achievement, while

for Syria it had a non-success in adjustment and a failure in achievement.
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Regressions_of Tractor Per Worker and Fertilizer Per Hectare on Relative

Factor Prices and Land-Labour Endowments:

Egqvpt and Syria

12611974

Dependent Variables Coefficients of Price of Land/ R g d
Tractors Fertilizers Labour
Relative to Relative to
Labour Labour
Eqvpt
Tractor per workex 191 ~-,589 .675 98 017 2,87
(1.92) (9,89) (4.28)
Fertilizer per hectare .098 -.302 -1.33 46 106 1,65
(o139) (o54) (1.,30)
Syria
Tractor per worker 2,79 -.139 .649 54 L1175 1,02
(2.00) (.34) (1.52)
Fertilizer per 5,85 -.824 .019 38 .469 .62
hectare (1.37) (73) (.017)

Source: Data Appendix
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In both cases the success in achievement is lower than the success in sdjust-
ment, and in neither case has the adjustment or the achievement been as good as
in the U.S. or in Japan. However, the adjustment, particularly in Egypt, heas
been of the same order of magnitude as that of the U.S. and Japan and so has
the achievement in terms of total output. But the achievement in terms of per
worker output for either of the two countries cannot be compared either to

Japan or to the U.S.

Qur conclusion from this somewhat "mixed"” result for Igypt and Syria
is not that the agriculturists do not respond to economic incentives, as has
customarily been assumed for underdeveloped countries,nor that there is a
"lagged” reaction in adopting new techniques as seems to have been assumed,
without much supporting evidence by Hayami and Ruttan. The overall picture of
adjustment represented by Table T, and Egypt's responsiveness in the more de-

tailed study, are sufficient to preclude either of the above two hypotheses.

In our view, the initial clue lies in exemining the differences
vetwean Syria and Egypt, by asking the gquestion why has Egypt succeeded better
than Syria on both counts ? For answering this even tentatively, we have to go
beyond the data included in our study -~ the difference in the provision of
water supply. Im our very tentative view, Syris has done less well on both counts
mainly because of the overpowering influence of her erratic water supply on the
behaviour of other variables. If we compare Egypt and Syria on the one hand and
Japan and the U.S. on the other, the major difference, again not covered either
by H-R or by us, is between the rate of the growth of population and the possi-

ble absence of induced innovation outside agriculture in response to the change

in factor proportions. It is this additional factor, and the unresponsiveness
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of the sector cutside agriculture, which, particulerly in the case of Egynt,
has not allowed output per worker to increase at the rate one would have expec-
ted from its fairly successful adjustment as well as its success in achievement

measured in terms of aggregate output.

The tenative general conclusion we draw from the above is that even
if we agree that the development of agriculture is the key factor in the overall
econonic development of a country, the “correct” behaviour of agriculturists
may not be sufficient to ensure this development. It is quite possible that
the absence of appropriate behaviour and responsiveness outside agriculture maey
thwart the development of agriculture. A1l this is indedd tentative and will
require further study, but it does lead us back to the rather old fashicned view
of economic {evelopment. Partial solutions to this general problem may succeed,
but for this to happen cne has to be 'born' with the 'right' endowments and at

the 'right' time in history.
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