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+ A, THE LEADING INPUT PHRODUCTION FUNCTION:AN ECONCMETIRIC
STUDY

1

One of the main lacunae in the aggregate models of
economic development - both theoretical and empirical- is
the absence of an adeguate production function for the agriul-
tural sector. There is a certain amount of descriptive knowl-
edge of the state of peasant ajriculture, for instance, in
S.E. Asian countries, but faw works in the area have attemp-
ted to incornorate the infermation in a production relation.
Although there has been a lot of interest in the phenomenon
of surplus labor, other facts of peasant agriculture have
hardly received recognition from model-builcders in the field.
One would suspect that the conclusions of descriptive and
optimal growth models will undergo gqualitative change if one
incorporates a production function, substantially different
from the neo-clessical, for the agricultural sector.

This paper puts forward a production function which is
capable of explaining, over time, the major descriptive find-
ings about peasant agriculture, The function has been tested
égainst Indian, Japanese and Taiwanese data on rice produc-
tion and has been found to work quite well in these contexts,

Pre-occuptation with neo-classical production functions
in the context of peasant agriculture often glves rise to

anomalies that cannot be consistently explained within the



e
framework of traditional theory. The unhappy co-existence
of surolus labor and neo-classical production structures
in many dual economy models is a case in point. Such
modals can at best pay lip service to the structural
characteristics of peasant agriculture at any point of time -
let alone explaining the dynamics of growth.

In a recent book on Asian agriculture S. Ishikawa
has analysed data that throw up interesting an structurally
similar time characteristics of agricultural development in
various Asian countries. Apart from discovering substantial
complementarities in factor use, he also comes up against, what
he calls, the phenomenon of ‘'leading inputs'. In one country
aftar another, he has observed, that at different stages of
development different factors tend to provide the impetus to
growth, in the sense that output qets very sensitive even to
small increases in that factor. In a Leontief type world -
characterising complementarities in factor use - this would
mean that the leading input will also have to be the factor
constraining the growth of output for the time being. Analysing
this phenomenon, Ishikawa has found that not merely can one
factor or the other be identified as the 'leading input' for
a country's agriculture at any éarticular point of time, but
that over time, 1eadin§ inputs hight actually alternate. In
the context of paddy production in S.E. Asian countries, he

identifies two such leading inputs - irrigation water, and a
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composite input consisting of fertilizers, better seads,
etc., - as being the prime movers in the development
process. He does this on the basis of simple correlation
studies on the formidable amount of data that he has
gathered, and some simple regressions. He does not claim
that his correlation studies conclusively prove anything,
but they do suggest a reasonable hypothesis about the pattern
of growth in Asian agriculture,

As regards complementarity in factor use af any point
of time, the hypothesis has often been raised in the context
of peasant agriculture, but was never sufficiently backed
by evidence. Eckaus had advanced it to explain the existence
of surplus labor (2). Schultz had touched upon it in the
context of explaining the relative fixity of techniques
in peasant agriculture (Cf. 3 ). In recent years the
publication of the Farm Management Studies (F¥S) by the
Government of India {(10) has started a prolonged debate
among Indian economists regarding the various findings on
farm size and productivity. Among these, the issue that
has perhaps attained maximum attention is the phenomenon
of 'inefficiency' - as depicted by relatively low ocutput
per unit of land - of large farms. To us it seems, a lot
»f these findings can be explained by the hypothesis of
complementary factors, The idea at the back of people's
minds seems to have been that the growth in size is

invariably accompanied by an increased in fixed capital
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and economies of scale, whersby the average cost
schedule floats downwards and productivities rise.
Findings to the contrary in the case of large Indian
farms surprised people, for in this scenerio, a fall
in productivity with a rise in size is a heresy and
an 'anomaly' to be explained, may be, by the perverse
socio-economic background of the people.

It seems that if something like a fixed
coefficients production function is indeed in operation,
a rise in size (as depicted by a rise in land endowment)
wuld leave the capital/labor ratios unchanged and so
long as we are in the early stages of davelopment (where
land is not a leading input), would, by itself, do
nothing to raise output. Hence large and small farms
alike would naturally have relatively similar capital
labor ratios and there would be smaller output per unit
of land as size increases. Of course, the deviations
from the 'ideal' technique can be substantial in any
cross-saction sample to the extent fixed endowments
(other than land) wili differ from unit to unit for
various reassons, even if the factor market is competitive,
but in a lony run time series study, one would expect
such differences to be smoothed out. Also, one can raise
the theoretical question as to whether any production
function for that matter can be estimated usingy Cata

involving ‘'inefficient' units, but this does not seem
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any more serious than the fact that there can be

deviant units in competitive models too. The actual
production of an inefficient unit cannot be predicted
by any production function, but using a Leontief type
function, one can attempt to estimate the extent of the
deviation.

The three phenomena of (a) 'leading inputs®,
(b) surplus labor and (c) complementarity among inputs,
suggested to us a fixed coefficient production function
with productivities that vary over-time. In other words,

we postulate a function of the form -

Q (t) = min | X1 (y) Xy (t) ]
e ] LR I S, — =
a £ a
. (t) (v
where a(t) is output at time, X (t)'s are factors of
2

production a(t)'s are the inverse of their respective
averajye productivities., We will call this the L.I.
function,

At any point of time, given the averaje
productivities, the relative scarcity of one factor may
generate unemployment amongy one or more of the othef
factors, and although techniques of production (or factor
combinations) mi~ht change very slowly, one or the other
factor might become the 'leading input! if their relative

productivities change significantly over time.
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As is well-known, such a function is also
consistent with a wide range of factor prices. In
particular, the wage rate can be quite low or fairly
high depending ubon demand and supply conditions and
one does not have to make additional non-economic assump-
tions to explain why it is low. As a matter of fact, one
can invoke any one of several reasons cited in the literature
to explain whey a7jricultural wajes should be non-zero.
Apart from the ample empirical evidence (11) to the effect
that labor is not in fact in absolute surplus in many of
the so-called 'underdeveloped! or 'labor-surplus' economies,
there is reason to believe that the actual level of wages
may, in fact, be determined by such factors as subsistence
needs, and the marginal disutility of labor. The latter
factor is all the more important siqce with our production
function, labor is a complementary input. Also the distri-
bution of output will be strongly influenced by it through
its impact on the labor-supply function. Finally, since
demand for agricultural output is by and large coming
out of wage income, a zero wage rate in agriculture is
unlikely to be an interesting or a probable situation to
occur., Similarly, so long as land is not in absolute excess
supply over the ecbnomy, one can easily explain why the
price of land is strictly positive despite the existence
of land inefficient units. Besides, socilo-institutional

and expectational factors that have not all been taken into
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consideration in this study do have a significant role
to play in explaining high land prices in such countries.
Land-holding is a status-symbol, and one of the surest
hedges against inflationary price rise.

On the face of it, the new function has little
new about it excepting that the coefficients vary over
time. But that apparently small change seems to go a
lony way in explaining movements of agricultural outoput.
Testinq this form of the function against the standard ones
in use {e.j., Cobb-Douglas) on Indian, Japanese and Taiwanese
data, we obtained much better results. On a priori grounds,
it seems to be able to explain most of the observed phenomena
in peasant ajriculture. Making productivities functions of
time is admittedly a sign of i-norance of the real forces
at work, but it is no more or no less objectionable than
the treatment of disembodied technical change, for instance.
Specially, with the limited nature of data on peasant
agriculture, this does not seem to be a bad first 3PPILOX=
imation.

In sum, the power of the L.I. function (leading
Input, or Leontief-Ishikawa, for short) seems to be in the
fact that it can expléin the so-called anomalies of peasant
agric \lture within the framework of traditional economics,
The phenomenon of labor or land surplus, as the case may be
emerges directly from the technological realities of the

situation. Also a whole range of factor prices is
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admissible with egquilibrium - the exact level of such
prices vary from one situation to another depending on
demand and supply conditions.

There is a very useful feature about this production
function, i.e., the case with which it can be estimated.
By using the duality of cost and production functions, one
can estimate some polynomial approximation of the
functions a (t)'s by looking only at the cost function
dual to the ;roduction function suggasted above. Such
a function happers to be linear in factor prices (8) with
variéble c-efficients. Coefficients of the finite order
polynomials used to approximate the a (t) functions can
he estimated directly by multiple regrgssion. By tackling
the problem from the cost function sice, w2 automatically
do away with the measurement of physical inputs anc their
aggregation, and problems of similar nature which have
always bothered production function estimators.

Let us elaborate on the above a little bit. The
duality prooerties of cost and production functions was
first emphasized by Shephard (9) (Ist adition). In
recent years the subject has been thoroughly examined
in the light of conjugate functions. (Cf. McFadden,

Rockafeller, Shephard). Given a production function,

y = £ X, eeeceseX )
1 n
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where y is output, x_'s inputs, and given factor
i
prices w 's, the cost function is defined as
i
cly,w)= mi%n. {w. X} for xeV(y),W= (9, ,wn)
where V’:iX}y £ £ {x)}, i.e;, set of all x's that
can produce vy.

The derivation of the cost function nowhere depands
on anv assumpticn regarding the structure of the output
market, However, it does usually involve the assumption of
competition in the factor markets. But as Sehphard ooints
out {Cf. (9), p.80), this is only a suf icient but no£ a
necessary assumption. By redefining the units and factors
one can get ar-und the question of making any qualitative
statement about the structure of the factor market. All
that is necessary is to have the factor prices independ-
ent of the quantities used in the output market at hand.
However, since the cost function is by definition minmum
with respect ot input prices, it does involve an aéSUmp_
tion abéut economic ef ‘iciency in just the same way as a
production function implies it. If in fact allocational
inefficiency is rampant in peasant agriculture as some
claim it is, - so that some of the observed points are
strictly inside the production possibility from the it

ie indeed futile to attempt any kind of economic

analysis of it.
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Diewert's work mentioned above proves that the dual
to a pure Leontief production function
X
Q= min i ’
1

1 8
i

is given by

C (X

» e

Q) = { A0 % wwaw P AD E Qs
11 nn

where p.'s are prices of the factors x.'S respectively and
Q is ouiput. In our case the productiiity coefficients are
functions of time. Each such function a (t) can be approx-
imated by a polynomial
a {t} = Z Ais fﬁk A = N N

i )
so that the cost function for unit level of ouput relevant
for our case 1s

n m
C (X 1} o Zn E p ..)M- ‘tJ
i= 1 j= 1

17 15 3

This is a function linear in the coefficients A 's and

ij
is easily estimable by multiple regression given data on
cost and factor prices. It is clear that this is tantamount

to estimating the parameters a (t)'s of the original

i
production function.

We shall first find out if the L.I, function works
well with time series data. This has been done in the
context of Jaoman, Taiwan and a district in Gujrat, India.

Also, a case study for a district in 3. Carolina, U.S.A.
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is given as a study in constrast. The results are
reported in section IIL. ¥e then proceed to analytically
formulate and statistically test the L.I, hypothesis with
the estimated coefficients. This is done in s2ction IIT.
Section IV examines a dual economy model with an
agricultural production function of the L.I. type. The
model is explicitly solved for the initial labor surplus

situation and consequences for growth analysed.
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IT
This section~presents the analysis of the case studies
dona in the context of paddy prodoction in Japan, Taiwan,
a district in Gujrat (India) and corn production in a
country in South Carolina, U.S,A. The regression results
and the data are presented in Appendices II-l1 to II-4
respectively.

II-1 : Jaman.

The best available long term economic data that we
could get was on Japan. Also.Japan seemed to be about the
only Asian country to have gone throuih the whole spectrum
of development. And althoujh regionazl variances in soil~-
climatic patterns are by no means unsubstantial, they are
small compared to thos 2 in case of a large country. In
the absence of reliable micro data covering a reasonabiy
long time period (Cf. s2cticns II-3 and II-4),we tested
the L,I. function against aggregate data on small homo-
genecus countries like Japan and Taiwan., Usiny some kind
of a structural similarity argument as is done in cross-
section studies, this exercise, togather with II-3 and
II-4, is intended to give an indication of the robustness
of the functioé against both micro/macro data.,

The major source of reference for Japan is the ninth
voluem (on Agriculture) in the series 'Sstimates of Long

Term Economic Statistics of Japan since 1968(L:5J)published
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by the Hitotsubishi University. We have had to supplement
it by other sources of reference like S. Ishikawa's book,
Rosovsky's 'Capital Formation in Japan'. and K. Okhawa's
'The Growth Rate of the Japanese Economy', The period for
which w2 did the estimation is 1878 to 1940, i.e., covering
most of Meiji era and coming up to the second war. Although
data after that data were available, possibility of funda-
mental structural chanaes in the post-war period prompted

us to forego that information. Our choice of the initial

data was mostly dictated by the availability of data.

Cost of Production data:

No data on cost of production of paddy as such was
available for such a long period. What we did have, however,
was a series in millions of yen (1934-36 prices) of the
farm value of current input in all agriclture. We also had
data on the farm value of rice produced and the farm value
of total agricultural production., We assumed that for each
year

Farm value of current inputs in rice production{FVCIR)

Farm value of current inputs in all agriculture(FVCI)

= Farm value of rice production (FVRP)

Farm value of all agricultural production (FVTA)

FYRP ., FVCI for each time period.

so that FVCIR = TUTA

Dividing this by total production of rice in Japan in,
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millions koku (TPRJ) and deflating by the price index
of 1904-6 (the choice of this particular index is
explained below), we get the dependent variable series,
cost of production of rice per koku (CPRK). Since the
assumption impliss: EVCIR = FVCI it in effect boils

FVRP FVTA ,

down to some kind of a long-run equilibrium condition
that the rate of profit earned in rice productilon is equal
to the rate .of profit earnad in all agriculture. It also
implies that the ratio of current inputs cost to total
cost in rice production is roughly equal to the average
ratio for all agriculture, since our cost of production
saries only includes current input costs. As regards the
first of these assumptions, one would eertainly expect to
£ind deviations from it over cycles, but would expsct it
to average out over time. As regards the second, one can
justify it under one of two situations: one if the ratio of
current costs to fixed costs were equal for all commodities
in the agricultural sector, indicating equal organic
composition all around ; and two, if the ratio for paddy
were somewhere near the average for all agricultural
commodities with the share of the procduct of each to total
agricultural production as respective weights. The first
is much too unlikely a situation, whiereas the second invokes
much too complicated questions about index numbers and like.
Vet since information on the degree of capital intensity

of Japanese rice production vis-a-vis that of all agriculture
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is lacking, such an assumption is indispenable, and\one
would be inclined to defend it on account of the second
reason rather than the first. For one can argue that,

since the ratio of the farm value of rice to that of all
agriculture in Japan has remaiged relatively high and

stable over the sample period, it is unlikely that the
capital intensity in rice production will diverge
significantly from the capital intensity in agriculture

on average. A glance at Table (II,1 ) shows that the
composition of agriculture has not changed very drastically
either. Hence the assumption FVCIR = (FVRP/FVTA). FVCI on
p. ) above is not very unwarranted in the absence of
more specific information, What makes the estimation process
intrinsically robust is the fact that the estimated coefficients
are unigue up to a scalar multiplication, so that even if

FVC I
FVCIR/FVRT were equal to constant times ( ), the

[

EVTA
coefficients would exhibit the same pattern as before. It

is only if the capital intensity in paddy production relative
to the average capital intensity in all agriculture has
changed significantly over the sample period, that our CP-
series will be unrepresentative of the real state of affairs.
Without any information to the effect that this is so, not

to speak of the direction of relative change, if any, we
decid=d to stick by the assumption FVCIR/FVRP = FVCI/FVTA
on the ground that paddy being the most important crop in

Japanese agriculture, its capital intensity cannot be very
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different from the average capital intensity for all

agriculture,

Fertilizer price data : The LZSJ (Long term Economic

Statistics of Japan, cited above) contains a wealth of
information on fertilizer prices. There is an index of
fertilizer prices wit511934-6 as the base years, which

we used by deflating it by 1904-6 prices. There are also
price series on the unit values of nitrogenous, phosohate
and potash content in fertilizers, as well as their respective
uses over time in Japanese agriculture, For purposes of
estimation, we tried both the price index cited above

and the price series on nitrogenous fertilizers alone.
However, we got better results by using a fertilizer price
index that was computed from the price series of three
kinds of fertilizers using their shares in total guantity
as weioshts, and then deflating it by 1904-6 price index.

This is our PF 3Z series.

Substitute Water Rate : As Ishikawa points out (p, 212 )

statistical surveys of irrigation facilities are very rare
in Japan. About the only reliable survey of irrigation
has been made is an ad hoé basic survey of agriculture in
1955, and even there data is sparse. _
In Rosovsky's 'Capital Formation in Japan' { oy 17
Table 6) there is a division of investment in public works

into 'traditional' and 'new' components - the first of
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which contains 'riparian' investment and the second

containe 'water works'. The data covers the period 1890

to 1935 with gaps in between. While water works mainly
involve construction of pipes and storaées of water for
consumption purposes, the estimates of riparian expenditure
for central and local governments (Tables VII-1 to VIII-2,
pages 164-174, Rosovsky) indicate expenditure mainly for
irrigation and flood control. For the central 3overnment,
construction for harbors and ripqrian works data have baen
added together for the period 1868-1890. Judging from the
trend in later years, we ascribed three-fourths of the total
expenditure on riparian works alone. From 1821 to 1940, the
value of riparian construction by central Japanese Government
in Y 1000 is taken from Rosovsky. For local governments
data on riparian expenses is available for ths years 1875 to
1940 (Table VII-2, pp. 171-76). We added the total axpenditure
on riparian constructions by the Central (CGPW) and local
governments (LGRW & LGAE), to get total expenses on such
construction in the country as a whole. Then we made
alternative assumptions about the life spans of such riparian
works (10, 15 and 20 years) and calculated the cost streams
that‘would resﬁlt under three alternative hypotheses about
the rate of interest (4, 8 and 12 % respectively). Assuming
that revenue earned by imposing water rates on farmers covers
such costs for each year, we divided each of the nine

alternative revenue streams by acreage to get nine alternative
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series of estimated cost of irrigation water per acre
over time. We use thes2 as instrument variables for
the price of irrigation water, Quite clearly, the proper
unit to use is not the cost of irrigation water per acre,
but the price per cubic feet of it per second., One
might want to measure all inputs and outputs in temms
of units per acre, but that would render it impossible
to interpret the coefficients in the estimated cost
function., If, however, one makes alternative assumptions
regarding the trend increase in water use per acre, one
might get alternative estimates of water rate. Suppose,
for instance, one assumes that the rate of water use during
the year is a constant, The total revenue earned from
water charges in the year t is R , the acreage tilled
is At and t, the total time duringtwhich Water is released.

With a constant time trend in water use o cubic feet per

acre per second, one gets

R
ol cusee X £ X P= _t = Cost per acre,
A
t
where P is the price of 1 cusee:
Cop - Cost per acre _ é,Cost N———

AT ‘cubic feet
if the time trend and the time during which water was
released are both constaint. Thus use of cost per acre
as a substitute for price per cusee is justified in this

case, sinece the two are equivaluent upto a scalar multiple.
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By

In fact even if o4 T (or, oT) are allowed to vary within
the year, so long as they vary in the same way for all the
years, the same argument as above will hold and one can leg-
itimately use cost of irrigation water per acre as a sub-
stitute variable for price of water per cubic.

In case the variability in water use 1s confined not with-
in the year, but also spreads across years, cost per acrs will
not be a good substitute for price per cusec. The only way
one can try to get from the one to the nther in the absence
of any information about the nature of such variabiiity across
years, would be to make alternative assumptions about it to
get alternative estimates, If oA T 1is s monotomically
rising functions of time, the cost per acre series will
overestimate the price per cmsec for later years, If no
clear trend is found the former would, in general, serve as
a good enough instrument variable for the latter. It iz séeﬁ -
that the general pattern of results is little affected by
the choice of interest rate or the life span of riparian
construction, For the purpose of comparison, we have also
estimated the equations using a substitute variable for the
water réte obtained by dividing each year's total expensss
on riparin works by the year's estimated acreage. The results
of these regression are reported in Table Ii—l-2. Equations

IT.1-1 to II,1-9 & Eqguations II,1-10 to II.l-15 respactively.
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Other input prices: Some of the other inputs we have

included in the various equations estimated are labor,
land and tools and implements. Two different wage

rates have been tried : the daily wage rate of male
contract workers in agriculture (DWMA) and the yearly
wage rate of male agricultural workers in yens per year
(ViWA). The price for land has been represented by the
rent of paddy field per tan (RPFT). As for tools and
implements used in agriculture, a price index of tools and
implements used in Japanese agriculture (TIPI) has been
used. It is to be noted that neither land nor capital
equipments can be included in current inputs as such. But
as noted earlier, if we assume that the ratioc of current
costs to total costs is remaining approsimately constant
over time current input cost can be made a proxy for

total cost {Cf. discussion on ragressions through the

origin in the Indian example ).

Choice of the base vears * Most of the series were given

terms of four different price indices : 1874-76, 1204-06,
1934-36 and current. We chose to express all our data in
terms of the 1904-06 prices primarily because of the
central location of the base years in reference to the
period being examined,

In fitting the input price data on the per unit
cost of production of rice in Japan, there are a few

features that are present almost without exception, no
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‘matter what combination of input prices we consider-
features—that seem to corroborate the 'leading input’
hypnthesis of Ishikawa.

