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c'j = partial elasticity of substitution between factor I and factor Je
1

< . . . .
c,. 9.. >0, and o,,. 20 are a Priorl restrictions on the values
ij ji ii =

of the partial eclasticities. The symmetry restriction cij = oji

was a maintiined hypothesis in the estimating equations nof the re-

gression models below,
3. Specification of the Model and Estimating Equations

The basic model i3 described by thiree factor demand equations, a marginal

cost equation and an equilibrium condition between price and marginal cost,

(1) 1InAa = ¢ + L4Ko , 1n PK + ALo In PL + AAc  1n PA + In X
ak al aa

1
(2) 1nL = C2 + AKOaL In PK + ALU22 In PL + AADRa In PA + InX
(3) 1nk = C3 + Achk In PX + ALC'Q'k In PL + AAUak In PA + InX
(4) 1InMc = C4 + AK 1n PK + AL 1n PL + AA In PA

(5) P = MC

The particular form of these cquations results from tlhe assumption of long-
run cost minimization with three variable ractors of production, The model is
cast in terms of derived demand functions rather than a production function be-
cause of the greater flexibility attached to the former. Known production func-
tion forns incorporating more than two factors impose the rigidity that either
all partial elasticities are cqual (the Cobb-Douglas and constant elasticity
cases) or that their ratios or differences are equal.5 Underlying the above
factor demand tquations is a constant returns to scale, variable elasticity of

substitution, producti-n function whose explicit form is unkn-.wn, and for our pur-

’An interesting and useful attempt to derive more flexible multi-factor
production functions has been made by G. Hanoch, in "Cresh Production Functions,'
Harvard University, Harvard Institute of Economic Research, Discussion Paper Number
B4, August 1969,
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poses, and unimpertant, It is unimportant because even if it were known, it
would be convenient to work with the associated factor demand equations since
these contain the partial elasticities as direct parameters. Estimating the
production function, on the other hand, would likely require estimating a host
of other production parameters in order to uncover the same partial elasticity,
The availabiliry of factor price and quantity data makes it possibie %o use fac-
tor demand velationships to infer something about the characteristics of the un-
observed production function.

Although variable in theory, the partial elasticities are assumed to be con-
stant over the observed range of the data lor estimation purposes.6 An additional
constraint on the values of the partial elasticities is a homogencity condition
%Ajoi = 0 which means that only three of the partial clasticities can be de-

3

termined independently, Givea estimates of Cra’ cki and %4 and information on

factor shares, all of the own-substitution parameters, ¢ and ¢ follow

o -

aa’ "kk’ A
from the homogencity condition,

The relationships in the basic model were used to generate .wo different

econometric specifications of the choice of factor proportions in mechanized

agriculture. These different approaches can be considered as a fumily of re-

ression models which differ according to the prior assumptions each imposes on
g p p P

b . \ . . .
The partial cliasticities have a conventional interpretation, If cij > 1,

then 1 one per cent increase in the factor nrice ratin Pi/Pj will provoke a larger
the one per cent increase in the ratio of factor j to factor i, and the share of
fact r j in total ¢)sts or proceeds will rise. Also, if cij is less than zero,

factors i and j ..r> complements in that an increase in the relative price of one
of them will cause reduced use of the other., Factors i and j are substitutes if
<,. is positive,

L Pariial elasticities arc defined and described in R. G, D. Allen, Math-
ematical Analysis for Economists, St. Martin's Press, New York, pp. 503-508.