We can write

CP(t) = Daas (£)P (£)+2,b, (t) P (t)
i i I !

where the ]?;are the included prices and the }ﬁé are the
excluded ones, and then assume either EZLIE = constant,
or g:%fj::AilP in which case we shali be estimating
&iQ/é~A) instead -of the G@UJ%. The estimated constant term
‘ minht also include elements of fixed costs, and to
that extent would be unidentifiavle. However, the parameters
we are interest in are the a{GJE, and these can be approx-
imated by polynomials in t:gs high an order as one might
choose. In our case, the estimated coefficients of s
(é: 0,1,2,--- ) without exception fall quite drastically
as j increases (roughly by the order offOror more)., Hence
~we decided to apnroximate the at) functions by quadratics
in t, since bevond that, the additional loss of d:gre=s
of freedom - (one each for every higher power of t for
each of the included factor prices) did not seem worth-
while. For resilts of the statistical tests to determine
the power of the polynomials, Cf, section III below.

The interestinq feature that emerges from all the

regressions is the sign pattern of the a (t)
1



2T

coefficients. TIf, for instance, a (t)P (t) is

i i
approximated by
8] L . 2 2
a P (t) + a {t.P(t)}—t- a {t.P (t)j .
i i i i i
A0 Al AD
then the estimated coefficients {a , a , a“ ) almost

i i i
invariably come out with alternating signs : ( +, - , + )

or ( -, *+, =) + If in an equation two input prices have
been included with quadratic time functions as coefficients,
and if one of them happren to be of the type (+, -, +), the
other is almost invariably (-,*+ , -), and vice versa. In
case of three of more inputs, the alternating sign pattern
is still very much there, only now the peaks and troughs of
similar looking functions are set wide apart in time.

All this seem to indicate that over the course of
time, one or the other factor has played the role of the
limitational factor - or the 'lezading input' - in the production
of rice in Japan, and also that the role of the 'leading inout!
has been played by different factors at different points of
time. Although to determine the exact location of such
switch points in time would require more sophisticated
estimating techniques and better guality data than we have
at our disposal, the general pattern of alternating leading
inputs seems to fairly clear (Cf. Section III).

To illustrate the point, consider Eg. (IL-1- )

In this equation, yearly wage of contractual agricultural
labor has come out with statistically insignificant co2fficients

for all powers of t., (Incidentally, this result emerges
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quite systematically from the equations we have estimated -
suggestions, perhaps, that most agricultural laborers are
self-employed). As for the fertilizer price and the rent

of rice-producing land, the a_(t) curves, when plotted

i
against time, have the following shapes:

Clearly the negative values in either case for certain ranges
of t are inadmissible, and have most probably come about due
to the forced approximation of the functions by quadratics

in £. Scatters shown in the diagram, for instance, when
aprroximated by quadratic functions would inceed generate
some negative values, The point to ncte is that if over time
the actual combinations of factors measurad in natural units
(i.,e.,, techniques of production}do not change very radically,
this pattern of input productivity curves(or their inverses,
to be exact) would necessitate the alternating emergence of

different factors as leading inputs. To elaborate, let

] Xi (t)
L= il | wesesranss by : A R .
i a5 {Ed

be the production function and let (xl(t),,_,,x_(t)
i g o0

Xn(t{>be the technique of production at any t.If *i (t)

X3 ()
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i, 3 =1, «..on ;3 i £ J are relatively smooth
functions of time, the alternating patterns of behaviour
of the a_(t) coefficients will ensure the Qequential
emergenc; of different factors as 'leading inputs' in
different stages of development.

For egs. II-l-l1 to II-1-9, using the nine altemative
substitute water rates, the general pattern of results
can be described as follows: estimating the cost functions
with price of fertilizer, rent of paddy field and any of
nine alternative water rates as dependent variables, the
three coefficients of tHe quadratic productivity functions
of the‘rQSpective factors are of the sign (+, - , +),
( -, +, =) and {+, -, +) respectively. The trough of
the inverse fertilizer productivity function oocurs
batween the periods 32 to 40, and that of any of the nine
irrvigation water productivity functions towards the end
of the sample period and the peak of the land input
productivity also occurs towards the end of the sample
period; i.2., independent of the life span of riparian
works and the prevailing rate of interest, here (as in
tha Indian and the Taiwanese cases), the results seem to
indicate that irrigation water is the first constraining
factor. The simiiar looking profiles of water and

fertilizer productivity functions in all the three cases

cited might indicate a basic structural similarity between
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them, i,e., the sequential complémentarity of irrigation
water and fertilizer input (although the troughs are
widely separated in time). The peak obtained by the
rent coefficient function towards the end of the sample
period indicates the approach to limits of intensive

cultivation under prevailing techniques.
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1I.2 Production of rice ir Taiwan, 1901-1939

Our seccnd example of the worability of the L,I,
hypothesis is drawn on the basis of 39 years of rice produc-
tion data from pre-War Taiwan, As for Japan, macro data
were used, with the tacit assumption that production tech-
niques did not vary widely from region to region --not a
bad assumption a priori for a country the size of Taiwan,
Our main sources of reference in this case are (i) Agricul-
tural Development of Taiwan, L913-1960 by Yhi-Min Ho (Van-
derbilt University Press, 1966) and (ii) the volume on
tPrices!' in the series 'Long Term Economic Statistics of
Japan' (Vol,.8, published by the Hitotsubashi Unlversity).

Taiwan's growth experience in the early twentieth
country parallels, or surpasses, that of Japan in the Meiji
_efa. Pre-war Taiwan had the advantage of borrowing the
technical know-how of Imperial Japan. In the first twenty
odd years of the present century, emphasis was on develo-
ping irrigational and drainage facilities and in the
next two decades, leading up to Second World War, Taiwan
experienced a very high rate of growth in agriculture,
which coincided with utilization of new and improved seeds
and much more intensive use of fertilizers than before --
mostly imported from Japan. The War affected Taiwan's
economy quite severely and in the post-war
years emphasis on non- traditional inputs and

mechanisation indicates a structural break from the past,
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This is one reason for selecting 1939 as the terminal
date for our sample.

Apart from importing large quantities of fertilizers
and production know-how from Japan, from our point of view,
Taiwan is similar to Japan in more than one ways. Rice is
the most important crop for both the countries, Both are
emall countries with relatively homogeneous production
conditions (Taiwan more so than Japan), both countries are
characterized by numerous farms with small average holdings.
It is no wonder that the results obtained are similar for
the two cases.

Here as in the case of Japan and India, the L.ds
function seems to operate much better than the Cobb-Douglas.
The included input prices are again those of fertilizer and
irrigation water, and as in the other two cases they emerge
as complementary inputs, with similar looking time profiles
of productivity functions. Labour and land prices were
excluded for - apart from the usual problem of non-existence
of reliabie data - neither of these inputs could be deemed
binding on expirical grounds. Since, as for Japan, we did
not have data on water rates, but only on investment on
irrigation projects, we calculated the average cost of
jirrigation water per hesctare of land and used this as an
instrument variable for the price of irrigation water. As
for Japan again, we did this for different assumed life-spans
of projects (Lo, 15 and 20 years) and alternative rates of

interest {4, 8 and 12 %), and the general pattern of results
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is very robust with respect to the choice of either,

Availability of data in the precise form in which
we want them was, as usual, a problem. One has to make
the best use of what is obtainable and manipulate it
according to need, all the while being conscious of the
assumptions made in the process. In what follows we
discuss the data as were obtained, and the use to which
we put them under specific assumptions.

Cost of production data :

No data on cost of production were available.
However, Ho had calculated an aggregate input index for
agriculture which takes into account the main items of cost
including working and fixed capital. Also an aggregate
outnut index for all agriculture has been calculated by
Ho for a total of 74 different products. Since no
consistent price index exist for Taiwan covering the whole
period concernad, whereas data on physical inputs and
outputs were available, Ho had calculated both the indices
in terms of the 1952-56 average prices. This procedure
is admissible to the extent the relative price structure
of the period chosen as base is representative of the
entire period, It is very hard to test that hypothesis
when the data on relative prices for the period are lacking.
However, there is a similar aggregate output index for
agriculture constructed by S.C. Hsieh and T.H. lee of the

Chinese-American Joint Commission on Rural Development,
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* Taiwan (JCRR), in 1935-37 prices. Comparison of the Hp

index and the Hsieh-Lee index shows very little discrepancy.
To the extent the base period relative price structure

is representative of that for the whole period, an index

of productivity, or an index constructed by dividing the

input index by the output index, should be a fair approx-

imation of the behaviour of unit cost of production over time,

As in Japan, since paddy is by far the most important product

in Taiwan's agriculture, we assume that such an index for

rice production, were it available, would not be very

different from the index of psr unit cost that has been

compute& for all agriculture. Hence the latter can be taken

as a proxy for the index of per unit cost of production of

rice in Taiwan,

Price of fertilizers:

Most of Taiwan's fertilizers for the period concerned
was not domestically produced, but was imported from
Japan. Before 1912, domestic production was negligible,
Even in the late twenties and the thirties,when use
of commercial fertilizers went up at a high rate, the
major source of supply of fertilizers was Japan. Thus
the relevant variable to use in this case would be the
import price of Japanese fertilizers. Such data were not

available for the whole of the period concerned, So we
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lookad in Japanese sources to get in idea of the export
. price of fertilizers over the sample period. Volume =8
(on Prices) of the Hitotsubashi University's series on
Estimates of Long Term Statistics of Japan contains
an index of the export price of Japanese 'drugs and
chemicals! of which various kinds of fertilizers and
insecticides constitute a sizeable fraction. We have used
this series to represent the movement of fertilizer prices
in Taiwan for the period covered. As with all indices,
the use of this one too entails some assumptions on the
behaviour of relative prices and shares of commodities
over time.

Water rate:

Agricultural Development of Taiwan contains data on
investment expenditure on irrigation by private and
government concerns. Assuming that cost of a particular
irrigation project is paid up in 10,15 or 20 years, we
calculated alternate revenue streams with three rates of
interest (4,8 and 12%). Each of the nine resulting revenue
streams were then divided by total crop area to give nine
alternative series of average cost of irrigation water per
hactare. These were used as instrument variazbles for the
price of irrigation water,

The equations estimated with the above data come out
with a consistent pattern of the coefficient functions:

the functions reseh their minima within an average span



of five years of each other in the late twenties and

the early thirties.

{
ol 129

a (t) Inverse of fertilizer productivity

e

b (t) : Inverse of water productivity

If irrigation had been the first leading input in
Taiwan's agriculture as Ishikawa claims ‘it was, then the
result we have obtained here helps us to establish the
range of years within which the switch to fertilizers and
better seeds as the next leading input is most likely to
come about, i.e., the range of years that spans the two
successive minima, It is within this period, that the
requirement of fertilizer per unit of output began to rise
sharply relative to that of irrigation waﬁer and this
corrohorates the empirical finding that new seeds and
fertilizers did become the prime movers in Taiwanese

agriculture around that period.
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II.3 Kakrapar Weir and Canal Project : India.

In order to verify the hypothesis of the L,I.
production function, first we take up a micro level
study of paddy production under the Kakrapar Project
in the Guﬁrat region of India; The L,I, function is
supposed to operate well for agricultural units under
traditional agriculture., Provided this is so, by
Houthakker's logic ( 1 ), it sould be fairly representative
of the aggregative production structure too if the units
are not too different from one another in the technigues
they use. Hence for our purposes, micro data are more
appropriate than macro data. However, reliable micro
data are very hard tc come by, The best we could hope for
1s data on a small, reasonably homogeneous region, This
is one reason for selecting this specific case. Also, we
figured that the only way we could hope to get anything
remotely close to a series on price of irrigation water
‘would bato use the rates charged by government under the
various irrigation projects. This prompted us to look
into government reports on such projects. The Government
of india publication titled 'Evaluation of Major Irrigation
Projects - Some Case Studies' (2), or EMIP, for short,

covers eight major projects in India. Among these the

1. Houthakker, : The Pareto Distribution and the CABb-Houglas
Production Function, Review of Economic Studies, 1955,
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Kakrapar Weir and Canal Project is the one most exhaustively
analysed and has the maximum amount of reported data, In
view of the doctoring it needed, one can well imagine the
scarcity of information on the other projects,

Because of the paucity of the data and numerous gaps
in it that had to be filled, it may be worthwile toc describe
in some detail the way we constructed the various time
series needed from whatever data was available,

Data on “dater rates:

As expected a series for water rates charged for paddy
production under the project provad to be the one hardest to
come by. Given the available data, a lot of estimation and
computation was in orcder. In this section we shall try to

explain the what, how and why of it all.

Vie have a matrix of actual crop patterns under the
project for the years 1958-59 to 1963-64 for all the major
crops (excepting that for the year 1963-64, the data on
the Rabi crops were missing). From this we projected for-
ward the acreage under different crops, assuming the
distribution of the crop pattern to remain constant at the
average % - distribution over the years 1958-39 to 1963-64.,
This runs upto the year 1967-68 when our projection of

total irrigated area calculated on the basis of Table

2. Programe Evaluation Ormanization:iPlanning Commission,

Govt.of India-1965,P,.E.O,Publication No., %0.
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s hits the series t5f planned' irrigated area as estimated by
the project planners., 50 for period 1968-69 to 1971-72, we
allow our estimate of total irrigated\area to run along this
ceiling and get the acreage under various cross for this
period by assuming the same distribution pattern of crops
specified inI-3-3 ., Having jotten .the Ajp matrix, we multi-

ply sach row of it by the only series of water rates we have,

the vector Tiiser listed in Table 6, The resulting vector’ﬁt

is the vector of revenues that would have accrued if water
rates(h?d remained cénstant over the entire period, The ratio
Bt/ﬁ ’ is the correction factor that is applied at each t,
to the water rate specified for paddy at t=t¥ (i.e., rjt*)

in order to get the 'competitive' water rate vector WR (t)
used in the equations to represent tﬁe price of irrigation
water for paddy oxoduction, Two assumptions are implicit,
One, in using Rt/ﬁt as the correction factor, we are assuming

that the ratio of the water rates charged for any two crops

is the same for all tae years, i.e., the relative importance

=

of irrigation water to the different crops remains
unchanged over the years. Two, since the very formulation
of the cost functinn implies, or necessitates,

competitive factor markets {just as a production function

0]

implies efficiency), and since the Rt series secms to have

(3) Ry is total revenue expected from the project: it was
estimated by project planners on the basis of net bensfits
to farmers, their ability to pay,a2s also to cover ‘'inter-

est costs' (EmIP,p.74).
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been coﬁputed on the‘basis of the net benefit to the
farmers due to the use of irrigation water and their
ability to pay, the comiputed water rate series WR(t) is
the closest we can get to competitive price for irrigation
water for paddy. :

Note that the computed series is not a water rate
series per se but rather a series of average cost of irrig—
gation water ner acre of paddy lmand. The reason this can
be a fairly good instrument variable for irrigation water
rate is a specific condition vprevailing in most of these
irrigation vrojects. Water is usually rationed out to users
according éo their ectimated needs. Assumiﬁg that this is
- 80, cost of water per unit of land can be taken as a
substitute of the price of water.

Since our water rate series depends vitallly uvon

the assumed acreage distribution of crops, we decided to do
some sensitivity analysis by altering our assumption in this
respect, To get an alternative series of water rates and
to test its effect on the results of the regressions, we
extrapolated the acreage under different crops.separately.
The projected acreage is given in Table II.3.3 along with

the” R* series that emerges from the pattern (Table II.% -QB
lote that the new series of projected acreage lags fgr

behind the !'planned' acreage of the project planners.Hence
the resulting water rate series is likely to be higher than
the original WR series, especiaily towards the end of the

sample period.
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" Cost of production:

The cost of production series is obtained by solving a
first order difference eguation. Something of this nature is
inevitable since the marginal cost of production of rice is
stated directly in the project report for only one of the 14
sample years.(l)We are, however, told that an Indian govern-
ment study projection of 3.39% annual rate of growth of paddy
in the reaion has been used in the calculations of project
planners, 2)1.9., R/X = ,0339, In the absence of any other
information,we had assumed dC/dX to be constant over the

sample period. The exact figure for dC/dt was then derived

as -follows:

XK
Given = , 0339
X
.0339t
or, X{(t) = X{(0)e ,
we have
X/X 0339t
dx/dt = X(0) .0339 e

As we are concerned with cost per pound, X(0) 1s assumed

to be 1.

(1) Cf.Tables and dalaof page 27, The first entry in the 6th
column of Table on p,245(EMIP), is derived by dividing
the cost of additional yield of paddy per acre by the
additional yield per acre per Ib.and X is output,dC/dX=

07
(2) 'Growth Rates in Agriculture'(Directorate of Economics

and Statistics) EMIP,p.243/5)
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.. dX/dt = ,0339(1+.0339t+(.,0339t) /2: + ,....)
~ 0339
U, dc/dt = es/ac/dX, dx/dt = .07 . (. 0339)= .0025

One way to generalize the above result would be to incdlude

some more terms in the expansion for dX/dt,but we decided
against it since the resulting quantitative difference for
the given sample did not seem to be worth the effort.

The alternative series in cost of production- CPL ¢~
CP 2 are derived in the following way: Unable to make any
a priori alternative assumption regarding the behavior
of marginal cost from given information, we decided to
tackle the problem from an altogether different angle,

which would, avoid thes constancy of marginal cost. Note

that .
ey =(%. L) (L.
5 G gt C dX X dt
= dlog C , .0339
dlog X

For the year 1961-62, the cost/revenue ratio of per unit
output of rice is 7/1L7 (Cf, Table attached), Assuming

this ratio to persist over the sample period, w2 have

dlog © = 7. dlogR.
dlog X 7 dlog X

Since R ='p,X, where p is price per unit of outpuf

dlogR = 1+ dlogop
dlog X dlog x
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where dlog p = _l1 _ is the inverse of the price
dlog x &

elasticity of demand for foad which, in all probability,

is less than one. We have calculated the expression (a)

for two alternative values of the parameter £,=0,5 and
0.25, so that the corresponding figures for dlog R/dlog X
are respectively 1 + 1/,5 =3, and 1 =1/.25 = 5. Therefore,

two alternative cost of production series emerge:

(1) C/fc =.0339 x 3 x 7/L7
X W04,
so that
.04t
ci{t) =cC(o) e
(ii) C/C = .0339 x 5 x T/L7
o 307
s0 that-
' ol
c(t) = c{0)e ’
These two series are called CPland CPlrespectively. The
initial C{0) is obtained in both the cases from C(4) =.07.
An alternative approach might have been to assume
long run competitive conditions to exist, so that C=R., We
calculated the cost of production series that emerges
from this assumption and tested our equations against them,
The results were less satisfactory than if we allowed a
cost/revenue gap to persist over the years. In fact this
latter assumption is better on a priori grounds too, since

the cost quoted here is cost at source of production whereas

the revenue per unit would include such things as 3
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transportation costs, storage costs, dealer charges and
so on, It would have been better if we could get the
actual C/R ratio for each year separately for the sample
period, but as usual, data were lacking.

The exercise performed with the Kakrapar Project
data is purely a demonstrative one. For one thing, the
degrees of freedom are much too few to make any kind of
conclusive statement. Given such limitatilons, however,
the L,I, cost function seams to fare reasonably well vis-
a-vis, say, the Cobb-Douglas cost function (Eq.IDB—G{Q?)
which is the dual to a Cobb-Douglas production function.

Ve start from Ishikawa's identification of the two
leading inputs in S,.E. Agr., as being irrigation water
and a composite input represented by fertilizers. The only
two input prices included in the cost of productlon are
the price of fertilizer and the water rate. Apart from
trying to examine the explanatory power of the Lot
hypothesis, we wish to examine the possibility of switches
in the role of these two inputs. As for the remaining
factors, we can make either of two assumptions:

(i) that the sum total of their contribution to cost
remains constant over the period egamined, or,

(ii) that the sum total of their contribution as a % of
total cost remains constant over the period.

For the first case, we should include a constant in the

regression equation ; for the second, we sould not include

any. In this case the estimated coefficients would pick up
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a factor of proportionality.

If CP(t) =Za_(t) P (t) +Zb (t)P (t),
y I i 5 J 3

where P 's are the included pricds and P 's are the

L J
excluded ones, and if

Z b (t)P (t)
a_ J J

CP(t)

= A

» a constant for all t,

then the eqguation above can be rewritten as

ce(t) = a (t) P (t) +A. CP ()
1 =
or, CP(t) = 2;1 a: (t)
L fl—i:-x-( P: (t) = dei(t) P, (t)

To the extentA is small, the estimated coefficients d's
will be close to the a 's . But the thing to note is *
that the identifiabiliiy of the a.(t) coefficients is not
of primary importance, since whatlwe are primarily interested
in is the time profile of the productivity coefficients,
which do remain identifiable up to a scalar multiplication.,
However, there are two corrections to be made in the
printed eguations without a constrant term. First is the
value of R, Printed R2 is calculated on the basis of the
formula >

R? zget

PN

This formula is correct if there is @ constant term in the

~
|

i
N
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equation, for then € =0. It is not so If the equation
contains no constant term as an explanatory variable, The

proper formula for such cases is
,{'2.. . l . zfet
’ T

Secondly, the printed D-W statistics for equations without

a constant have no bearing on the actual degree of auto-
correlation present in these equations,since the DWW is
computed on the basis of the assumption that the estimated
eguation contains a constant term,

The results obtained are quite robust with regpect to
the alternative cost of production series, but not so with
the zlternative water rates. This is because the divergence
between plannad acreage (used to calculate the WR series)
and acreage projected from past trend (used to calculate WR
1) is very high -- almost of the order of 3 to 1 for the
later years,

Equations II.3-1 to 3 are regressions run against the
three alternative cost of production series with WR 1 as
the price of water. The t-values of the coefficients are
almost always significant, Also, all threes equations
indicate similar time profiiss of productivity coefficients.
similar to one another and to the broad pattern that
emerges from the other two cases (Japan and
Taiwan) studied here, The sign profile of quadratic
productivity coefficients for both the inputs are also

identical -- possibly indicating the complementarity of
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irrigation water and chemical fertilizers, although the
points of extireme are separated in time inside the sample
period. The ecuations with WR instead of WR1 as an
explanatory variable do not come out with such clear cut
features (Cf. eags.l4 and 5). As indicated earlier, this
could be caused by the unnaturally low WR values, especially
in the later years, generated by an unrealistically high

'planned! irrigated acreage series.

The same data tested against Cobb-Douglas cost
functions (egs.6 -%) come out with results clearly worse
than L. I. functions-- often with highly significant
negative coefficients. The C-D functions with CP1 & CP2
as dependent variables have multivlicative technical change
function A (t) of the form t where is a constant, rather
than ofthe usual exponential form A (&)= eft, where 1!
is the constant rate of technical progress. This modif-
ication of the usual form was necessitated by the nature

ofthe dependent variable series CPI and CP2, which are

thenselves solutions of exvonentizl equations.
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© II.4 Production of corn in Dillon County,South Carolina:
A study in contrast:

This case-study is motivatéd by the desire to find
out how badly, or well, the L.I, function fares when the
presumed conditions for its applicability are absent,i.e.
where ex-ante substitution possibilities are indeed varied,
and the choice of techniques of production at any particular
point of time is presdmably dependent on relative factor
prices, The obvious choice was the United States, both
because of the sophistication of its agricultural product-
ion techniques, and the easy availability of data. We decid-
ed to perform the experiment on micro data because in estima-

ting a production function via its dual cost function, we
ére tregting factor prices as parameters --and that is a
more defensible position to take if the data are of the
micro type.

The choice of Dillon County in South Carolina is
motivated by no particular fact but, again, availability of
some data over and above what is obtained in the Agricul-
tural Census volumes and other standard U.S., Department of
Agricultural publications.(Cf, section on data sources), &
the history of this part of the country as a stable corn
(and other crops) producing region in recent years. Going
through the agricultural history of S. Carolina, and the
old issues of the Census nf Agricult ure, it was cléar that
up until the early part of the 20th century,the northwest

section of S. Carolina, where Dillon County is located,
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"had cotton as its major aqgricultural produce, But gradually
around the twenties corn replaced cotton as the main
production items, and since then 1t has remainad that way.
We figured that if the L,I. function depends for its
applicability on the prevailing conditions of under~developed
aqriculture, one would expect it to give not-too-good results
in the context of developed a7jriculture : indeed,standard
neo-classical production functions like the Cobb-Douglas
ought to explain facts better than the L.I, in such contexts.
e tested corn production data in Dillon County for the

years 1945 to 1964 - the yesar for which the latest census
data were available --against both the L.I. and Cobb-Douglas
cost functions, and true to our hunch, the Cobb-Douglss

fared better than the L,I, in explaining the present data,
and fared relatively much better than in the previous cases.
On the othef hand, the L,I. function fares much worse than
before, --sometimes giving out coefficients that stay
negative for the whole range of the sample period and beyond,
even with a guadratic time functién, and more often than

not failing to show up the alternating parabolic time
profiles as before.

One ought to take these results with a grain of salt,
however,For one thing, here as in the Indian case, the degrees
of freedom were very few, The reason is, of course, scarcity
of data. It is virtually impossible to get published data

useful for our purpose on a county by county basis, The
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The best we could do was to take census data published once
every five years, and interpolate for the intervening years
--a procedure quite unsatisfac:ory from the point of view
of econometric estiﬁation, and yet the best we could think
of under the circumstances. The best we could hope for was

to get a verficadtion of the hypothesis that the L,I.function

fares relatively worse, and the Cobb-Douglas fares rela*ively
better, in this case as compared to the previous ones discuss-
ed, and the results clearly seem to indicate that.

Data and data sources:

Cost of production of corn peéer bushel in Dillon County:

No data on cost of production of corn in Dillon County
was available. 'We had to construct the series on the basis
of various assumptions. A manuscript entitled 'Selected
South Carolina Economic Data' by J.D., Conklin and R.A.
Quesinberry (published by the Bureau of Business and Economic
Research, University of S. Carolina, Decembér, 1969) contains
a series on S. Carolina Farm Production Expenses (Table 5,
pp.13-16) for the years 1949 to 1968, The series on the farm
value of corn prhduction in Dillon County and in all of South
Carolina were available at intervals of five ysars from the
various issues of Census of Agriculture. The farm value of
total aqgricultural production for the two places was
also available from the same source. For calculating
the cost of production of corn in Dillon Country, we made

the following assumptions:
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Production expense of corn in Dillon County
(i)Farm value of corn production in Dillon Co,

= Production expense of corn in South Carolina
Farm value of corn production in South Carolina

Production expense of corn in South Carolina
(1i) Farm value of corn production in South Carolina

= Production expenses in all agriculture in South C.
Farm value of all agricultural production in S.C.

Assumption (i) implies that the rate of profit earned in corn
production in Dillon County is equal to average rate or profit
earned in corn production in all of South Carblina, and
assumption (1i) implies that the rate of profit earned in corn
production in South Carolina is equal to the averége rate of
profit earned in all agricultural production in the State.The
first is a pretty defensible assumption in the absence of
specific facts to the contrary, specially since Dillon County
appears to be pretty much in the middle of the range of S.C.
countries so far as earnings per acre go. The second
assumption implies that corn is neither in the most profitable
nor in the least profitable zones of all agricultural prod-
uction in S. Carolina, Note that unlike in the Japanese case,
this assumption does not imply anything about the relative
organic compositions of the various agricultural sectors, nor
does it depend on corn being the most important agricultural
produce of the state, since in this case, unlike in the
Japanese, production expenses include depreciation and rep-

lacement allowance for fixed capital equipment, rent of
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‘Land and such expenses as interest payments on mortgages.
Putting these two assumptions together, we have
Production expenses of corn in Dillon County
= Farm value of corn production in Dillon County,
times the average rate of profit for all agricul-
turél production in South Carolina, where this latter
is defined as (being equal to

Production expenses for all agriculture in S.C.
Farm value of all agricultural production in S.C.

The production expenses of corn in Dillon County has then been
divided by the total number of bushéls of corn harvested in
D,C, in Corresponding years and converted to 1957-59 prices

to give the cost of production of corn in Dillon County per
bushel {(CCDC) -~ the dependent variable in our equations.

The figures for the years 1945 to 1948 are estimates,

Farm Wage rate:'

The series of wage rate for farm laborers is taken froﬁ
the book 'S2lected South Carolina Economic Data' cited above.
The specific series chosen is the annual average for South
Carolina of wage rate with room and board in dellars per day,
This is given in current prices, and has beenfeonverted to
1957-59 prices to give our wale rate series WRDLZ,

Price of farm machinery:

No series of farm machinery prices was available for
South Carolina., Hence we decided to use the series on the

index of prices of arm machinery paid by farmers in
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all United States. This series is taken from various issues
of 'Agricultural Statistics' published by the U.S. Department
of Agriculture., The original series was given in 1910-14
prices, We recomputed it in 1957-59 prices to get the farm

machinery price index series (FMPIZ) used in our equations,

Price of fertilizers:

Of the two fertilizer prices ued in these eguations,
one is the price per ton of sulphate of ammonia taken from
the various issues of the Dept. of Agriculture's annual
publication 'Agricultural Statistics' cited above., The other

is a price index of fertilizers paid by the farmers in all

U.S., also taken from the same source. Both have been redomeu. .

in 1957-59 prices., These are our two saries PSAFZ and FPOBZ
respectively.

Equations 1 to 3 are applications of the L.I, function
on the data at hand, whereas equations 4 and 5 are of the
Cobb-Douglas form. In general the L.I. functions have come
out with better R?, but then this could be attributed to the
relative meagreness of the degress of freedom as compared to
the other’case, The interesting thing’to note is that
the L.I. function shows consistently worse performance than
in the previous cases. The t-values are in general worse than
in the Cobb-Douglas functions, The‘coefficients are often
negative for-all or most of the sample period, and the
alternating pattern of time profiles of coefficients is not

as evident ag before., On the other hand, the Cobb-Douglas
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functions seems to be in much better shape than before. The
t~values are good, except for the wage rate, which 1s
insignificant in both the cases. The sign pattern of coeff-
icients in eqg. II 4.4 are just what one would expect if the
true cost function were Cobb-Douglas : positive for the
factor price coefficients, and negative for the constant
ferm and the coefficient of time -- indicating a 0.7% rate
of technical progress. In eguation IT 4-5 we had the log-
arithm of total output as an explanatory variable to take
care of the possibility of non-constant returns to scale, and
the coefficient of the term comes out to be highly significanﬁ{
The coefficient of time in this equation 1is positive, contrary
to usual expectations, but this can b2 explained, perhaps,by
the introduction of the pghenomenon of increasing returns to
scales via the total output variable.

Not all is well with the Cobb-Douglas representation
though. The D-W is quite unsatisfactory in both the cases.
The D-W is also pretty bad for equations II.4-1 & 2, The
thing to remember in emperical investigations of this nature,
specially where data are so scarce, and often so unrepresen-
tative, and autocorrelated, is that the results can best be
indicative of a pattern, and nothing more. With all such
reservations in mind, it seems to be reasonably clear ﬁhat
the relative positions of the L.I. and the Cobb-Douglas
hypdlheses as descriptions of the production structures have
indeed reversed in this case as compared to the two cases

analysed earlier,
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tatistical analysis of the L. I. function:

Section III is concerned with statistical analysis of
the L.I. function. The reasons behind the choice of a Leontisf
type functiosn with time-varying coefficients and the specific
statistical hypotheses tested are described below.

Choice of a Leontief type function

. By the Diamond-McFadden - Rodiguez theorem( 'Identificat-
ion of the Elasticity of Substitution and Bias of Technical
Change' in 'An Econometric approach to Production Theory!
edited by D.L. McFadden),it is not nossible to simultaneously
identify the elasticity of substitution and biases in techn-
ical change from priCe—quanﬁity data. In a receni paper L.
Lau & S. Tamura (JPE, 1972) have used and estimated a
non-homothetic Leontief-type production function,

On the basis of the above mentioned theorem, they have a
priori assumed the production function ;n Japanese petro-
chemical industry to be 'limitational' (Leontief type)

and proceeded to study other effects. In our case, too,
the presumption of complementarity in production was

based on uniformly superior performance of the L.I.
function vis-a-vis the Cobb-Douglas, For Lau & Tamu;a, the
assumption of a 'limitational' function was presumably

prompted by similar earlier studies for Japanese chemical
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industry where it seemed to ha&e performed well. In our case
the hypothesis of a Leontief function was suggested by
Ishikawa's findings about strong complementarity in some
input uses, together with the usual experience in devel-
oping countries of the malperformance of 'traditional' fact-
ors after a certain stage of development is reached , (e.g.,
Schultz:Crisis in World agriculture). The empirical evidence
he cites neatly fits into our scheme of things.

Choice of the input reguirement functions:

The input demand function for any inpuz,xiimplied in

our model is X&) = a(®»). YO, a Fa; - (1)

where VY(t) is output at time t.

The input demand functions estimated by iau & Tamura are
X'L(j:) = ai &) I'I.LI___Y(t)j e e o e (2D

Here total input demand is subjected to two kinds of effects
(i) scale effect, coming through changes in Y, and (ii)
technical progress effect a. represented by an exponential
function of time. Although (2) is apparently more gensral
looking than (1) the appearance is deceptive. For under no
circumstances doss their technical progress parameter-bﬁ)
come out to be significantly different from zero; i.e., in

effect for YL , (2) can be written as

X W = a, b YRS - -~ - @
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This 1s sc because, some kind of impossibility theorem
operates for the simultaneous identification of scale
effect and technical progress effect also. As they

conclude : 'Any technical progress ...must be embodied

in scale' (p.l184), To the extent that this si so, the two
effects are not separately identifiable. This unpossibility
is all the more prominent if all the data we have are time
series data, as in our case.

Thus although in form (1) is a special case of (2)
with hi@):Y b i,the gén@rality is hard to capture in
practice. The choice boils down to one between 1 & 3, &

a priori there is not much reason to prefer one over
another, However, in our case, choice of (1) is prompted
by two reasons :{i) all the data we have are time series
data for which (1) seems to be the more appropriate
alternative since the one thing that will vary in a time
series study is time, - even if output stays constant

and (ii) since we wanted to estimate cost functions
rather than individual input demand functions, Choice of

(3) would have led to non-linearities in exogenous

variables: time béing a non-stochastic variable, the
problem of non-=linearity in estimation is avoided by

selecting (1).
Keeping these observations in mind, the ai(t) funct-
tions should be interpreted not as technical progress

functions but as unit input requirement functions,
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Movement of Unit input requirement under (2) :

The input demand functions that lLau and Tamura estimates
are of the form:

X (t) = a_(t) h (Y (t).
1 1 1

. « Unit input requirement

X3 :
i : v
O.C x‘i — a“ ] -\}' I
"x— -—.-J.:._. . — [hi (Y)Y "-L] 05-00(4)
1 a1 L hy (v)
h./(Y) Y
where 7§ ‘- is the elasticity of the function h;(Y)
hy (Y)
i

with respect to Y. Since a; is the technical prograss

: as
function, 21 is<(3.[§ote that the ai(t) functions are the
- At
inverse of the usual technical progress functions{ But
in general we cannot say anything regarding the sign of

the other term. If there is constant returns to an input

A X '
X3 hl'g_ =1, and X3 is definitely <-O. I£ Bak, Eii
hi Ag § h (Y)
. Y
may have increasing returns (Eé%:(l)’ BUt s Sy be
< 0, s» that % may be> 0. Or, for positive % , the

returns to an input may be decreasing —-- as in the case
of the capital input for Ozaki (Economies of scale and In-
put-output Coefficients : Essays in honour of Wassily

Leontief,ed.by Carter & Brody)--so that Y éhﬂY —l)will be
Y ‘h
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>> 0, and for small a; (as for Lau & Tamura), X_may
ai X
well be;> 0. In general, the model imposeés no a priori

restrictions on the movement of unit input requirement over
time. This is consisteﬁt with our model where also no
restrictions are placed on the movement of unit input
requirements so long as the temporal dominance condition is
largely satisfied; i.e., so long as a later period technique

is not dominated by one, or a convex combination of more than
one, previous per od techniques (Cf. appendix IT-l1 on dominance

condition).

The L.I. function :

Having stated above the reasons for the general
formulation, we shall now try to define more sharply what we
mean by the L.I, function. IE is a function which should
satisfy the following three properties:

(i) It belongs to the class of Leontief functions

with parameters varying over time.
(ii) Given exogenous factor supplies, the parameters

| change in such a way that different factors
become binding constaints over disinct predictable
time intervals. .

(iii) Over a period in which an input X is binding,
unit input requirements of other ;actors will
fall.as the supply of X rises. The input
requirement of the 1ead;ng input X itself may

i
or may not rise over time.
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. or may not rise over time.

Reasons for the choice of a Leontief function have been
given above. We have tested for the order of the time poly-
nomial representations of the parameters, which also tests
for the hypothesis of pure homothaticity over time (pure
Leontief). It is to be noted that the parameter functions
a.(t)fs are estimated using a cost function,so their esti-
m;tes are linszar combinations of the input price vectors
and the cost of production (effective at the corner points
of L - shaped iso quants)and so they are independent of
factor supplies, Sine the a.(t)'s hava besen estimated from
ths dual cost side, in prinéiple they are independent of

factor supplies. Drastic changes in factor supply composition

over time would inde=d change the level of output

drastically, but in our set-up, they should not affect the
unit input requirements, This reflects éhe lack of respons-
iveness in the model of choice of techniques to short run
composition of factor supplies, In long time series studies,
nne can presumably ignore such considerations.

We have constructed the following tests on one repres-
entative equation each of Japan and Taiwan.They are:

For
(CPRK)=C +a (t)(PFS3Z) + a (t)(SWR5Z)+ a (t)RPFTZ -/Japan
1 J 3
ICP = C + a (t)(PIDC)+a (t)(3WR5) - For Taiwan,
1 2
Here, PFS3Z, PIDC are fertilizer prices & SWR3,SWR5Z are

water rates. RPFTZ is rent on paddy field,



In testing for the order of the time polynomials approx-

imating the true d{(t)functions, we found that if we write
1 L2
GL(" (—t) = Q’LO -+ CEL"E T QLZ{: + %3

the total explanatory power of the cubic coefficients Ai3
(i = 1,2 for Taiwan & i = 1,2,3 for Japan) is not signifi-
cantly different from Zero at 99% confidence level-whereas
the quadratic parameters Qﬁ; come out with highly signific-
ant explanatory power., Testing for the hypothesis that the
functions are quadratics in time as agains that they are
cubic, linear or pure Leontief, the latter are always
rejected at 1% critical level., However, if Hyis that the
true functions are linear in time one cannot reject the -
hvpothesis that they are pure Leontief for Taiwan, The
relevant F-values are given in the following table.
Polynomials of order higher than the cubic have not been
tested,

Let the cost functions be given by:
™m 3 ;
4
1
where m = 2 for

Taiwan & = 3 for Japan,
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Test 1
H =0 i,& j=3 o= 1.24 *3—4'0 Reject 2--201 2 _ 5,30
0 H aij = s J -~ 53— o la gs— .o HeJeC gn— . F30"' e Accept HO
A
PR} ACCEpt
: ( i =3
HA H aij ) 1 & u
[}
lest 2
. . 3 3 . 2 2
H ai'= i, & j=2,3 F56 = 12,73 F = 4,16 Reject F =1&,.87 F = 5,34 Reject H
v 56 H 32 32 °
HA = aij o i, j=2
and ag; = i, j =3
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H s a, . =0, i,& j=1,2,3 o =10,47 F_ =4,13 Reject Fo= 2,47 F =5,25 Accept H
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H 34 34
o
HA : aij = 0 i,j = 1,&
a4 = 0 1 o j=2,2
Test 4
— - — 16 — o \6 — 3 > '\4 Eal 4 ~
H : a,.,= 0 i, j=1,2,2 Fr__ =8.27 F_= 3,16 Reject F =10.32 F =3.97 Re ject H
o ij 56 56 ©
H 32 32
o
HA aij 0 i,x j=1,3
La,, =0 i, & j =3




55 =

(ii) Given the form of the estimated functions,
& 2 j
C(t) = 2'- 5: (aij t )- P; (%),
1=1 J=o
e estimated the following equations:
A
NS w8 W)
s R
t t
51 & 2 _25
d y O & :
an {Xl(t) / 2( )j‘ _ DZZ '}"/3213
ixl(t) / xz‘(t)}

N
where 4 (t) and as(t) are estimates for a (t) + a (t)
1 1 2

~~coefficients for fertilizer and irrigation water prices

v ol E)

respzctively, and'xl, X, are supplies of the respeétiva
inputs. The objective 1is to use the %stimated'él(t) funct-
ions to test for the possibility of a swithc in the leading
inputs inise the sample period. The ai(t) functions are
estimated at the corner of the L - shapad isoquants - by
virtue of the fact that a cost function is by definition,
efficient. But actual output will depend on factor supplies
as well, It is impossible with the available data to tackle
the problem in its full generality.,#hat we have done here is
to tast for a rejection of the hypothesis that a swithc in
the binding constraints has occured within the saﬁple period,

Conser the situation where
al(O) A an (o)
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i, that irrigation water is the first binding constraint,

Then a switch cannot occur if X //X , Tises at a rate lower
Lp)

<

than that of a //a . Therefore, if we approximate the time
2 1

rates of change of these two ratios by linear functicons, the

hypothesis H : f% > f3 being rejected would imply the
0 1 2

rejection of the hypothesis of no swtich, where f3 's are the
.i

coafficients of time in {i) above.

.. H fsl -fgz <o

o)
H f% -/3 D 0
A 1 2
Japan: Taiwan
Computed t = 3.34 Comput=ad t = 9,89
Critical t = 2.6L Critical t at 1%=2.63
at l%
Reject H Reject H
0 o)

Thus hypothesis of no swtich is rejected at 99% for

both Japan & Taiwan.