the data, In the first approach direct estimates of each substitution parameter

c.. were obtained by substituting equation (4) into equations (1), (2) and 3)
1]

and using the homogencity condition to yield the three sets of estimating equa-

tions below,

PL . PL

(Al) 1ln X/L = C + Urn 1n 5 + M(oag - okg) in 7Y
PA FL

In X/L = C + Ukz In 5 + AL(GMz - 02.2) In PA

- PA PK
(A2) 1n X/A = C + Oal 1n 5 + AK(caR - Oka) In A
PX PK

In X/A = C + Oai In > + AA(oaa - oaﬂ) In A

K PL

(A3) InX/K = C + Cka In 5 7 AL(Gka - Okz) In PR
. . PL _ PL

In X/K = C + Oka in '-'I-)' + AK(Okk Oka) In PR

Using set (Al) as an exawple, these equations can be interpreted in the
following manner. Holding the factor price ratio PL/PA constant in the regression
rules out substitution between the factor pair of land and labor. Thus an in-
crease in the rcval price of labor PL/P implies an increase in the factor price
ratio PL/PK and the subscquent substitution of capital for iabor is picked up in
the pnsitive variation of average labor productivity X/L.

As long as factor shares Aj are considered to be parametcrs in the regression
equation, the second equation in se% (Al) must yield an identical estimate of the
substitution parwaeter SNy since it involves a linear combination of the same in-

. . . . 7 ,
dependent variables as in the first cquation, However, if factor shares are allowed

Tor s . L . .
This relationship is easy to discern. If B. represents a regression
coefficient, the first cquation takes the regression form of ln X/L = C + Bl(ln PL -

In p) + By (In PL - 1n PA). Adding and subtracting By In PA to this equation re-
sults in ln X/L = C + By (In PA - lu p) + (By + Bp)(In PL - 1n PA) sc_that the
regression form of the second equation ln X/L = C + By 1In ?é + By In g% implies
the equalities Bl = B3 and (Bl + B,) = B, must hold between the two equations,

7



to vary, and the independent variables become share-weighted factor price ratios,
the equalities above no longer hold and there is no guarantee that the alternative
forms of any equation set will yield the same estimate of :ii' Specifications
which regarded the factor shares as variable were thought to be more approbriate
since only in che special Cobb-Douglas case would one expect constant tactor shares
to accompany varving factor prices. Also, by permitting factor shares to vary

with each obscrvation, it was possible to identify more than one substitution par-
amcter in ezch equation. In set (Al), for cxample, c, s can be recovered from the
regression coefficient tor the variable ZA In %% given the point estimatc of Sy
from the regression covtlficient for PL/P,

When a stochast ¢ disturbance term is added to the diffcront equation sets
(ALY, (A27 and (A?), the cquations that have becn described can be estimated by
Ordinary Least Squares since each independent variable can be considercd as exo-
genous. The usual assumptions abcut the disturbance term are made: thay is, it
is identically and independently distributced leg-normal, and has an expectatioa
of zero,

A second approach was developed as a safeguard against some of the difficul.
ties associated with the first. A potential problem with the first regression
set (&) is that it may be subject to measurement ervors in value-added. Arnother
shortcoming is the difficulty of imposing desirable cross-cquation restrictinns
on the threce sers of estimating equations. The second coetfficient in anv set may
generate a value for cij which differs from the value for cij generated by the
first cocfficiert in some other set, Moreover, two esigimates of < are possible--
one from the values fer cij and the other from the regression itself--because al-

though homogeneity has been imposed, the estimates of cij may not imply that it

holds. Using equations (l) te (3) and imposing homogenecity tc eliminate cii
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terms, the amounts of machinery and labor demanded per unit of land can be ex-
pressed in a way that permits the direct estimation of all cij values. The

two equations are:

K PA PL
{B1 In—- = ¢ + - — DA
) A o Uka{(l AL)].YIT_;['(-} + okl{AL In PK} + Uza{AL In PL
L PA- PL
B2) Iny = C + =25 . - =} + Ia
(B2) n Cl oka{AK In T + okﬂ{ AK 1n PK} Oza{(l-AK) In L

hecause both equaiions provide estimates of the same parameters, it was
desirable te estimate both equations simultaneously under the imposed constraint
that cij have the same value in each equation. An adaptation of Generalized
Least squares (GLS) developed by Zellner was the estimating technique employed
to satisty these comditions.8 This procedure is asymptotically more efficient
than singlc-equation least squares because it takes account of zero restrictions
on coefficients occurring in other equations. The first step in applying this
procedure is tc estimate each equation separately by Ordinarcy Least Squares and
form a 2 x 2 variance-covar ance matrix based on tne residuals of each equation.