(iii) Knowing that there is likelihood of a swtich, we tried

to locate the approximate time for both Japan & Taiwan. From

a comparison of exogenous factor suoplies with the estimated

éf(t) functions the swtich for Japan seems to have occured

bétween 30-35 years (where X /X = Q.;/‘g.)‘ Prior to this,
i 3 i j

irrigation would be the leading input and after this fertilizer,
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Test (ii) above reveals that irrigation being the first
constraint is consistent with the data. We tested for
property (iii) by taking estimated input requirement for
fertilizer for the first 30 years for Japan and regressing
it on supply of irrigation water and land., As expected,
coefficient for irrigation is negative and significant,that
for land is not, If the time horizon is expanded to the
first 35 years and then to 40 years, the explanatecry power
of irrigation as the leading input 9095 doen as manifested
by gradual fall in the t-values, If in these same intervals,
we regress estimated coefficient of irrigation water rate onr
fertilizer supply, the resulting coefficient is positive.
Hence we reject the hypothesis that fertilizer is the first
leading input. B

We next take up the second time periods (31-63,36-63
and 41-63), where the hypothesis is that fertilizer is the
L.I, and repeat the same expsriements. Once again the sign
pattern of coefficients tﬁrn out to be the way we want
them to be :(a) input requirement of irrigation is negat-
ively and significantly related to supply of fertilizer
but not conversely and (b) this relationship is best for the
time interval which corresponds to the best interval for

water being L,I., in the first period.
For Taiwan we tried the same set of regressions with

the crucial interval placed around 20-25 years, The role of
irrigation as L.I, in the first interval is less clear than
in Japan, but one can say for sure that fertilizer input
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‘in the second interval satisfies the needed condition (iii)
and irrigation water do2s not.

From these results, though nof ver? sophisticated, we
thought that the first tentative conclusions.might be
derived. It is quite possible for all the data t5 have been
generated by some involved shifts in production function of
a completely different nature : we have not proved that to be
‘impossible. However, we do not know whether such a proof is
at all possible in empirical work, and secondly, we do not
really know if it is neeessary. We tried to férmalize
the oft-mentioned phenomenon of complementarity in agricultural
economies in a way amenable to simple analytical examination &
incorporate it into a qualitative model of development, and
study the consequences, We showed that as we defined the L.I,
function, it can explain tﬁe role played by different inputs
at different times in history., We did not get a full explana-

tion of what moves those a.(t)functions,but then it bturns out

that may not be possible a;yway.And even though we did not,
for the purbose of predicting the behaviour of input demands
and output response,it is possible that we do not need that
information,We are aware of the possibility that this kind of
analysis may,in fact,be suited best for micro studies,And that
L.I.as a macro phenomenon may be less supportable on a priori

arounds, But availability of data is the major constraint
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in this. All we are claiming is that this is a better way
than labelling everything as capital and labor and this may
be a useful way of trying to find out how some key inputs

affect the system.
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1
F
)

P

: Irrigation
: Fertilizer

: Land

as

Input requirement of I
Input requirement of F'

Input reguirement of T,

Dependent variable ¥

Dependent variable X

Interval ;Coeff. of I . Cogfts of T Coeff. of F Coeff, ol ~
Years of T.
(1-30) -2,10 - 17.87 0.005 -0.0007
(-3.06) (5.57) (5.65) (-1.68)
(L -35) .. 11.92 0,005 -0.006
(-2.04) (5.55) (B.65) (-1.39)
( L-40) -0.48 8.14 0.00L -0 .,0004
(-0.95) (3.61) {(4.,08) {wdla3l)
(31-63) 0,54 ~l.14 -0,96 49 ,57
(0.39) (-3.76) {=1.55) (5.51)
(36-63) 0.38 -127.8 )i ¢ A% 46,26
(0.32) {-1.39) {-1.42) (3.72)
(41-63) =1.72 13.28 -0.0001 -0.001
(-.57) (12.98) (-8.37) (-22,92)

- Figures in brackets are the t - valuss,
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Taiwan
I : Irrination x : Input regairement of 1
F : Fertilizer y ¢ Input requirement of F
Dependent Dependent
Variable : vy Variagble : x
Interval:  Coefficient of I Coetticient of F
Years
(1-20) N34 -0,46
. (-6,62) (-11.97)
{ 1=25) 5 -0.60
[-2.16] (-11,09)
(1-30) -0.05 ’ 06 T7
(-0.41) (-11.62)
(21-39) 40,001 -2 .59
(+3.23) (-16.43)
(26-39) 0,0L -4,13
- (2.23) (-3,0L1)
(3L=-39) 0,002 =3,28

(1,38) _ (=21,24)
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Iv.

The econometric study of time series data on paddy pro-
duction of various Asian countries above has suggested that-a

somewhat disaggregated production function of the form

i X&)
() = min| <7 |

worksbetter than standard neo-classical functionsg.The idea is
similar to S. Ishikawa's 'Leading Input'! hypothesis, which
states that at various stages of development of such economies
different inputs seem to generate the ma jor thrust in agricul-
tural activities, although (a) at any point of time, the co-
efficients a's are constant and (b) over deteminate time inter-
vals different inputs play the leading role. It has been shown
that estimation of tﬂe cost function dual to the above equarion
for @ leads to the a (t) functions. In the cases studied, irri-
gation water and fertilizer/better seeds play the role of the
first and second leading inputs. Generally labor is one of the
non-binding constraints.

Quite clearly, when we switch té something like a
two-factor two-sector economy, somergh.of the most important
features of the snalysis will be last.Still to get simple,
gualitative results which can contrasted with models of the
pure neo—clgssical type, one falls béck upon the old capital
jeily and hopes that some of the flavour would still be main-
tained. We will comstruct a dual econoly model where the only
importamt innovation is in the agricultural production funce-

tion which we call the L.I. function (for Leading Inputs, or
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Leontief-Ishikawa ) with parameter constraints so as to make
capital (K) perform the role of the first leading input.
Since at any point-of time the productivity coefficients are
fixed, one can now postulate a wdde range of agricultural
wage rates consistent with competitive equilibrium. We will
solve the general model where the saving propensites of wage-
earners and capitalists are different, and each lies between

zero and one. A more general version would distinguish betw

ween SS' and SS ( propensities to save out of wage income in

agriculture and industry respectively) on the one hand, and
sA‘and si

P
having one s . for all wage income and one SP for all profit

(same for prodit income) on the other. While
e, T
income are simplifying, putting 8, = 0 turns out to be

critical. As we shall whow, the Kaldorian case s, = 0, s, =1

p
most often used in theliterature (cf. Dixit (1)) imposea
serious restrictions on distributive shares and other econo-
mic variables once the agricultural production function

is admitted of the L.I. type. In particular, one is forced
to choose a Cobb-Douglas production function for industry.
In this context, one = might refer to the work of Little
and Mirrlees (3) citing evidence that savings out of agré-
cultural wage income are strictly p&sitive. On the other
hand, the assumption of a Cobb-Douglas production Ffunction
for industry has also serious analytical and statistical
implications (Cf. Marglin, (4)). The ganeral model we have

solved will bring up these issues clearly.
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Once we introduce a Leontief type production function
in agriculture, the question arises, how are the factor
priees determined ? We will assume that the wage rate in
terms of corm in agriculture is w = w, given. The assump-
tion is an old one in such models; however, with our pro-
duction function as opposed to a nwo-classical one, (i) it
arises as a technological necessity rather than a bio-
social one, and - a related consequence - (ii) it allows
us to studyv the behavior of solutions under parametric
variations of w between 0 and 1/b(t), where b(t) is the
imverse of the average productivity of labhor at time t.
Having fixed w, and knowing the h(t) and a(t) ( inverse
of the average productivity of capital), the assumption
of L.I. is now consistent with initial agrickhltural labor
surplus (Liﬁo) 1A (0)). Also wrA gives the wage bill in
égriculture, so that the average return to capital in
land is known ©r(t) = (1 - wb(t))/a(t) . Hence under
competitive conditions with shiftable capital, one can
find the equilibrium r(t)/p(t) in industry for various

terms of trade p(t).

Variables.

oM(t) ¢ Agricultural output, corn, at time t.

LA(t) 1 Labor gainfully. employed in agriculture.

KA(t) : Capital employed in agriculture.

CA,CT : Consumption of corn in agriculture and industry

respectively.
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p(t) : Price of the industrial good in terms of corn.
rl%] ! Rental rate in terms of corn.l

Ql(t) : Industrial output.

KYt) : Industrial capital.

Li(t) : Industrial labor,

K(t) : Total capital stock at time t.

wI(t) :  Industrial wage rate in terms of corn.

Parameters.

W : Institutionally fixed wage rate in terms of

corn in agriculture.

sﬁ ,si : Savings propensifies out of agricultural wages
and profits respectively, assumed constant.

si ,éi ¢ Same for industry.

a(t),b(t) : Unit input requirements of agricultural capital

and labor respectively, at time t.

The model.

The following equations describe the model for the

A

general case where 0 < s

¥ A T
s, <1 and.OSsF #spél.

Kl A
Q(t) = min[i;ﬁ;}) g;%? : Agricultural produc-
; tion function.
or, Q(t) = K (ﬁ)//aﬂﬁ) S i {0
L (8 /b (e) -

where Li(O)( LA(O), and K" is the bindibg constraint.
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i 1
Q° (t) = F( K (), T' (%)) swims 199
the industrial production function. We shall assume it to

have constant returns to scale and also that F o ,F; <o .

oF e e ()
TG

competitive capital demand in industry.

oF e (5)
RO LG

competitive labor demand in industry.

Consumption in the agricultural sector is given by

/

GO (1 W B LA (5 17 SN 1

Consumption in the industrial sector is
I L EL'L 1 1 /
C: (I—Aw)h} +(l_}r>¥]<' I I I A O (?)
Since all agricultural output is consumed,
A I
af = x C
x5 T A i\ (]
1 A I
() B U 0ol (K -3 K
/
R

Rental rate on capital, r(t), as fixed in agriculture, is

| wb(®
r(t) = ceereeses (9)
a (k)

Labor supply function to industry is taken to he



P e

- JLLLDL;EJ)- , §/>0, ,f(o)éo AP 4, 1.

Here we make the implicit assumption that wages are paid in
kind in both the seofors, so that industrial wage earners
receive theirfﬁages in terms of machines, which they ex-
change for corn, Hence the terms of trade p apperas in the
labor supply equation.r

Assuming full employment of capital at each t,
5
k(5) = KAW + K'(E) cosn (4]

Lastly,there is the jdentity edquating total investment (R)
L
to the output of the industrial sector, Q@ . Assuming

savings-investment equality for the whole economy,we have

i

k=g = KA+k’

. I 4 A
T:l)“[/‘;wLﬁe,+ JJDIL +Z‘P7k _'i_/S::YkI] ...(12)./

Solution procedure

The static part of the model consists of the
first eleven equations in thetwelve unknowns : QA’, g R
o, d Lk, , e, b, W, c ¢', and K. Hence, in
principle, one can solve for the first eleven variables
in terms of the remaining one, K., Substituting in the

R.H.S. of (12), we get the differential equation for K

describing the law of motion of the gystem.
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Closed form solution of the model as specified above

may not be possible and will certainly be very cﬁmbrous.

T A I

Hence we will assume SS = B = B, and %) = %; = s#. Then

equations (67 , (7), (8) and (12§ become
A
g = (l_/su)aL":1 ¢ ai (I-—Ar)fk .. (6)

(!—*Jm)“’ILI + ('*/SIJ rk’ « o 07}

m
H

(1-3.)(® WL)—# (1-8p7rK .. (8)

2
i

and K ?-Q)l = l';‘[/}w(al‘ha*"wr)‘r) ”"/Sryk——[ wsf1@),

Since in thefmodel ( equatbns (1) - (12)), factor
shares in industry can rise, fall or stay constant, assump-
tion of a Cobb-Dougls production function for this sector
is a purely simplifying one (Ccf, section on distributive

shares below).

Solution
Assumption of Cobb-Douglas functbn for the indus-

teral sector replaces (3) above by

b o (FI>Q(}}>1Fi D<o Ly isw LI
e = _ ®
Then ng = (1=«) Ll<t/Li) sxn (1H)

The industrial labor supply function is given by
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Ly = (wta), 4 >0

Ideally for wr =W , I’ should be 0, i.e., unless industrial

&
wage rate is higher than the agricultural wage rate, no
supply of labor will be forthcoming to industry, so that
f(x) =0 for x = w-w £0 . One can postulate an Arthur
Lewisian type infinitely elastic ps schedule £o industry,
making f’= o< . This is unsatisfactory for more than the
usuval reason fo positive transfer costs. For one thing,
as® labormoves from agriculture to industry, cet. par.,
per capita consumption in agriculture rises, and one

would need to offer higher and higher wages in the indus-
trial sector to induce surplus labor to move. Using the

Function
Implicit, Theorem, we can then write

—

3} = 4D(Lrb ©) wheree¢3>é andcpﬁaz_gha.(15)
Equating (14) and (15) we have for equilibrium L
LY = -x) (K1)

/ o '
Or,{ofﬂc’%ﬁ*)}% oo K

Py
. T
or, (d4-%> %% = X -%?
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/11
where % = % s 1s the inverse of the elasticity of the

labor supply curve. For a rising L5 , With a positive inter-
cept, ZS is generally a variable. But for large L' and
small w , we can approximate it by a constant. To see this,

let

-]

Lo q;,([}) - (l_[)7 + . "] constant.

P LE [ , -

- Ny S 5

en éf) F ) I+ O 7 as LI_> 0.
(B

Taking “? as an approximation for % ,the labor market

equilibrium situation for industry can be written bs

A
WL k)
A e
B, LY o (1-TT (kDT cee (16).
From (4),
ool k)T en ™
TS
P ol ~1 ;{# ;{ﬁ_— 1=
- (&) {00 W)=
1 o,
= & ((—et)""7 (kr)%,
or, b = i = - (k) ™7 ee. (17).
o (1~x) =7
Hence 7 ) g
¥ =y

b2 b (™ [y ]

X (1-<) 57
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v . £
- T—o : (kl) 7 e (18)
X (1~a) =%y
Putting (16) in (13),
. IR s
f = kD [ (-0 kD7) T

1:;-(_ odgl-f-z)

= (1-o) &7 (Ki) o eee (19)

From (8) , using (1), (2) and (9) we get

KA 40'@4*"’"5;:]* (f—‘Jw)q,i*rLI*# (f—/%,)fkl

Q.

Substituting for w'If in terms of K equations (16) and

(18)) one gets

Q:f@lﬁﬁfg ~+  (1-4) ~
A = , f 1
K = "“‘\L YQ ) (20)
/Sﬁo' _,L,,‘)I_ +— /SFY
From egqn. (12) we have
o ILI -—[J A
K = . Y A, Wb s T Cee. (21

Since LL » P whand KA have all been solved in terms of
K I((16), (17), (18) and (20)), we can write the R.H.S.
of (21) in terms of K and K .In (20), replace K by

(K -~ k%) from (12). Then solve for K» in terms of K .
Substituting back in.(zo), we get K’ in terms of K and
all other variables in terms of K , as was required.(21)

is now a differential equation in X :
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o

: “_alg%) Bs (- a() 2;7 _ el "“f;@,ii’)
il e B L
Y U »z
+‘JFQCJ,) %ﬂ+rﬁ)
(1=40) (1-)
where C = = —— 4&) .f
wb
/Sw“a- +»5F,~l7'

r being a known function of time.

Simplifying , we have

1—
R A G ik

(n-m)'f%? |

A0-4) A b o.C B }
o & A
}‘f_‘(_c + ‘+1.C .-]— f’ e 9 @ (22)

We want to evaluate the expression inside the bracket, E.

b

g= Aeldd |, e dc+0‘/3l>
I+ |+v C

= o

= Ti?E [ B (1=%) + Apet § ""Cf%)w‘m’ + Q)‘Y‘/grﬂ

_ M [C!ﬂf’f)ﬂw+°"/5|>} _’_i 1=3,) (1 -=) + (I ).&),)J['

Ao b 4 ApRE

§ 3.5b 4+ spari |
(substituting for C).
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Cancelling terms in the B.HO_S. we get

|
E = |+vC

[led)&o + X B 4 () -3, + o((|_,5F)j :

(1-4) + ,

— — ——

[+rC [+~C ves{23)

To simplify further
(1-85) (=) + «(1-3,)
A, . wb + B ar

oL (B50b F85.ar) + ar [ (1-3,) (1—) + ot (1-2p)}

_' A (3, wh+ /SF_dx)
= o (/}w.wb 1—/3’3';4,\/) +4v(l S, At KA ol — O{/S‘L'.D

X (3w &b + Apax)
= XAy b + AT — A% By +XAVAD
(5o b+ Apar)

ar
|+ 4.

11

1 + »C

Using wb = 1 -ar, this gives

X Aoy (I—a¥) 4 ay —av A, 4+ Aarso

= B, yar(-8,) cee  (24)
X {8, (-ar) +apary .

Substituting (23) and (24) into (22) we get

1 + rC =

o (117) ot 1+7) L2, ffbcw+ 3,l—ar) *gf_:zz)
X By +ar (1=34) '

ees  (25)

This gives the equation for the grewth of total
capital K over time as function of the saving propenéities
of the two classes ( 8 o and SP ), the technological para-
meters of the two sectors ( a(t), b{t) and x¥) and the

institutionally given agricultural wage rate ( W, since
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[ — (o
r = —;ZJJ ). Note that the exponent of K is positive but less
oL (1 I+
than one ( *Lij) = '——JL < 1, for 7)>0 and 0 ¢ ¥ < 1)

w+ 7 [+£%

S0 that the rate of growth of capital is damped ( falls with
rising K ) unless ‘? = 0 ( infinitely elastic labor éupply),
where growth is exponential. ‘

The rate of growth of capital as given by (25) varies
directly with changes in the savings propensities of both wage
earners and capitalists. The expression ﬁithin brackets on the
R.H.S. of 925) can be rewritten as

A a0 + S, (1—ar)

= . s @ 2
A ax + As@-ar) (z6)

P

It is clear, since sP enters the expression fnly in the numera-—

tor, & rise in Sﬁ will raise the value of A and hence, the rate

of growth of capital. To study the effect of a rise in 5, on

A we note that
;M = L [faf+/sw(d~a*f')j(f—ﬂff)— {ﬁ,@vf‘ 30 (1-a} (H-ar)
Ao ’

z

( where D = &Y+ 3, (a-a9))

1]

%L [ v (1-avt) + S (1-av) (¢ ~ax) T (x~a) ~Sofa) @Mﬂ

%”% [O- q-r) _ (o(nc'o’)/gi,]

which is always positive for ug.spjav<1. Hence rise in workers'
savings propensity also raises the rate of growth but at a diff-

erent rate.
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To see the effect on K of an exogenous rige in r, note

that
“f@%“ﬁw)“””fﬂw} [
= 5 f Ly
A By 4+ av (158, ti ¢ C rom (24)
Also from (22), kAt = rC, so that
[ | K1 kit
l+vC |y KA1 KMkt K
Hence
I
‘“{(ﬁb—éw)af’+3£5 = ~E~ =Share of industrial capital

' I— 5
X B t+ar( o) in total capital.

If r rises ( given a and b , w falls) exogenously,
A _d_{ﬂ_l__.i _ ~ o&C
d< A¥ Lot (1470 {c%(l+rC)}L
A A
Y

Computing the expression for Ir this becomes

, which is < 0.

M L w50 - 0-9)]

where D stands for the denominator. It is clear that the sign

of this expression has to be negative for s g and « €

prowr
(0,1) and SP > 8 .
Thus any exogenous rise in r induces a fall in K/K

and in the overall gr rate of growth of capital. This is under-
standaﬁle,since a fall in the wage-rental ratio in the indus-
trial sector would induce a ghift towards less capital inten-
sive techniques, whereas the production function in the agri-
cultural sectory being of the L.I. type , there is no substi-
tution from capital there. This might help explain the relative

paucity of private capital in industry and why despite a pre-
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sumably high and rising rate of return on capital, private
investment seems to stay away from industry.

In conciusion, one result supposed to be
rather strange comes out easily from the model. It con-
cerns the response of food consumption in industry CI,
to the prlce of food, 1/p (Dixit, op. cit. ). Depending
on the sign of the elasticity of industrial LS , it can

go either way. For

=l LIRS

ACf (1280 (-0 dK’?
Hence Ir = [ : ;? +.(L—¢%)] Y. £y

oy L
Since P = L Py -(k{) )
x(l-et) XF7
(-0 = gt
al " :E - [ j “?d:'* K™ ?aﬂkf
ol (1-4) =57 / 2?:
dk%
so that sgn ( ) = f ( sgn (a+7)).

a3

For a backward sloping leabor supply curve,‘7 is less than
0.For a very perversely behaved Igschedule,q’can be less
than -1/x , where & is the elasticity of indﬁstrial
output with respect to capital. In such cases we shall
have the peculiar situation where industrial consumption
falls if price of machinery p goes up Or if price of

food, 1/p, falls.
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Distributive shares, savings propensities and the Cobb-

Douglas production function.

Discussion of standard two sector models
‘usually do not include those on distributive shares in the
two sectors. In a dual economy model, this can be a tricky
problem, esmpecially since agricultural wages are assumed
to be institutionally given. A model with (a) neo-classi-
cal production functions in both the sectors, (b) perfect
capital market with éhiftable capital between the two
sectors and (c) unlimited labor supply to industry at a
given wage rate, can generate non-zero labor share only
because of a forced positive w. In fact Jorgenson (2)
avhids the problem of distributive shares in agriculture
because his model has no capital in the agricultural
production function. The question comes into sharp
focus when one uses a Leontief type production function
for the agricultural sector. It can be shown that in the
general model we have solved above, if we impose the
standard assumption regarding savings behavior of the

i A I

. A . '
two economic classes ( s, =s8,=0, and s, = 5,

or if the share of capital in the two sectors are equal

=1),

(see below), distributiﬁe shares in the industrial

sector get frozen, so that the only productibn func-
~ tiom for this sector that is consistent with the rest
of .the model is Cobb-Douglas. However, no constraint

ig imposed on the form of theindustrial production
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function in the model presented above when savings out
of wage income are non-zero and capital share in the two
sectors are apriori unconstrained. In a model like this,
agricultural wage earmners would include tenant farmers,
as well as self-employed cultivators, and in general s
will be strict ly positive. Empirical evidence to this
effeﬁt can be found in (3) cited above.

To see this, and the conditions for resource
transfer between sectors, let us considerthe behavior

of agricultural savings.

3A= &JELQ +/%1KA

A
- ( 5., Lo_b,i +/3Pr) K’ (1)
From p. above,
fat r . yC
K" =K ~K" = T2 K

Substituting in (i),

_ ¢
s? = (4 ‘%Arx},.v)(ﬂ—fz)K (1)

Agricultural investment

A A
. pK - ( L+11: ) K

) L7 ] o

- substituting from (19), (24) and (25).

il

]

Hence surplus savings in agriculture is
SA - 1# = &, vC 1_’ by (d-av) (iv)
(-] o
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Therefore,

SA%§ IA according as c#%é ar = 1 Wb vk m L)
In addition,
A
s =17 ir &%= 0 eeu(D)

From (a), iffshare of capital in industry is greater than

that in agriculture, there is surplus for transfer to
industry from agriculture. The lower the institutionally
fixed‘ﬁ, the higher is the share of agricultural capital,

and the smaller is the sHuvplus savings transfereed to
industry, given b. For low enough w, there may even be a drai
drain of savings from industry to agriculture. One policy
implication of this might be a stiff rate of taxation on
rental income in agriculture. If, however, either ar =

and/or s, = 0, then savings equal investments in the two

W

sectors separately. Hence the following equations hold as

well \ )
kA = Aw @ be + AK #
: 7 I I for s Us v v LT3
& pKI = Ac& wlLl -+ /SF 3”( £y
and pkP= o v k7
P B fOI" S],\j = O. ..(vi)
- A v Kb
& pK = F
From (12) above we have,
1'K 1°kI
Tl & —
F& ‘gm'%-l?' KA—+ A& +/SP K +/5/, Ykl
N — 4
Or"j K'I —_ t (%] ’ for Sw?{ O"(Vii)

k8 0%“”»)'*(4‘@ﬁ78)K/?
and,
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. l £ =0 (viii)
P8I Ap O+ k’*/g}) or s, —_—

ir s, =0 K/kh= K= K/k

KA/Kl is constant, and hence, from (viii),rKI/pQIis gso too,

]

'% *Ap (from (vi)), so that

If s,,# 0, but respective factor shares are

. T
equal in the two sectors, then wb/ar = w L' /rK, and from(v)

-~ [F) (% B2+ 5p)

P

and ——E‘j; » (1,’:’) (Aw-%%“[; +/5!>>

and the two are again equal, so that KA/KI is a constant,
and from (vii) PKI/pQ} si again a constant.Note that this
is not true if sﬁ'% s5). In either of these two cases, the
only production functién for the industrial sector that is
consistent with the rest of the model is the Cobb=Douglas.
The von Neumann balanced growth path for dual economies

needs agsumptions we may not be prepared to make.

One last point should be mentioned, If
indeed the industrial production function is Cobb-Dougias
and the agricultural one has fixed coefficients, and
S # 0, then one should not , at the same time, postulate
an exogenously fixed wage ( and hence profit ) rate in
agriculture along with competitive and ghiftable capital
between sectors. For then the total maxingz shares of
of labor and capital in G.N.P. get frozen and workers'

savings enter into the supply of savings. Then the



L
equilibrium rate of interest on capital will be determined
by the joint supply of savings of workers and capitalists
matched against the demand for capital and hence we can
no longer agsume a rate of interest fixed from agriculture.
In short, for each choice of K?Lfratio in industry, the

total labor income will change since labor transferred

from agriculture earns a different wage rate., Hence, unless
the factor shares are egual in the two sectors ( the

second case we studied) with s # 0, ghanging X/L in
industry changes total savings and hence equilibrium
investment and profits. This is what does not come out

when sw is assumed to be zero.
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Anpendix = Iy

This appendix is concerned with some regularity
conditions regarding productivity movements over time. Since
we are estimating time functions a(t) and b(t) which equal
the two input requirements per unit of output, what is the
guarantee that we shall not encounter a situation which
would seem to be ruled out a priori, vizs, both rising ? In

“other words, what if the function predicts both productivities
to fall over time ? Tt would imply that in period i ; the
© farmer combines two inputs in a way inferior to that of
period 0, and that he does not stay put with the better tech-
nique. If he is at P in one period, he can move to guadrants
II, III and IV, but not to I
T (including the boundaries).

E
Any movement to II and IV

R\\ .
k// would seem to indicate im.
T rt\xglgf( provement in the use of one

of the two inputs, and that

is admissibles, Also if he gets
to a point like &, then he should stay below the line PG in
subgequent periods.

Before turning to an examination of the proposition,
first we tried to find out whether such a situation did actus
ally happen.' The answer is almost nowhere, It would have been
nice to plot the peints, but it would have been a cumbrous
and laborous job for 50 obgervations and 2 variables for India

and Taiwan combined with about 5 equations for each, and
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ghastly for Japan, with 63 observations and 3 variables., So
we first decided to check what kind of input/output ratios
were implied in the regressions., All the tables are
attached herewith. In the case of Japan, the variables are
moving on a plane and two input coefficients can rise as
long as the third is falling.' One can slide along the face
e of the ABC plane towards the base
line AB on the (X ,Kz) plane and

1
\ still satisfy the condition of not

X
\Li//:>> z doing worse than previous periods

For a guaranteed ‘better! perfor-

& mance, however, one has to move
along a surface that is concave to the origin,

However, this is not all the defense of the Pro=
duction function and we should sound a caution against app-
lying restrictions which seem Tevident?!; but only so under-
assumptions which may not be applicable here, Indeed if a
rise in input requirements of both the factors were a dige
aster for the model, one way out would be to devise an
algorithm by which the input combination chosen in a partie
cular period cannot lie above the envelop of linear combie-
nations of technigues chosen in all previous periods. Of
course, if both input requirements are falling, new techniw
ques will always lie below that envelop, and the constraint

will never be operative. But then here we are concerned with



~Oli—

primitive agriculture over anywhere between 15 to 60 years,and
the only significant changes that occurred over such vast time
spans are the introduction of the two leading inputs - irrigams
tion and fertilizers.If one specifies 2 neow~classical timeless
production function with positive firs% and negative second
partial derivatives, very little would be asked, There is no
provision in traditional neow-classical theory for increasing
returns to inputs. But in our model, we submit, we have the
only case where one could probably talk about historical dimi-
nighing returns and for a valid reason - the gtatic nature of
the economic system involved until machinery appears in any
large scale ( note the bad performance of the L.I. function

for Dillon County).We would argue that until that happens, a(t)
and b(t) functions are picking up, apart from technical pro-
gress,whatever that means, this phenomenon of historical varige
tions of returns to inputs. Inso doing, we wohd at least have
the support of Ricardo and other classical economists who were
concerned with such phenomena.We submit that it wauld be worthe
while to take note of this basis institutional difference be-
tween modern and traditional agriculture rather than introduce
additional constraints in the model which might make it conform
to a different economic system, in time or place. Also, tradi-
tional agriculture, unlike modern agriculture or industry, is
largely conditioned by exogenous factors. Imposing any kind of
monotonicity of production techniques would automa.tically rule

out the effect of such factors.



Lastly, falling productivity for even one factor in
isolation need not necessarll¥ be interpreted as forgetting
of technology. There may be factors not recorded in the model
that render an old technique inaccessible = like decline in
the fertility of land for instance. Once again, this suggests
something akin to the negativity of second partial derivative

of neow~classical production functionse
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Table I=1

: Japan

Inverse Productivity

Coefficients

Eguation II 1-3%

a
2.497

2.369
2.245
2.123
2.004
1.888
.1-775
1,665
1.557
T.453
1.551
1.253
1,157
1.064
0.974
0.887
0.803
0.722
0.643
0.568
0.495
0.425
0.358

b
. 367

. 380

o O O

. 302
105
417
428
L0
451
462
U753
< B3k
494
. 584
Ol
.523
« Do
. 5ld
550
. 558
0.566
0.574
0.582
0.589

OOOOOQOOOOOOOOQO

Cc

-Oo
"Oo
-'Ol

003

002
002

.002

02
.002

-001
<1 -
.001
. 001
.001
. 001
.000
. 000
.000
.000
.000
.000
.000
.000
.000
.000

.000

Eouation IT 1-10

a
0.003

0.003
0.003
0.003
0.002
0.002
0.002
0.002
0.002
0.00%
0.001

0.001"

0.001
0.001
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0,000

b
1.288

1,244
1.199
1.156
LP13
1.071

1.030

- 0.989

0.949
0.910
0.871
0.833
0.795
0.760
0.724
0.889
0. 651
0.621
0.588
0.588
0.52L
0.493
0.L63

c

=0,
-'Oo

-0
-0

-0,
-0.
o,
-0.
=-0.

-0

061
059

057

-055
-0.

053
051
0L9
Q47
0L5
043

.0L1
039
.038
.036
034
.032
.031
.029
.027
.026
024
.023



Table I-1 Japen

0.294
0.23%
0.175
0.120
0.067
0.018
-0.028
-0,072
~0.112
-0.150
-0,186
~0.218
~0.247
~0.273
-0.297
-0.318
~0.335
~0.350
-0, 362
~0.371
~0.377
=0.38%
-0.381
=0. 579

0.596
0.603
0.610
0.616
0.622
0.628
0.63L
0.639
0,64k
0.6L9
0.653
-.658
0.662
0.665
0.669
0.672
0.675
0.678
0.680
0.682
0.684
0.686
0.687
0.689

s L
Contd,

0.000
0.001

0.001

0.001

0.001

0.001

0.001

0.002
0.002
0.002
0.002
¢,002
0.002
0.002
0.002
0.003
0.003
0.000
0.003
0.003
0.003%
0.003
0.003
0.004

-0.000
-0.000
-0.000
~0.000
-0.000
-0.000
-0.000
-0,000
-0.000
~0 000
-0.000
-0.000
-0.000
-0.000
~0.000
-0.000
~-0.000
-0.000
-0.000
~-0.000

-0.000

0,000

0.000"

0.433
0.40L
0.376
0.349
0.322
0.296
0.270
0.246
0.222
0.198
0.176
0.15L
0135
o1 12
0.092
0.073
F.055
0.037
.020
0.003
-0.011
-0.026
~0.041
-0.054

-0.020
-0.018
~0.017
~-0.015
-0.014
-0.013
-0.011
-0.010
-0.009
-0.,007
-0.006
~0,005
-0.004
-0.003
-0.002
-0.001
~-0.000
0.000
0.001
0.002
0.003
0.004
0.005
0.006
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Table I.2:Inverse Productivity Coefficients:

Taivwan
Equation I1.2-2 Equation II.2-5
0.459 0.835 0.499 1.128
0.427 0.789 0.462 1.067
0.396 0.745 0.425  1.009
0.367 0702 0.392 0.952
0.339 0.660 0.357 0.897
0.312 0.619 0.326  0.844
02817 0.580 0.295 0.792
0.263 0.542 0.266 0.742
0.241 0.506 0.238 0.693
0.220 0.470 0.212 0.646 °
0.200 0.436 0.187 0.601
0.182 0.403 0.164 0.557
0.165 0.372 | 0. 141 0.516
0.150 1 0.342 B.121 0.475
0.136 0.313 0.101 0.437
0.123 0.285 0.084 0.400
0.112 0.259 0.067 0.365
0.102° 0.23L 0.052 0,351
0.094 { U.211 0.038 0.299
0.087 ' 0.188 0.026 0.269
0.081 0.167 0.015 0.240
0.077 0.147 0.006 0.213
0.074 _ 0.129 ~3.002 0.188

0.073 0«112 -0.008 J.165



Bouation IT.2-2

Table 1=2 :

0.073
0,074
0.077
0.081
Q087
0.094
0.102
112
0.123
0.136
0.150
(3. 165
0.182
0.200
s s |

;\_.).

O.

<

O.
Q.
0.
Oe
0.
O.

096

081

.068
056
).0L6
U036
.021
016

012
009
007
007
008
011

=99~

Taiwan - contd.

EBquation Il 2-5

-0.01L
-0.018
-0.020
~-0.021
-0.021
-0.01%
-0.016
-0.012
~0.006
Q4001
0.009
0.020
0.031
0.044
0.058

0.143
0.122
0. 104
0.087
0,071
0.058
0.0u4é
0.035
0.027
0.020
0.014
0.011
0.009

0.0038

0.010
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Table I.3: Invérse Productivity
Coefficients:Kakrapar Project

Equatien II,3-1 Touation IT.3%-%3
0.3 2.08 0.27 2.43
0.28 1.90 0.25 3.25
0.25 1.75 0.22 2.06
0.23" 1.63 | 0.20 1.93
0.21 1.55 0.18 1.85
0.19 1,51 0.17 1.82
017 1.51 0.16 1.83
0.15 1.5 0.16 1.90
0.14 1.61 0.16 2.01
0.13 9,72 0.16 2,17
0.12 1.86 0.16 2.38
0.11 2.04 0.17 2.65"
0.11 2.26 0.19  2.96

0.10 . 2451 0.20 53¢
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Appendix IT-1

Variable names : Japan.

(Unless otherwisestated, the source of reference is 'Estimate
of Long-Term Economic Statistics of Japmen Since 1868!'(LESJ)
Vol.IX, published by the Hitotsubashi University ).

FVEP : Farm value of rice production s in millions of yens
(Table 3, col. 1, pp.150-1).

FVTA : Farm value of total agrécultural production, millions
of yen. Table 3, col.l4, pp.150-1.

FVCI : Farm value of current inputs, millions yen. Table 16,
e0l.13, pPp.186-7,

TPRJ : Total production of rice in Japan,millions of koku.
( Paddy and upland rice combined. 1.2 koku = 2.3
metric tons ). Table 12, col. 1 ,pp.166-~9.

IAP1 : Index of agricultural prices ( all commodities ) -
base 1904-6. Table 7, col.13, pp.158-9.

IAP2 : Index of agricultural prices (all commodities ) -

| base : 1934~6. Table 8, col. 13, pp.160-1,

IFP1 Index of fertiliser prices - base : 1934-6. Table

18, col. 6, pp.192-3.

UVNF : Unit value of nitrogen content in fertilizers in
thousand yens per metric ton. Table 23, col. 1s
pPp.202=3. ( Reported series starts from the year
1883. Figures for the years 1878-82 are estimates

based on later trend).



UVPF

UVPH

INNF

~-102~

: Unit value of potash content in fertilizers in

se

INPH :

INPF

TIPT

PFAJ

CGRW

oo

thousands of yen per metric ton., Table 25, col.l,
pp.206-7. Data for the years 1878 to 1882 are
estimates.

Unit value of phosphate content in fertilizers in
thogand yen per metric ton. Table 24, col.l.

pp. 204~5, Data for the years 1878 to 1882 are
estimates.

Input of nitrogen content in fertilizers in thou=-
sands of metric tons of N. Table 20, col. 1 ,

pp, 196-7.

Input of phosphate content in fertilizers, in thou
sands of metric tons of PO . Table 21, co. 1 ,
pps 198-99. 2

Input of potash content in fertilizers, in thou-
gsands of metric tons of K 0. Table 22, col. 1,

pp. 200~1. :

Price index of tools and implements , base : 1934
36 (agriculture). Table 31, col.3, p.215.

Paddy field area for all Japan, in hundreds of ch;
Table 32, col. 10, pp.216-7.

: Central government riparian works - a part of

iPublic Works! - in thousands of yen (Rosovsky,
VII-1,IIC). Data from the year 1878 to 1889 are

projected on the basis of total expenditure on



LGRW

LGAE

DWMA

YWMA

RPFT

SWiz

SW27
SW3Z
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harbor and riparian construction ; two~thirds of
this total is taken to be on ripariaﬁ work alone.
Data for the years 1890~1940 are taken from Ro-—
sovsky. All figures are in current prices.

Local government riparian works - a part of !Pub-
lic Works! - in thousands of current yen.Rosovsky

- Table VII-2, col. IIC, pp.171,174.

: Local government agricultural expenditure (mainly

irrigation), in thousands of current yen.Rosovsky

- Table VII-2, col. IIT, pp.172,175.

: Daily wage rate of male contract workers in agri-

ew

ao

culture in yens per day. Data for the years 1878
to 1885 and 1889-91 are estimates. Table 34,
col. 3, pp.220-1,

Yearly wage rate of male agricultural workers in
yens., Table 34, col. 1, pp.220-1.

Rent of baddy field per 'tan' in yens. Table 34,
col. 12, pp.220-1, Data for the years 1878-84,
1886-88, 1890-97 and 1899-1902 are estimates.

: Substitute water rate obtained by assuming that

SWwhz

the average life span of riparian works (M) is

10 years and the rate of interest is 4% per yr.

Same as above, with M = 15, r/i = 4%,
" y With M = 20, r/i = 4%,
" , wWith M = 10, »/1i = 8%.



SW52
SW6Z
SW72
SW8Z
SWoZ
PFS 32

RPFTZ

PRE 3BT

PFS37ZQ

LPFS 32

a(t)
b(t)
c(t)

6o

e

-1 04~

" , with M = 15, »/i = 8%.
" , with M = 20, »/i = 8%.
" , with M = 10, r/i = 12%.
" , with M = 15, r/i = 12%.
" , with M = 20, r/i = 12%.

. Price of fertilizer, series 3, as explained in

the text.

Rent of paddy field per ‘tan' in yens.The letter
7 at the end of a variable name indicates that
the variable has been expressed in terms of 1904
-6 prices.

PFS3Z x TIME. A variable name ending in ITY indi-
cates that it has been multiplied by time.

PFS37Z x (TIME)Z. A variable name ending with a
iQ! indicates that it has been multiplied by the
square of the corresponding time period.
Log(PF33Z). A variable starting with I.¥ is the
logarithmic transformation of the variable de=
fined by the following characters.

Coefficient of PFS3Z, quadratic in time.
Coefficient of SWiZ (i=1,..,9),quadratic in time.

Coefficient of RPFTZ : quadratic in time.
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Table I1 1,12

€1)

: HRegression Results for Japan

!

Explanatory Variables

Egn. Subst, Dependent
No, Water Variable 2 -
Rate R F-gtatistics D-W t* for t* for t* for
Index (3% min a{t) min b{t) max c{(t)
i, Constant PFS832 PFS32% PF837%0 3WiZ SWiZt SWiZe RPFTZ RPFTZT RPFTZQ =af t*) = b t*} = el(t®),
v (43
(2 (5> -

I1.1-1 1 CPRK . 2.3080% 0.0048*% =0,0002% @,00001% 1.3060 =-0,0427 0,0008 =0.0751*% 0.0029 =0, 0001 .63 10,18 2,34 37 63 52
(23.5) (2.53) (-4.17) (3.35) (2,11} (-1.09) (1.02) (-1.78) (1.48) (-1.11) .

11,1-2 2 ad 2,4314% 0.,2041% =~0,0003% 0,00001*% 2,1393 <0.0710 0.9005 =0,3811 0.0019 =0,30001 .64 10.63 2,39 36 71 80
{22,587 {2,13) {=3.04) (3.53) 1.54) (=1,53) (1,46} (=1.43% (-~0.98) {=0.46)

I1,1-3 3 L 2.3502% 0.,0052% =0,0003% 0.000004% 2,4086 =-0,0806 0.0006 ~0.,0741 0.0028 =0,00002 .64 10.24 2,39 40 61 58
£22,95) (2,74} (-4,97) (3.63} (1,10 (=1.12) (1.13)y ¢{-1.54) (1.16} (0,.79)

I1,1=-4 4 o 2.3991% 0.,0047% «,00020% 0,000004% 1,2084% .0,0424 0.9003 -0.9743*% 0,0029 =0 .00003 ,63 10.12 2,37 .36 63 55
(23.23} (2051} (“49 18) €3037} (lv{)&)r (“"1.02) ( 0096) ("1071) (1047) ("'ll l'-j) :

11,1=5 5 " 2,3465% 0,0042% =0,0003% 0,000004% 1,3343 ~0,0458 0.,0003 =0.063 7.0022 ~-0,00002 ,64 10,44 2,36 34 64 76
(21,797 (2.20} (=3.74y {3.42) 2,19}  (~1.28) (1.13y (-1.54% (1,08} {=0.82)

I1,.1=-5 6 " 2.4325% 0.,0054% ~0,0003% 0.000004% 2,4932 =0,0834 0.0006 =0.0767 (.0029 =0, 0002 .63 10.20 2.39 41 6l 56
(21985) (2094) ("'5.16) . (30 47) (Owg4} (-0093) (0095) (“1.54) (1.173 (“0.82) ;

11.1-7 7 " 2.4123%  0,0047% ~-0,0004% 0.00003*% 1,3881 -0.0456 0.0004 =0,0756% 0.,0020  -0.00003 .63 10.15 2,37 "3 63 56
c22068) (2.50) (""4. 21) (3038? (1.38) ("]-'O?} (1001} ("1-82} (1052) ("1@13)

17,1-8 8 L 2,4460% 0.0030% =0,0003% 3,00001% 2,0699 =0,071L% -0,0005 #0.05677 ©.3017 . =0,00001 .65 10,76 2.39 34 64 88
(20.98} (2,073 (-3.78) (3,47 (1,63 (-1.85) (1.57) «(-1.42) (0,88} (=0,31)

11,19 9 " 2,4001% 0.052% =0,0003% 0,000003 0.8523 =0,3587 0.9005 =0,0858% 0.0036 -0,00004 ,63 19,15 2.29 29. 52 51
{21,586} (3,02 (-4,84y (3,08} €0.27) (=-0.33y (0,393 (-1.66% (1,386) (~1.05% 5

(1) Number of observations = 63

(2) For explanation of all variable names, cf. p.

(3) F-statistic is given for (8,53) d.f.. I for all equations is significant at 29%.

(4) For explanation of a(t), b(t) and c(t), cf. p.

(5) The figures within brackets are respective t-values; * indicates szignifican&e at 95%, and

, that at 90% levels respectively.
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(1)
Table Il. 1l.1b : Regression Results for Japan {contd.).
PP, 2
Equation Dependent Explanatory Variables R F-gtatistic, DeW
Number Variable . Constant PF33% PrFg32T PFS3ZQ SWRIZ SWRIZT SWRII) RPFTZ RPFTZT  RPFTZQ TIPIZ TIPIZT TIPIZQ  YWMAZ YWMAZT YWMAZQ
11,1-10 CPRE 2.2602% =0,0013 -=0,9201 0.00003% 00,9521 =.035L .0002 | D003%¥ 00006 =,000005 +63 10.18 2.33
(13.39) (-0.’?63 (-1.06) (1,96} (1,22) (=94 (g.745 (1,703 (.10} (.0.95)
I1.1-11 " 2.2818* 0,0046% =0.,0003* 0.000004 . =0.2036%,0093% =,0001% | 0.0162 -,0005 ,000005 ,62 9.78 2.51
: (21 .04y (2.67) (-5,35) (3.03) (~1.85) (1,91) (-1,75) (0.84) (-,60) (,44)
I1.1~-12 b 2.8589 % ' 2.6788% =,1319% 0,0014% =0,3542% ,0132% -,0013% -30033 00,2002 ,.000001 LS8 8.24 2.13
(18.17) (3.90) (~4.45) (4.35) (=3.47) (2.613 (=-2.02)
11.1-13 " 2,4829% 1.1620 =.D441 0.0004 =,2807% ,0125% ,00013% .65 11.33 2.43
(17.20) (1051} ("10].9) (9-88) (2089} (3 071) ("4.53)
(1) Cf, notes to Table II,1.la above,
(1)
Table II lc : Regression Results for Japan (contd) s
2 E
Equation Dependent Explanatory Variables R F - Statistic D-w
Number Variable Constant LPF332 LSWRIZ LYWMAZ LPRJ TIME -—
¥1.1-14 LCPRK 1.7651% =0, 259 3% ~0,0720 0,1208% '0.,2005 +26 5,17 1,36
' ‘6 084) ("'3.63} (-2.{37) (1'84) (0.21) (4058)
11 ® 1-15 " ; 3 p4550* -0.2306* -0. 0757* 0.1358 * -03 5363:B 000058 *® e 43 )107o 56 o 86
(8.45) (-3,80) (-2.58) (2.44) (-4,89) (2.51} _f1£.5,57)

(1} Cf, notes to Table Il.1l.la
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Table II,1-2 : JAPAN.
YEAR FVRP FVTA FVCI TPRJ IAP1  IAP2  UVNF
1878 Lol 720 251.5 32,8 U46.5.. 28.6 -
1879 455 773 266.2  35.2 60.2  35.8 ...
1880 447 792  255,9 34.6  69.8 39.9  c..
1881 433 771 272.1 33.5 75.1 bbb ..
1882 433 791 274.9  33.5 62.7 37.0 ...
1883 438 787 274.0 33.9 48.1  29.1 473
1884 423 792 273.3 32.7 42.2 25.5 384
1885 473 8L8  26L.6 36.6 48,0 28,0 421
1886 501 896 262.2 38,8 46.0 28,5 438
1887 534 o43 262.9 41.3 42.8 26.9 536
1888 510 923 265.1  39.5 AhO.4 24,7 593
1889 429 839 264.5 33.2 45,9 27.6 586
1890 557 978 267.0 A3.1 59.8 BL. L 668
1891 493 941 275.4 38.2 53.8 32.0 632
1892 535 972 275.0 41,4 55,4 33,1 641
1893 bLB1 935 283.6 37.3 56,7 33.9 659
1894 541 1025 285.7 41.9 63.6  37.4 636
1895 516 1025 284,8 40.0 64.0 37.9 605
1896 468 937 288.6 36.2 68.4  40.4 717
1897  h27 924 296.3 33.0 80.9 46,7 724
1898 612 1133 297.1 47.4  95.4 53,5 845
1899 513 1044 303.6 39.7 81.9 47.8 812
1900 536 1102 310.9 41.5 85.8 49.8 765
1901 606 1174 317.8  46.9 81.1 47.1 680
1902 477 1016 324.0 36.9 88.3 50.8 650



YEAR  FVRP
1903 600
1904 664
1905  h93
1906 598
1907 634
1908 671
1909 677
1910 602
1911 668
1912 649
1913 649
1914 737
1915 723
1916 755
1917 707
1918 707
1919 787
1920 817
1921 713
1922 784
1923 716
192k 39
1925 771

FVTA

1166
1250
1063
1202
1291
1328
1337
1282
1391
1393
1422
1513
1526
1620
1584
1573
1696
1695
1580
1640
1578
1628
1762
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FVCI  TPRJ IAP1
330.4  46.5 100.2
322.5 51.4 97.1
318.7  38.2 98.5
321.6 46.3 104,k
343.5  49.1  115.6
364.2  51.9 110.3
385.8  52.4 98 L
394.5 46.6 100.1
h22.2  51.7 123.2
b21.1  50.2  143.6
hs1.2  50.3 142.6
438.4  57.0 102.3
431.9  55.9 96.5
Lh1.9 58,5 109.6
L63.4 546 154.9
h76.3 54,7  240.3
531.7 60.8 331.2
496.5 63.2 262.6
bo1.7  55.2  253.3
496.8  60.7 213.7
537.9  55.4  236.4
5392  57.2 265.9
549.5  59.7 260.3

TAPZ UVNE
57.2 727
54.8 885
56.9 855
60.6 791
67.2 818
62.7 706
56.9 627
574 705
68.5 728
78.2 791
78.4 778
59.5 738
55,8 677
64.0 789
88.8 1035
133.0 1303
182.0 1544
145.6 1540
143.3 982
127.8 1036
138.5 1054
148.5 1076
148,8 1180
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YEAR  FVRP FVTA  FVCI

1926 718 1696  596.2
1927 802 1807  592.2
1928 779 1801 61245
1929 769 1833  638.1
1930 864 1970  616.4
1931 713 1763 65611
1932 780 1838  612.7
1933 915 2072  608.3
1934 670 1752 6L49.1
1935 742 1833  66h.1
1936 870 1985  729.1
1937 857 2019  716.1
1938 851 1946 767.1
1939 892 2096  768.9
1940 786 1964  704,.6

TPRJ  IAP1
55.6 236.0
62.1  207.6
60.3  20L.2
59.6 2014
66.9 133.0
55.2  123.5
60.4  141.9
70.8  151.6
51.8  174.5
57.5  187.6
67.2 196.5
66.3 218.9
65.9 - 235.1
69.0 311.5
60.9  340.4

IAP2 UVNE
134.1 971
1%7.3 824
115:.6 817
124.3 768
75.3 5h2
69.3 Lo2
77.8 L59
355 534
92.2 530
101.0 599
106.8 565
118.0 602
126.8 603
171.8 e
190.2 693.



LEAR
1878
1879
1880
1881
1882
1883
1884
1885
1886
1887
1888
1889
1890
1891
1892
1893
1894
1895
1896
1897
1898
1899
1900
1901
1902

UVPH  UVEF
135 137
110 113
120 123
125 128
152 151
167 160
166 162
188 182
179 177
182 179
186 186
181 187
173 183
205 213
207 218
238 252
228 239
225 220
201 192
176 187
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INNF INPH INPF IFP1  TIPT
23.9 15.9 18.8 72.8  43.9
28,2 19.9 18.7 94.7  Lb.8
275 19.1  19.1 125.1 42,1
27.0 18.8 18.9 122.8 L2.4
23.4 16.5 18.9 95.2 40,8
23,4 16.6 18.8 71.2 L40.1
29.1 18.7 19.0 57.9 4.1
24,7 15.8 18.7 63.4  32.1
254 16.7 19.1 $56.0 29.9
23,0 17.1  19.1 80.4  36.1
24 .1 16,6 19.3 88.8 41,0
23.1 16,1 19.2 87.8  138.4
23.9 15,8 19.1 99.9  39.5
26.5 18.0 19.7 94.8 38,0
2L .7 17.3 19.6 96.2  36.6
28.8 20.6 19.6 98.8 37.2
29.8 18,7 19.8 95.8  36.9
30.0 19.3 20.0 91.4  40.7
29.6 19.5 19.8 108.2 43.5
30.4 21.4  19.9 109.3 46.5
2748 22.5 19.6 127.2 46,1
30.8 26.6 20.2 122.3 52.5
37.9 25.4 21,7 115.7 L45.1
43,7 30.4  23.0 102.8 L46.8
49.9 26,8 24,8 97.0 L47.5
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IFP1

YEAR UVPH  UVPF INNF INPH  INPF

1903 197 207 51.0 W,5 24,1 108.4
1904 225 258 38.4 Lh,2  21.9 130.9
1905 243 232 50.9  44.8 24,9 128.0
1906 239 276 5467 51.4  25.6 122.0
1907 227 247 69.2 68.2 27.6 123.0
1908 192 223  80.5 65.2 30.7 106.2
1909 176 196 96.5 82.9 40,3 oL.7
1910 188 225 92.5 8.3 38.9 105.8
1911 179 208 105,1 96.8 Lh.7 107.0
1912 168 200 107.4 99.7 44,9 112.9
1913 164 193 135.4 120.9 52.3 110.8
1914 187 228 125.1 1124 49.2 119.6
1915 163 175 121.1  91.0 47.2 98.5
1916 176 172 1244 95,5 47.3  112.3
1917 203 202 147.9 104.9 52.2  143.9
1918 258 256 167.7 115.6 59.0 181.5
1919 410 456 218.8 152.1 69.9 230.1
1920 678 859 187.6 128.3 58.2 268.6
1921 312 392 177.1 130.5 60.8 154.8
1922 300 L5 177.1  129.5 61.1  161.9
1923 306 358 212,8 137.5 66.4  161,2
1924 343 396 200.4  147.7 69.3 168.4
1925 340 364 20k.2  157.7 75.3 178.8

TIPI
50.3
53.1
57.0
58.7
63.9
60.8
5840
58.7
60.8
6,7
6.7
61.9
62.6
75.6
9L, 9
124 4
152.6
167.7
129.7
126.6
129.0
133.6
130.5
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YEAR UVPH UVPE INNF INPH INPF IFP1 TIPL

1926 327 384 259.1  183.7 82.3 154.5 115.7
1927 299 368 250.5 207.0 85.5 134.6 110.1
1928 286 357 262.9 207.9 91.3 132,22 110.7
1929 276 352 281.1  218.3 100.4 125.6 107.6

1930 253 b9  271.9 210.8 101.5 97.6  88.6
1931 208 320 300.7  197.4  90.5 76.5  74.9
1932 237 420  263.8 210.2 70.1  89.4  83.0
1933 214 B2 252.3  214.7  7h.7  96.8  9L4.9
1934 223 362  271.9  213.4  93.6 94.1  97.0
1935 242 357 290.6 233.1 108.0 103.4  99.5
1936 253 408  363.0 262.3 107.3 102.5 103.7
1937 365 uh1  305,8 270.0 140.8 117.8 125.7
1938 472 b8  382.5  230.9 153.9 128.7 132.5
1939 503 629  361.1 265.8 141.3 156.6 146.6
1940 508 864  359.3 252.1 90.2 157.0 164.2



YEAR
1878
1879
1880
1881
1882
1883
1884
1885
1886
1887
1888
1889
1890
1891
1892
1893
1894
1895
1896
1897
1898
1899
1900
1901
1902

PFAJ
26984
27206
27398
27428
27116
27541
27559
27620
27663
27766
27857
27895
27950
28006
28024
28060
28074
28137
28144
28171
28263
28336
28411
28489
28500
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DWMA  YWMA RPFT CGRW LORW  LCAE
681:5 1895
889. 1989
319 3087
355 2510
685 3681
771 2980
840 3132
4.86 1083 3730
0.15 503 3058
0.15 Qe 3276
0.14 22 901 3166
7. 52 965 5725
8 87L 5845
675 6213
D2l 232 1253 5455
0.25 779 6817
0.25 34 540 7168
0.28 37 826 5753
0.34 41 1230 11067
0.40 52 3954 14960
0.34 59 2847 11970
0.37 53 9.92 2967 12163
0.36 56 2220 9757 1725
0.36 53 2921 7064 1648
0.40 57 3318 774 1552



YEAR PFAJ DWMA  YWMA
1903 28576  0.42 63
1904 28643  0.38 60
1905 28711  0.38 60
1906 28823  0.41 66
1907 28911 0.4k 71
1908 29071  0.45 76
1909 29278  0.b41 69
1910 29409  0.42 75
1911 29548  0.50 82
1912 29702 0.56 L
1913 29817 0.59 91
1914 29917  0.51 77
1915 30045  0.49 75
1916 30180  0.52 8l
1917 30338 0.65 102
1918 30421  0.01 141
1919 30494 1.63 222
1920 30665 1,64 221
1921 30318 1,57 224
1922 30914 1.51 223
1923 31052  1.47 227
1924 31154 1,42 230
1925 31285 1.44 232

=114

RPET CGRUW
13.54 1798
1256 1048
11.47 1076
13.41 1673
15.32 3349
14.63 L6lo
11.96 3986
12.40 6671
16.85 9207
20.23 18798
20.36 10530
13.27 10667
12.98 7319
14.65 6790
20.94 6938
34,94 13718
50.11 19551
39.38 36888
38.48 31543
27.81 33989
33.35 31321
38.96 21676
35.59 16754

LGBW  LGAE
10680 1833

7267  1h32

7088 1816

8124 1898
12605 2408
15704 2484
11677 2525
16676 2819
26024 3197
12590 3719
14517 4119
18435  L582
18052 3398
11843 3000
11240 3967
18753 4769
22765 6284
35720 8826
41020 8702
36441 13218
36325 17833
37705 17040
34217 20570



YEAR
1926
1927
1928
1929
1930
1931
1932
1933
1934
1935
1936
1937
1938
1939
1940
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CGRW

PEAJ DWMA  YWMA  BPFT LGRW  LGAE
31390 1.36 230 32.60 21672 40560 24099
31575 1.43 228  27.22 22496 43276 31498
31749 1.39 193  25.94 24405 41280 30884
31900 1.31 205 25.49 17434 ° 35125 23137
32019 1.12 174 16,01 22092 26526 22329
32095 0.89 142 16,01 14247 30880 20359
22193 0.78 129 19.20 34935 38640 21758
32233 0.81 132° 19.19  L4Ls4? 57102 23179
32200 0.81 138 25.58 32771 40122 23478
32176 0.86 145 26.33 27288 51163
32156 0.90 153 26.29 24510 54034
32157 1.00 180 30.24 31382 46215
32076 1.21 198 31,94 24507 L8453
32072 1.60 230 40,72 32616 L9924
32043 1.90 213 4178 28175 63763
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Appendix II.2 : Taiwan.

List of variable names :

ICP . Index of cost of productdon obtained by dividing
the Ho input index by his aggregate output index,
both in 1952-56 prices.

PIDC : Price index of drugs and chemicals, the export
price index of Japan being used as substitute
for fertilizer price in Taiwan.

SWRi i= 1,...,9 ; Substitute water wate calculated on

- e

the basis of alternative life span and alterna-
tive rates of interest.

LICP

.o

Log(ICP). Any variable starting with 'L is the
natural logarithm of the variable defined by the

following characters.

.e

SWR5T : SWR5 x TIME, Any variable ending with 'T' indica-

tes that the variable has been multiplied by time.
PIDCQ : PIDC x (TIMEJZ. Any variable ending with a 'Q‘

has been multiplied by the square of the corres-

ponding time value. |

a(t) : Inverse of fertilizer productivity.

b(t) : Inverse of irrigation water productivity.
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TABLE 1X, 2.2a : Regression Results for Taiwan

2
Equation Subst, Dependent R
v b F-gtatist W
Number Water Variahle R Aty SER (: :zis R e
Rate Constant FIDC PIDCT PIDCQ SWRi SWRiT SWRiQ s
Index
i
11,2-1 1 icy 0.5876 .0033 -.0002 000003 303,022 -17.179 0.2269%* «86 34,63 1.39
(9.233) (3.15) (=3.20) (2.83) (2.20) (-2.19) (1.69)
11.2-2 2 " 0.4931 0049 -.0003 .000006 882,767 -47,701 0.6512 .88 42,10 1.55
(7.05) (4.46) (=-4.,29) (2.64) (4.06) (-4,34) (4,02)
11,2-3 3 o 0.4931 .0048 -.0003 +C00005 1302,497 -73.293 1.6631 .88 41.05 1.51
7.05) (4.14) (-4,10) (3.18) (3.89) (-4,25) (4.09)
11,244 4 » 0.5822 .0034 -.0002 . 000004 339.504 -19 .366 0.2614 .86 35,36 1.43
I1,2-8 5 " 0.4697 .0053 -.0004 «000007 1189.89 -62.622 0.8326 .90 48,31 1,63
(8.03) (5.20) (-4,30) (4,18) (4.86) (~:.28) (5,12)
11.2-¢ 6 " 0.4722 .0052 -.0003 000005 917,782 -105.975 1.5263 .89 47,11 1.56
I1,2-7 7 " 0.5880 .2033 -,0002 000004 347,972 -20,.022 0.2723 87 36,40 1.47
(10.56) (3,51) (-3,51) (2.84) (2.78) (-2,75) (2.23)
11,2-8 8 " 0.4786 0053 -.0004 «00008 1453.121 ~-75.924 0.9966 .91 54,41 1.67
(9.56) (5.83) (-5.28) (4,55) (5.46) (-5,98) (6.20)
11,2-6 9 o 0.4967 N049 -.0003 000005 2443,600 135,623 1.9588 L9090 49,98 1.51
(8.87) (5.02) (-4,72) (3.01) (4,89) (-5.40) (5.66)

(1) Number of obhsrrvations = 39,

(2} For explanation of all variable names, cf. p.
(3) The fizures within brackets are the respective t-values,

All t-values are significant at 99% level, exrect the ones marked*
All F-values are significant at 99% level,
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(1)

Table II.2.2b : Regression Results for Taiwan (contd)., .

Equation Subst. Depen-

Explanatory Variables

1o

Number Water dent R F DalW
Rate Vari-
Index able Constant LPIDC LSWRi TIME
i
11.2-10 1 LICP -0,9172% 0,0052 -0,0658% «55 22.55 0.53
{=3.09) (0.,10) (=6.03) (2,36)
IT.2-11 5 " -1.,1281% 0.0482 ~0.,0639% + 58 25.21 0.59
(=3.69) (0.87) (=6.41) (2,36)
I11,.2=12 i 2 =0.5557*% 0,0896% ~0,0009 -0,0129% .79 Lh,6L 1.09
(=2,60) (2.19) (=0.07) (=0.0129) (F:35)

(1) Cf. notes to Table II.2-2a above.

(2) * indicates significance at 95% level.



Year

P —

1901
1902
1903
1904
1905

1906

1907
1908
1909
1910
1911
1912
1913
1914
1915
1916
1917
1918
1919
1920
1921
1922
1923
1924

Qutput
Index

&

100.

101.

130,

1hs5,
153.
148,
160.

169,

172.

) 168.

177.
159.
181.
174,
188,
197.
215,

203.
206,

191.

201

2254

219.
25? .

(@]

NG o T U o T
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[
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Table II.2-2 : Taiwan.

Input Cost Ilrrigation  PIDC

Index Index Investment le)

(b) (c) m. T¢

85.8 E5«8 0.3 . 10w

90,4 89.4 1.7 78.1
100.0  76.9 2.4 71.3
108.8 Th.7 3.7 75.1
109.9 71.& el 76.8
1131.2 T5s1 6.8_ 86.1
155.1 7146 8.8 67.6
118.2 69.9 8.6 58.8
121.2 70.4 56.2 63.0
124.,6 741 4.9 73.3
140.8 79.73 24,1 70.2
131.0 82.0 1 %5 88.0
133.7 73.6 23.9 7.5
134.8  77.4 = 71.9
140.7 4.6 b7 85.8
149.3 755 14.3 109.8
15343 71.2 2% +3 116.4
145.4 1.5 13.7 1675
152.7 4.1 18.5 223.0
146.9 76.8 36.2 136.2
1454 72.2 65,0 162.0
’1@2.7 63.3 P07 181.0
146.3 66,7 78.8 193.5
155:.3 60.3 8k.0 190.5



1925
1926
1927
1928
1929
1930
1931
1932
1933
1934
1935
1936
1937
1938
193¢

43.)

(b)
{e)
(a)

(e)
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Table I1.2-2 (contd).

271.8 161.8 59.5 93.2 141 .1
266.8 1645 61.7 120.0 108.4
281.7 169.1 60.0 145.2 118.0
293.9 175.0 59.6  369.8 108.8
295,73 172.1 58.3 159.0 99.3
316.3 177.0 56.0 134.5 8l .2
323.4 18,2 57.0 115.4 93.2
370.7 182.6 9.3 42.0 113.9
333.9 190.2 57.0 18,5 107.7
363.9 200.7 55.1 64.9 ol 1y
390.5 | 213.2 54,6 66.8 93.9
405.8 218.5 53.9 7.5 103.2
4114 222.9 54,2 5.8 124.3
430.6 224.2  52.1 7.8 145.9
B34, 9 223.5 51.3 32.5 153.3

Source : Index of aggregate output, 1901-1960.'Agri-
cultural Development of Taiwan' by Yhi-Min Ho.

Table 1, 0.17.

Source : Same as above. Table 23, pp.6L-5,

Col. (a)\divided by col. (b).

In millions of Taiwan dollars. Includes both private
and government irrigation investment. The deflator
used is the 'derived price index of farm products'
Ho , op. cit., Table E-1, pp.153-k,

Source : LESJ, Vol. 8, Table 20, p.215, col.5.2.
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Appendix TI.3

List of variable names : Kakrapar Project.

CPp + Original cost of production series chdculated ofi the

basis of constant marginal cost assumption.

cP1 : New cost of production series based on the assumption
that cost/revenue ratio is constant over the sample
years and that the price elasticity of demand for
rice is 0.5.

CP2 : Same as above, except that the price elasticity of

demand for rice is taken to be 0.25.

WR : The original water rate series computed under the
assumption that the distribution of acreage under
different crops remains constant at the sample
average, and total irrigated area approaches the

planned figure in finite time ( within the sample

period).

WR1 : The new water rate series obtained by projecting
the acreage under différent crops separately.

PF : Price of fertilizer.

LCP : Log(CP). Same for any variable starting with ‘L',
TOPF : TINE x PF. Same for any variable starting with 'T°.
TTPF : TIME2 x PF. " " - " spiE
a(t) : Coefficient of PF, linear or quadratic in time.
b{t) : Coefficient of water, old or new, linear or

quadratic in time.
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Table II. 3 =-1s &
Regression Results for Kakrapar Weir and Canal Project, India.

Eqn. De-endent _ - Explantory Variables p2
No. Variable Constant PF TOPF TTPF WR1 TOWR1 TTWR1 WR TOWR TTWR LPF LWR © LWR1 TINE F D-W
11,3-1 lo. ] . 345% -,032% L0011 2.,31% -.242 .018 .98 80.42 3.07
(20.6) (=2.7) (1.29) (4.1) (-2.05) (1.68) (5,8)
11.3-2 (.25 ] .342% -,033% 001 2,38% -.254 .19 _ «98 129,94 3.08
I1.2-3 P2 210 * -,034% «202 2.76% -,304 .25 «99 400.03 3.11
(15.86) (-2.42) (1.9) (4.13) (-2.2) (1,9) (5,8)
{
11,2-4 6.3 .310* 008 -.Co3 .464 -.021 004 .97 54.43 2,46
(5.39) (.06l (=,23) (.34 (-.c5 (.11) (5,8)
11.2-5 G 83.66 -.126% L,015% ». 002 . -.167 024 -,001 «99 7673, 3.08
(36.2) “9.7) (1309) (-lug) - (‘1.5) ('72) (-.3) (6,7)
11,2-¢ L1 2.75 «276 -.062 Jdoz2x 116,6 .78
I11,2-7 12 " .93% «239 -,253*% ,588% ,07 493,8 2,28
(2.15) (1.4) (-6.0) (l10.1) (3,10)
-.024 L011¢%  -,031% .99 7272, 1.21
11,2-8 Ly 4,22% (1.297) (4.8) (-41.3) (3,10)
(35.73)

(1) Number of observations = 14.
(2) For explanation of variable names, cf. p.

) * jndicates significance of t at 95% level.
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Table ITI,3=2

(1) (3 (1) Irrigated Irrigated
e
' 1958-9 62.50 62,04 56,74 184 85700 21633
195960 65.0 64,62 60.86 182 108000 49806
1960-1 67.50 67.26 65.27 182 157800 63025
‘1961-2 70.00 70.00 70.00 183 214050 81784
1962;5 72.50 72.86 75.08 175 277800 93577
1963-4 75.00 75.86 80.52 175 335050 131008
1964-5 77.50 78.94 86.36 171 389100 183411%
1965-6 80.00 82.15 92.62 180 435188 266755%
1966-7 82.50 85.50 99.33 203 A74b13 373485%
1967-8 85.00 88.99 106.54 210 505988 L4821 26%
1968-9 87.50 92.62 124,26 215 528713 528713
69-70  90.00 96.40  122.55 207 543688 543688

1970-1 92.50 100.33 131.43 224' 553913 553913
1971-2 95.00 104,43 140.96 227 559625 559625

(1) Cost of production per 10001b of rice .Cf. text.

(2) Price paid by peasants per 100kg of ammonium sulphate-
UNZFAO Yearbooks, relevant years,

(3) As planned by project plamners. EMIP, p.32.

(4) Actual area irrigated. EMIP, p.34.

* Estimate based on growth‘rate of irrigated area - COin-

cides with the ‘'planned! series 1968-69 onwards.



Table II1.3-3 : Given Acreage Under Crops and Respective Water Rates,{'60-1).

Kharif Kharif Kharif: Rabi Rabi: Rabi: Hot. Hot Total
Rice Perennials Others Wheat Perens, Others Weather Weather
Perens, Others

Water

Rate(Rs) 12 12 5 10 20 10 28 20

160-1
t58-59 10856 1397 5251 479 1515 3240 e e 22738
'5G.60 4069 1059 3207 1311 he75 5506 988 21 20876
160-61 14886 5781 7800 2004 7694 5159  LAQL Lo L7977

C 16162 13709 - 7808 o7 5 3202 9585 902 6960 L, 60145

162-613 26849 9351 12315 4204 10659 5306 8128 Lyly 76856
16364 20980 11361 11062 h163% 12686% 10563% 9LL9 4 93557%
Average:
'58.59 15225 6126 8192 2240 6826 5683 6026 20 50338
to 63-L.

% 30.25 18.17 16.27 4,45 13.56 11.29 11.97 0.39 -

Source : EMIP . * indicates estimate.
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Table TT.3=l.
(a) (b) (c)

Year Bt R . B*t
1958-59 37000 252541

1959-60 183000 267525

1960-61 566000 642406

1961-62 1121000 818199 “es
1962-63 1818000 1031839 ces
196364 2537000 1109034 p_—
196L4-65 3325000 1274519 1276196
1965-66 4061000 2498058 1480102
196667 4773000 5633u76 1692621
1967-68 5260000 5086866 1865160
1968-69 5657000 6891557 2057699
1969-70 5910000 7201071 2250381
1970-71 6078000 7408095 22777
1971-72 6192000 7544295 2635396

(a) Net revenue series as estimated by project plamners,EMIP,

(b) Revenue series that would have emerged if 1960~61 rates
were charged at alllperiods.

(c) Alternate revenue series ( at 1960-61 rates ) that
emerges if 'plamned! acreage is relaced by pro jected
acreage.

All values are in Rupees.
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Apvendix II.4

Variable nameg : Dillon County, South Carclina, U.S.A.

CCDC : Cost of producing one bushel of corn.

WRDL : Wage rate of agricultural day labor(S.Carolina).
fSAF : Price of ammonium sulphate, $/ton. )
PINB : Price index, all agriculture, base : 1957-9.

PIOB : Price index, all agriculture, base : 1910-14,

FPOB : Price index, all fertilizers, as paid by American

farmers.Base: 1910-14.
FMPR : Price index of farm machinery used by American far-
mers, base : 1910-14,
TAPESC : Total agricultural production costs (S.Carolina) -
current $§. Includes depreciation, replacementof
farm machinery, interest on mortgage payments.
VAASC : Value of-all agricultural productioh(S.C.),current $.
VCDC : Farm value of corn production, Dillon County,
in current §.
CHDC : Bushels of corn harvested in Dillon County.
LCCDC : Log(CCDC).Same for any variable name starting with L.
FMPIZ : FMPI converted to '57-59 base. Same for any vari-
able name ending with '2°7,
FMPIZT : FMPIZ x TIME. Same for any variable name ending
with 'T°!',
2
FMPIZQ : FMPIZ x TIME . Same for any variable name ending
with 'Q'.
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Taple 11, 4 = 1 : Regresgion Results for Dillon County, South Carclina (1).

Equation Denen~ 2
1 t v le -
dent Explanatory ariables R P Do

Vari- s g
able Constant FPIiz FMpI2T FuPIZQ PSFAZ PSFAZT PSFAZQ WRDLZ WRDLZT WRDLZQ FPOBZ FPOBZT FPOBZQ LWRDLZ LPSAFZ LFMP1Z LCHDC TIME

o com e B s i e

11.4-1 cope 1,985 =.,008 =001 .000008 .002 =0024% 000001 =70 8,27 1.1
{1.43) (-.93) (=.57) (.38} (.26 (2,35) (.00 _ (6,13}

I I .4“"2 " -56 1 0009 bl 0002 .00034 . .245 .069 * "-'002 , ® 76 .'le 1 062

11,.4-3 - 254 =002 ~.006  .003% .258% 0100 =.002 ~-,018 LOIT*  -,001 . .90 10,26 2,21
(2.8) (=07 (=1.7) (2.66) (2.36) (.23) (=.73) (-.37) (2,13} (1.68) : (9,10)

1X.4~4 LCCDO =7.80% ' +5323% 1.123% 0,586% =,008 .56 4,38 1.07
’ (1.65} (3041) (2.02) (“032} (4, 15)

11,4-5 " - 5004 ' 0566 0.987* -2,82% ,0331%,88 29,3 6
( ~-.52) (.51) (5.83) (~=7.6) (6.77) (4,15)

(1} Number of obhservations = 20,

{2} For explanation of variable names, cf. p.
(3) Figures within brackets are respective t-values.

* indicates significance at 95% level,
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Table II.4-2 : Data : Dillon County, S. Carolina.

1 1 1 1 2 1

YEAR  PIOB PINB FPOB PSAF WEDL . FMNPI
1945 207 57 .4 120 L6.80 2.86% 176
1946 236 65.7 121 48,60 2.91% 182
1947 276 . 63.8 134 60,00 2.97% 206
1948 287 87.2 146 69.60 3.02% 240
1949 250 8345 150 74,40 3.05 270
1950 258 86.8 14k 66.30 3.05 277
1951 302 96.7 158 66.20 3.40 298
1952 288 94,0 156 - 68.00 3.70 308
1953 255  92.7 157 69.80  3.70 311
1954 2L6 92.9 158 68.40 3.60 312
1955 232 93.2 155 66.00 3.75 312
1956 230 96.2 152 61,80 3.90 326
1957 235  99.0 153 58.90  3.95 32
1958 2573 100.4 153 60.00 3.92 357
1959 240 100.6 158 58.80 L,k 05 372
1960 238 100.7 152 57.80 b,10 382
1961 24.0 100.73 154 58.40 L,20 391
1962 244 100.6 153 56.90 L. hg 398
1963 242 100.3 152 52.60 L.70 405
1964 236 100.5 152k 52.60 4.85 Lk
1

Source: Agricultural Statistics : U.S. Dept. of Agr..Annual No.
5

Source :Selected South Carolina Economic Data - J.D.Conklin
and R.A.Quesinberry. Dec., 1969

# Estimates.
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Table II.4-2 (contd).

‘ 1 2 3 L
YEAR VeDe VAASC TAPESC CHDG
194 5% 565553% 280.9% 195.9% 585229*%
1946 635695 273.8 201.1 616269
1947 708831 266.7 236.7 647309
1948 781967 2594 213, 6 678349
19Lg* 928240 - 252.2 239.8 74,0429
1950 830707 251.3 231.0 643575
1951 733177 249.9 242,7 546729
1952 635647 248,7° 252.3 L4986 5
1953 538117 217 .1 251.1 353010
1954 410587 216.2 255.5 256155
1955 504135 249.3 270.1 329240
1956 567683 252.7 266.6 102325
1957 631231 250 .4 273.5 75410
1958 694779 ahgad 27943 548495 -
1959% 758326 261.5 282.7 621579
1960 818068 266.5 281.9 665047
1961 877810 271.5 298.2 708515
1962 937552 276 .1 300.5 751983
1963 997294 281.7 320.8 795451
196l 1057035  286.6 330.4 838917

(1) In dollars; (2),(3) : In millions of dollars.
(4) Number of bushels harvested.
#* Reported figures.Rest estimated. Census of U.S.Agiculture:

1945,'80, 54 159164, S.Carolina and Counties.
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Be 4nalysis of Growth, Retu:nswto scale and*Technical
Progrezs in an  Lgoregate Jroducticn Function.

Ilouthaklzer had scuggested (1) an interesting deovice %o
generate aggpregate production functions from Leontief type
fivm production functions, depending on the form of the cell
distribution functions of the fixed factor. If the cell
distribution function is Pareto, the sggregate function turns
out to be Cobb- Douglas. Solow had drawn zttention fo this
contributi.n in a survey article on capital theory (2). In
reccent years more research has been done in the field. Levhari
extendod Houtheldser! s result by establishing a one-to-one
corréspondence betwesn cell distribution functions and aggre-
gate production functivns (3). 4 significant contribution in
the field has been made b, Prof, Johansen in a recently publish-
ed book on Production Functions (4).

Several extensions of the original Houtheliker
proposed structure are still possible. Johansen concerns
himself with embodied technical progreés~in the model, and as
one might expect, cumes up with very compilicated expressions.
In macro functions, howéver, analysis of disembodied technical
progress gtill seems to be a fruitful endeavour. gimilarly,
one might want to study the growth and decay of an industry
emanating from usual production éalculus of the constituent
units. Also, distribution functions other than Pareto can be
tried to find out if they yield agzregate production functions
in explicit forms. Tnigs paper seeke to deal with these aspects

of the pronlem,
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The Model:

Prof, Houthakker's model consists of numerous small
firms (cells) each producing a homogeneous commodity with
different variable factor combinations, but each with a
Leontief type production function. Each cell is endowsad
with a certain amount of the 'fixed factor' which does not
show up in the short-run aggregate production function.
Mhether a firm will be producing the commodity or not will be
determined by whether or not its variable costs per unit in
the period are being covered by price per unit of output. If
one assumes constant returns to scale in all the factors --
variable and fixed -~ so that one firm producing ten units of
output is equivalent to ten firms each pfoducing one unit,
then corresponding to each point in the positive orthant of
the variable input space one can associate the guantity of
output that is being produced by that particular technigue,
In other words, one can postulate a distribution function of
output defined over the spéce, which is equivalent to the |
underlying distribution function of the fixed factor up to
a scalar multiplication. Under these circumstances, iff(x,x,)
is the distribution of output over the variable input space

prxl) , and if X , X and X are the aggregate quantities
o 1 £

of output and the two variable inputs respectively, and
if @ = fCIuWh))f%Xr+hxiﬁ Pu=i} be the feasibility (i.e., non-

negative shorte-run profit) region, then one can write
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g%@ct,xa)oqxopxl veee (1)

Xo =
G
>(| _ jg )(_Ig(x”'xz)d{x‘anx,_ ceve  (2)

G

X L:SS xl][@c‘ 20 dadg e e (3)
G

Given these relations, one can solve out the two
price veriables from the thrse equations (L) -~ (3) so that

we get an expression connccting X , X & X , which is the
i, 1 2

aggregate production function we looking for. If the

region over which f(x , x ) is > 0 is wide enough the
5 ‘

aggregate function exhibits neo-classical properties of
substitutiblity ( Cf. Houthakker (1), Johansen (4)) . If
howsver this so-called 'region of substitution' (Johansen )
is the degrese of substitutiblity in the aggregate
function is reduced until in the extreme case, where the
region is a line (or curve) through the origin, the aggregate
function, like the cell functions, becomes a pure Leontief
type. This happens since the marginal variances and
covariances of the cell distribution function along the

budget line p x +p x =1 all disappear, leading to
11 2 2

an indeterminary in the prices --- a characteristic of
the Leontief function.

The aggregate production function thus generated
will, in gensral, be neo-classical, and it exhibits all

properties of competitive profit maximization Cf.Johansen
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Also 1t alwavs has diminishing
factors. This is easy to see.
macro function, the returns to

by the elasticity of output to

returnsg to scale in the variable

f = A X i -
Tf Xo YO( [ XZ) is the
scale in it can be expressed

factor changes, defined for

proportional factor variations.

dlogX, dlogXo "
£ = - - o L8]
dlog}{l dlogXZ‘
s Xr o o. Xa
ie., £= &, X, ax, X,
where  d¥X, A%, by definition .(5)
o R .
It can be seen that & 1is always < 1.
. X 4o
XO dX‘
or, X, = GX_. ¥%/d%y  ....... (6)
The production function is
X = X X
o~ o( X!’ 1)
we have
ax = eogx s Qe gy . (7)
O 'B)(l | ‘bxz_ p
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the aggregate production function gatisfies competit-
ive profit meximizetion properties(Cf. (4))Substituting
(7 ) in (6)

eXo = (pdX x PdXe)d

A)(z
= hx, + Pl' X,aY_,
T
e BXgRt o (®)

XO
Substituting in (8). The definitional expressicns for

the aggregate categories, ws have

| glf)(@‘uxz)d&chm ] {;,I Ilf(’ﬁ)"a)dxtdki/

£=h W s Em
[ G
where G is the region of integration

i1t is clear that ~§% (i = 1,2) is the average value of
the variable x¢(l=1',2) over the region G. Hence,
unless the distribution
obteins positive values only

on the

vorder  line PyX + pox, = 1 and is zero everywhere
inside the triangle G, this average value will be locat-
ed somewhere inside the tri:ngle for boéh its, I A is
the point with co-ordinates ( ;%b ) ?;;)

for given 4@%10 and (P”h) , then

of necessaty 2 (T):lo) + Fb( %) <)
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Iprx‘ +l’::_x;

, € ()
Xo

1T

Technical change.

Let us consider the question of technical change
in this model. Johansen hss indicated an aporoach for analyzing
embodied technical chanje in the model by incorporating new
components to the cell distribution function in an additive
manier. The only kind of technical change we are considered with
here, however, is of the disembodied type.
Disembodied technical change in the context of the
‘Houthakker model can be clessified into two broad categories:
(1) Rise in the productivity of the fixed factor for all the
cells, and
(ii)Rise in the productivity of the variable factors for all the
cells. One can study the impact of such changes for cell
functions on the aggregate production function.
(i} Rise in the productivity of the fixed factor: the case of
_ uniform multiplicative shift:-

Suppose all cells experience an & % rise in the productivity
of the fixed factor while the productivity of the variable factoré
remains unchanged, This means that all firms that could previously
produce 1 unit of output with 1 unit of the fixed factor can now

oroduce 'a' units of output ( & > 1 ) with the same L unit of
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the fixed factor., However, since variable factor productivity
is unchanged, output/v. factor ratio is unchanged, élthough

v. factor/fixed factor ratio actually rises. Since we are
assuming Leontief type production functions, the physical
amount of variable factors will change in propertion to output,
leaving the feasibility zone, or the region of integration,
same as before. In other words, the technique of production
changes with a bias against the fixed factor.

. In terms of the Houthakker model, if the post-change
cell distribution function is designated }iﬁtuug) and the
pre—change one is called £7 ey %) then

&»1(;{‘,7(_2,) - o{g_acx,,vh,) V (¢, %) .
Since, as explained before, neither the productivity nor the
prices of the variable factors have undergone any change, the

region of integration is still defined by G0 = i@%ﬁ&ﬂhn+ %§}

writing the expressions for the macro-variables in

the post-change situation, we have,

Xg (_1) - (ES ’Fo(x”xu)olxlﬁxl_ ~ o Xo(o) o UD)

Xy (J) = U x, ‘fg(x,,x)) A'M-;O‘X—L = X X,Co) R (U)
@

d ‘KZ—(_‘) = ol ,{S 2. %Y {'a (""-1,11,) ofx, J%L: A XL(P) - - - (lZ)
G

IS Xo(l) = H (x,(\)} %, () ')F)
4 X, (o) = @P(x,@), X, (@ 5, F)

define the production functions in the post and pre-change

situations respectively, we have
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H(x,0), X OF) = Xa(1) = ot Xp(0) = & (X, % )55
- > Colxl@), X5 (6) o(F) 5,7 C-R.S.
| = & (X0, X 5xF) - (1Y)
Hence the effect of uniform multiplicative shift in
the cell distribution fuactions resultiﬁg‘from a rise in
the productivity of the fixed factor for firms is reflec-
ted in a fixed factor augmenting technical change of the
same magnitude in the macro function.
(i) Rise in the-productivity of variable factors :
variable input saving technical changes:-

The other typebf disembodied technical change
one can think of is of the vzriable -input-saving type,
with productivity of the fixed factor remaining unchanged.

Sunpose a cell in the pre-change situation usesfir)
units of the variable inputs to produce 1 unit of the '
output, In the =ost-change situation we sszsume that the
stme firm needs only (™Va, , "%/a,) units of varible
inputs to produce 1 unit of final product, where
Q5 a, é;p , with strict ineguality holding in at least
one case. e further acsume that all the cells in the
inﬁustry experience identical rates of technical change.

The wnhenomenon of input-saving change indicat-
es that old firms that were already producing with
profit, can now earn é higher rate of gquasi -

Tent, that previougly  marginal
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firms noe start carning positive profits, and that some
new firms, which found it unprofitablevto produce before,
can noﬁ start wroducing profitably since variable input
requirements all around have fallen.

Thus there arc two things that apiarently scem to
change from the old situation to the new: one, the cell

distribution function, and two, the budget constraint:

Pre-change Post-change’

situation . situation
Gell dist. 0 TR,
function § o) - §o(@®, XD,

ﬂ.' 'Q; ; ’. )
= 3 (= ’

Ieagible G(») :i(x,,x,,)lhx,*rh’tzﬁl} REI =G> |
region

=X 2.
'Pl &L"" qu_::-{-l} i
What one has to be careful about is that a change
from the old situation to the new can be brought about

by incorporating either one of the changes iisted above

and that enforcement of both would be incorrecct.

This is so becausce as between the old situation
aud the new, productivity of the fixcd factor has not
chenged, nor has its endowment to individucl cells.

Hence Lhe outihut that the old firms can produce now is
exactly the amount they could produce before -- only
they are making more wrofits now -- and the increase
in total outnut in the new situation is explained

solely by the entry of new firms made nossible by a falLﬁjl

N
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variable input requirements. UWe can look at the new
situation in either of the two ways:

(2) The same distribution function with a new
budget line, or,

(b) A new distribution function with the old budget
line, or, alternately, the old function defined
in efficiency units, plus the old budget line,

The two situations are depicted in the attachad figure for

the case of one variable input:

0 O B
If OA is the feasible region initially, then we
either keep the discribution function unchanged at fo and
raise the feasible region to OB (situation (a)), or we
keep the feasible region fixed at OA and raise the distribabion
function to fl (situation (b)) =-- where OC/0A = OA/OB.
In situation (a) the identification of cells to points on
the (x ,x ) plain is maintained, whereas in situation (b)
that iéen%ity is lost and variable inputs are now defined
in efficiency Gnits,

To see that input-saving technical change give us



=340

identical results, note that by def,

(a}, total output in the post-change situation is:

given by
< = [ 1 oy didm s b RO {Eomfl rhiisf
RO | , e (1w)

By def. (b), post-change output is given by

X%) U) = Jf ]Lo(cﬁxl ,GaX2) ‘4@1’9) 00@122,), Uﬂ—c-/e G0 = i(?—ukz) Holx,-s-hgz_gf} |
_.QGJ 3 . , v Usj

Setting a x =y and a X =Y ,‘we have,
11 & 2 2 2

Xe 0 = [[Hlmdnde,  dhe Rlo={lowlprp<f

RCD @
which is identical to X, (1)

Using def. {a) for new total output, and omitting

the superscript, we have

XD(Q = .H {C’anxl)&x‘oqk

R()
® Xy 3K e dx.
) i{,ﬁ (o %2) Ao+ 2{5)3& 5% eloe e,

:Oﬂpﬂlﬁwﬁ%%fms+~Oﬂ#io§nagfrms_

Thus, using G and R as superscripts to denote the old and

new regions of integration respec., we can write

Kelr} = Xf(})‘+ xf'ﬁ(o) - - - (10
R
Mso , x,( = f§ % foCamddRdT = g X0 (D)
R(X !

g X, = Zx;E L R)
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Let the o0ld production function be given by
Xo(0) = b (XF(e), XT@ F@) . 7

Since a change in the region of integration should not change

(9)

the form of the production function, which depends only on
the form of the cell distribution function, when the feasible
zone changes from G to R, we should still have

xX(e) = a(xFE, x5 FED

The only difference between the two being the change in the
amount of the fixed factor used brought about by the entrvy of
some new firms.

Let the production function in the post-change situation

be given by’
X](D) = H [K[(’), X, (D )FCR)J
Substituting values of X (1) and X (1) we get
1 1
R A
><l(.':’) = H [errgc‘g); a, X;_ CO)) "(P“)] =R (ZCD

Comparing with (1) this shows that the technical change is
of the variable input augmenting type, the extent of input
éugumentation being exactly the same as that of the cells.
If productivity of the fixed factor. F. rises, measure

F in efficiency units F#* , where, F*(t) =«(t) F{t), «>1,
same for the variable factors. If the fixed factor, (or

_ the variable factors, all measurad in efficiency units) to
output ratios r;main constant {thus redefining the concept
of fixed coefficients), these ratios where all categories

are measured in natural units will be higher. So wherever
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a factor's productivity is changing over time, one might
measure it in efficiency units and it is clear why ‘the
micro results should carry over exactly to the macro level.
In the avove cases we have considered situations
where technical change is proportionate for all firms, An
interesting extension of this would be when it occurs at
different rates for different firms. One such case is

discussed in the following section,

III

Reinvestment and agaregate returns to scale

Suppose that the extent of 'factor-saving! that a
firm can enjoy is not totally exogencus, but a function of
its quasi-r@nts,‘assuminq that it invests all or part of it
in improving the quality of its fixed factor endowment. Since
guasi-rents earned by the different firms are different, it
is clear that the extent of this endogenously propelled factor
saving will also vary from firm to firm,

Alternatively, one might postulate that the quasi-
rents earned in one period are reinvested in procuring more
fixed factors in the next. This will generate a pattern of
growth of individual cells which will get reflected on the
andregate level,

Let us suopose that each firm rzdnvests a function
x(¥)of its quasi-renﬂr,where oéj>c>, (@D =0

If {‘%E,KL)be the original
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distribution function, the new distribution function

will then be given by

gicﬁ)x%) = (1 + (7)) {”Cx” o) - (2D

where Y = [|— h*1*-h9‘

making the simplest assumption about d(jj y let us suppose
all firms reinvest all their profits, so that
I (_T) =
substituting this in (21) we have
1 o
o
(2“foﬂ*'hﬂb){ (i, %)

1)

w2 Jt 0(76“?(3_) —-—h xw’fo("l | x’) - P?—xﬂ-focxr)xz,)

Integrating over the region G (_hX,+ P> <1 ), we have,

as before,

X, () = 2% (0 — b X, (2 —pXa (2

v Xl L g BXOERNO oy
X, (® ’XD(D)

3

where £ (0) is the returns to scale in the initial period

We have
_ RX@r BRl)
e (o) = X (o)
e () = P, (')+’>sz(‘)

X ol
ST b3 + b — A (b £ 09 e

AXo(®) — ff (et by § XA A3




.

oL@ 2 ¢ WD acceording as

x, (0 2 [F X;(0) + p, X (o)] _U (P,’% + ) 5 4 ) drda

b X, (0)+ b > gl
Xo(0) % g Xy — S (p,x,+bxb){ °(xy 29
G

Y

[ ff(lmﬂ:» x) T (x.,x@)an.an,,]
0"”-2,] [ [{(P{L!'FPL‘!’)’}[?H %xg) tpxlc'x,;—] .

l.e, ac<- as

é [{J‘F T, =) A%,
(e, Gec.GS _ﬁ (_hxla-’) )5’0@%:12-)"’7_(10.1‘—

(S
> [ Jffeumptr] [ m.ww i
- (@32

By using Holder's inequality, we have
b, 1 P, J'/P’
5 [\b‘—)‘g("*) dx < [ j{ !,L(x)} c@xj _Lf{jbc)} >
for b=
LQ_JC F: 'D' = .
h() = [&O(KUX’DJ/L
y j("«) = LP:"!*P?—"L)[{VD(“”’CQJ &
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Substituting thesc values in the exvression for honer'S
ineguality ﬂnd intesrating over the region G, we haves’
IRE: )} [ (b + b £ §7e] "] dmpds

<[ ﬂ{(% (0 00) 2} i dxa ] Y { (prrpe ) 5] dx x|

Sg (}’ X 4‘“sz2—> ‘E (”41 2) OQFLIAKZ =
Ky, ijldm’]
[ S {6 %)0”’9"‘""] [ﬁ (P.x.m’cz) PRI A

Comparing this with (2% a) we have
gl & €W for any Rk

i.e., whenever nrofits zre reinvested b, all the firms in
a certain Tixed vercentage, esgsregate returns to scale for
the industry as a wiole falls, or 2t best rcmains constant,

but cen anever Zo UP.

There is another anle from which all this can be
looked at. £ reduction in the returns to scale is acsoc-
sated i r he moin XIX £l 3 ;
iated with shift in the noint of moanu( _Q urther towards
the orign ( Cf. p.268 above). L11 this is very natural
gince a fixed % reinvestment of profits by ecach firm will,
pari passu, make the cell distribution more and more skewed
in favour of the more efficient firms, -thus pulling the

that
point of means towards the orign.It is interesting to note/
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this tendency towards increased concentration of percentage
output in the hands of the more efficient firms exists even
without assuming indivisibility of the fixed factor - one
of the often quoted feasons for tendency towards concentration.
This teondeucy iz accentuated if one clamps a positive rate of
depreciation on the model. &SSumption ol a certain amount
of lumpivers in the fixed factor togcther with a pusitve rate
of depraciaﬁioﬁ might explain why some marginal firms might
eventually be driven out of business. Thus initial effielency
of some fimms, visfa-vis others, however obtained, has a
tendency to accentuate the-gap between firms even in an
otherwise competitive situation. The choice of the particu-
lar reinvestment function chf):.|+-v°; was made solely
for the purpose of convenience. The basgic result of increa-
sed skewness of the Cell distribution holds with any rein-
vestment function « (r) , satisfying the »roperty

(@) =0 4+ o (r) >0 ¥ r.



All of the previous analysis ﬁas been based on the assun-
ption that cell producticn functiens are fixed coéfficient.
What happens if they are not? Can one stil] associate a cell
distribution function unequivocally with an aggfeggie produc- -
tion function? Our answer is no, and this is pr@marily becas
use with neo-classical gell production functicus, fglative |
prices lose their parametric nature, and are ne longer washed
out as before at the end of the calculations. .

Suppose there are an firms in an industrf each with a

neo-classical (convex) production possibility set. A prod-

unction possibility set for any  y>00 is defined as
() = { 21§02y, %20} where {0

is & quasi-concaue functien defined on the rositive guadrent

Swm
Fer of

of Qﬁlr '. By a well known theorem, any cOBFRE 5
such sets will be convex, and hence a producﬁion possibility
set in its own right. The weights defined by the convex
combination act as probability numbers. Hence with each
set of a production poesibility sets and any convex combin-
ation of them, ie associated an aggregate production possib-
ility set or an aggregate production function. |
The probability distribution defined here is quite
different from the type Houthakker haé in mind; for the ones
Houthakker talks about are tuwalfed and independent of the

prices. One mgith say that this difference can be at least
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formally removed by normalizing Houthalzker's distributions
by their coumulative totals for any given. set of relative

oo

Fros

|

ces - and thereby by making them Tunctions of the trucat-
ion point (i.e., of relative prices. But the difference1
between the two cases runs deeper than that. In the case
where the cell prbductién functions are neo-classical, even
if one postulates a ¢ell distribution function specifying the
allocation of the fixed factor amoag cells, unlike in the
Leontief case, the distribution of output and variable inputs
are no longer determinate unless one also knows the factor
pPrices. rfor now, unlike in the previous case, the extent of
utilization of capabity for each firm becomes a variable -- .
itself depending on rel;tive prices of factors.

It seems; therefore, that if we want to think in terms
of some kind of cell distribution function over the variable
input space where cell production functions are neo-classical,
such a function will have to defend not merely on X+ %,
but also on P'4—PL « In other words, with neo~-classical
cell production functions, thinking in terms of Houthakker
type cell distribution functions does not seem to be very

paying.
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Coming baék to the case of fixed coefficient cell
production functions, one might expceriment with different
known forms of distribution and production funétion to
find out if eitherigenerates a reasonable looking form
of the other function associated with it. The association
of the Pareto distribution with Cobb-Douglas production
function in the aggregate, as proved by Houthakker, is
very striking, but unfortunately seems to be somewhat-of
an exception, in that both functions are well-known,
compact and manipulable. The distribution function that
Levhari has derived from a one-variable factor C.E.S,
production function in the aggregate (3), is indeed a
legitimate distribution function, but much too cumbrons
in form and certainly not very recogniéable in appearance,
Explicit solutions for aggregate production functions from
known cell distribution functions are indeed optainable,
but mostly in principle. This is so because although in
theory it is possible to drive out 'm relative factor
prices out of { m + 1) equations --- one each for the
m factors and one for the output -- more often than not
the equations are ﬁon-linear in relative prices and
simplifying manipulations cannot be done. Johansen has
worked out explicit solutions for a few manouvorable cases
like that of the rectangular distribution in two variable

factor situations. But in general, explicit solutions are
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exist.
unlikely to,local approximations are one way to deal with

this. But without going into that, it is still possible
to glean some interestiny information about the aggregate
function when the cell distribution function have specific
characteristics.
Let us assume that the cell distribution function
has independent marginal distributions,
i.e., {(x,,x?g; gi@u)fn(xn-)

Then

r

‘/Pl '———_—b—— :
XD(F”P,) = jo J P> gr(xf) ,ﬂ(_‘xz)cvx( e,

o

:J%é(xo J#h@&ﬁhgdxl ) 3:i%23

o

- g

Jﬁqj_(%f) H (Ef) d x, )' H{y = jbh(x)ﬁq,c

%
S Xo(pob) = f F o) dx, | F(x) = § ) HC),

~ - - -(®

The function F(x) is defined over [0, § ]

I

At Xy =0, P(x.,)] = 40 H(L) =o
=0
At X, = JF : F‘(%)Lr:r = ?(é—)H(o) e

C\ij@&}::C) at both the end points X, =0 d—}?}
/

since it is positive for all intemediate values of X,
x/
by Rolle's Theorem there exists at least one such,that
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F(x) = max F(x) | F(x")=o0

Thug the function F can
look something like the figure
:' attached. It need not be unimogdel
} thzough,
o X 3
We can also express }{l & X in terms of F. To see this:
‘/F‘r " |
x'U}UFQ_) = J Xy 6‘(xi> J A(XLDJKLCPx,
0 2]

Xl (IDI ) Fz)

2 JD x.b(x,)”(u‘)]dﬁ

= Jypl (25)

o Fl)dx, -~

?; Y .
[yt [Pt e
0 ] q
{ X L‘ [.%77)47(1_

- " () 1 -t 2= e
« J TOLI i Phootn )

| DTt
p@)[%ﬁid,

/P

My
= [ P boda oo @9
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H,(+) , ]
It is clear that the ratio ”_-;L&") & LG‘)‘!) is the

Lorentz angle with respect to the function h. By

the property of Lorentz

T 7 curves,

/’/ .\'4)%&) :‘#93‘2%3
7 HIIUO :ij C— ‘E‘){ 2

A _
I _ Ay As .

hod PO = Py (G by (5L 2/0 - -ﬁjéoaudigzo

Any function C?(?q) with P (x) <o and

CP”(x)ZOis a potential candidate for this case

7
P2

* L]

Writing (26) - (28) in one olace,

we have
3
XO = J F(xl) AIF

%
P J "o, P .

X
yl’n w
Aa = I cb(x,) F(x)dx,

0

]

£ I
CP<D,¢2O-

One simple from of CP(KJ satisfying the restrictions

will be CiD(X,) = C—™X,
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Substituting this in the expression for Xa we note

‘/P; '/Pl
oé)("r—xr,, = L O('qu(xl)alx“l ;i JU(C“‘O{‘XI) F(x,)all,

i

/Vl
j ' { =<+ (c:ﬂom)} B () d,

oéx‘+ XQ,

.
= o T P - <K

o}

Thus CP(X:)-_— C-KXX, entdails a linear aggregate production

function

Another form CP(X,) can take is CID(I,) P
’r
satisfying the restrictions c{: <o, P >

X, = J%"X,F’(x,)o\xf J P(x)d[ ]

©
. « F is continuous and C‘x'f/l) is monotonic function in

[O: Vp,] , one can apely the First Mean Value Theoreum

of integral calculus to get

XITF(?CT¥)[E)EL~0]= c, Fea™) -~ - U
wore 2% ¢ Lo, ]
Similarly, X, = F(xY) . VPr - COF(.)(f*) g w (JQ

and X = (h! LOg(jé;)”‘ CLF(H') = ’“"C”

Since X, x, 4 X are fixed points in [ ©, /Pr:(
- ST *-
for constant F’; , one can expand (i) (1) around X, and

keeping the linear terms alone as a first approximation, get
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X =& F=®) ds Wy = Cabl)
+ha c TS 8 - o
s0 ‘that X, = A.Xf X2 slly Cobb-Douglas
Al though this result should be extended to cover
the relation of xf to :xff o- Xfxx tﬁbugh

out the interval, this seems to be a useful first approx-
imation. It implies that a loung-tinear cell distribution
function and the Lorentz coefficlent of one of the margin-
al distribution functions being an inversely falling functi-
on of the other variable, together imply an aggregate nrod-
uction function which is Cobb-Douglas as a first épproxi-

metion.
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In conclusion, one might add a few words regarding the
relationship between this aggregation problem & lo Houthakker
vis-a-vis the standard aggregation problem in economics dealt
with by G. Fisher, Green, Nataf et. al..

vWe have secn that under ordinary circumstances,
Houthakker's method of aggregation fails vhen the;firm prdéuction :
functions are neo-clessical. In Houthakker type set-up, the
way this came about is via the dependence of output of a _
producing firm on the prevailing relative prices of variable
inputs. If it were possible to know exactly how a firm with a
given technology will behave given a set of relative prices,
in that case alone an effort at aggregation would perhaps been
fruitfal,

The classical problem of aggregation, though different
in the type of questions it predominently deals with, is similar
to ours at least in its negative content. It is similar to
ours also in so far as both are concerned with the problem of
consistency of micre and macro results, Apart fyom this
fundamental similarity, the two approaches are quite different,

(i) A major part of the classical discussion on the
possibility of aggregation deals with aggregation over factors.
Heterogeneif& of a factor like capital was only one of the
:problems to be tackled. The most generél condition for
aggregation over factors has bsen recognized to be that of
functional separability or what is commonly known as the

'leontief condition' : i,e., the MRS between any two inputs
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that are to be aggregated should be independent of the
remaining inputs in the production function. Qur problem,
on the other hand, abstracts completely from the problem
of aggregation among factors and deals exclusively with
aggregation over firms. Nevertheless, as Prof, Fisher has
shown in his vafious papers on the subject, this condition
does impose some very strong restrictions on the condition
for the existence of a capital aggregjate boils down to the
condition that all the firm production functions be exactly
identical save for a capital augmenting technical difference :
{a0uy 1E f(%, ll be the production function of the first fim,

then that of the second has to be of the form f(ak , 1 ), where
1 2

a is a constant. Similar conditions exist for labor aggregation.
Although this does not relate directly to our problem, it does
show that the problems of ajgregation over factors and over firms
are related, and to that extent misht have some bearing on our
problem.

(ii) There has been some discussion on the problem of
aggregation over firms directly rather then via the functional
separability conditions. Nataf has shown that a necessary and
sufficient €ondition for micro production functions to be
aggregable is that each such function be additively separable
in the factors. This seems to be a relevant result for our
purpose too, since with additively separable (or linear)

production functions, relative prices of inputs no longer
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determine the extent of capacity utilization, and to that
extent both the approaches seem to indicate the existence
of aggregate production functions.

(iii) Most of the discussion on aggregation in recent
years has b=en done on the basis of prior optimal allocation
of at least the 'moveable® reasources like labor between
firms so as to maximize output given total employment. Our

aoproach does not do that.
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