This matrix % is equal to [z o} where g, ¢ are the variances of the
uu u uu’ Tee

o] [0}
eu ee

residuals from each equation and % is the covariance of these residuals, The

. - =1, ! ' . .
inverse of Z, = is expressed as CA Oau . If (Yl, Y2) is an n x 2 matrix
1 '

g [0}
eu ce

of n obscrvations of the dependent variables, ln £ and 1n L X1 is an n x 4 matrix

A A’
of n observations of the independent variables, unity, (AL - AK) ln %%, (1 + AL - 4K)
1In %%, and (1 + AK - 4L) 1In %%, and X2 is an n x 1 vector of units, the constrained

8A Zellner, "An Efficient Method of Estimating Seemingly Unrelated Regres-
sions and Tests for Aggregation Bias," Journal of the American Statistical Assoc-
iation, June 1962, pp. 348-368,
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GLS procedure can be expressed as:

[ ] [ ! 1A [~ 1 ' =
C o X' ' '

o w® 1% OouX'p X2 O X'y Yy HO X' Y,
%2

028 = .

cka

C " 'l ' '

'

L ce“x 2 1 ceex 2 x2 Oc x R ceex'z YEJ

Elements of the diagonal of the inverse matrix above are cstimated variances of
the different paramcter estimatces,

In order to censerve on scarce degrees of freedom, the usc of intermediate
inputs was purposcly overlooked. This omission could be a potential source of
specification error biasing in either direction the measured from the true partial
eiasticity of substitution. This bias would not appear only if certain conditions
were met., If, for example, any intermediate input, denoted by the subscript I,

was added to the factor demand cquations developed above, the labor to land ratio

could be expressed as In L/A = C+ &K(3,, - 5, ) Inix + L(s,; - c_;) In BL

- ' i PA
+ AI(':,';i ) In FT In a regression equation which omitted the last term, the
expected value of the regression coefficient for the variable 4K 1n %% would be

A i . A A .
(cék -C a) + (Gli - “ai) BI where \ca - bka) is the regression coefficient ob
tained by including the intermediate input in the regression and BI is the re-
PK PI
gression coefficient for the variable AK 1n PA in the regression of AI In A o0
9 . . . . , ye=1l,.=1l, -1,

) In matrix notation this expression is B = (X'Z "X) "X'Z 'Y where X =
X1 0 |. The constrzint of equal cij values is achicved by adding the weighted
0 X

2
factor price variables in each equation. Notice that the constant terms in cach
equation remain *inconstrained,






Table 1: DPoint Estimates of Substitution Elasticities

Wheat
Regression Para- and
Specification meter Rice Cotton Corn SSS Barley
(A1) {(not share weighted) Oy 2.22 .90 i.48 .98 -.087
(Al) (share weighted) 1,59 .96 .90 .94 .03
(B) (GLS) 1 1.43 1,88 1.44 1,30 1.07
(B) (GLS) II 1.44 1.87 1.44 1,30 1.08
(A2) (not share welghted) 9 1.18 .35 .28 .12 -,83
(A2) (share weighted) I 2 3 .64 .55 .42 .02
(A2) (share weiphted) II .67 .63 .55 .20 .08
(Al) (share weighted) .67 .61 .30 .89 -.55
(B) (GLS) 1 .79 -.02 W75 .55 b
(B) (GLS) 11 .57 .54 .8C A4 .87
(A3) (not share weighted) O .25 .04 63 =,04 -4.25
(A3) (share weighted) I 2 .1.09 -1.73 -.85 .26 -1.29
(A3) (chare weighted) II ~.8 -1.72 -.80 .62 -1.19
(B) (GLS) I -.34  -.13 -.65 .13 .04
(B) (GLS) 1I -.29 -.50 ~.69 .20 -.051

Notvs: (a) Capital letters refer to the different specifications that
were desipgnated in the chapter text, and numbers refer to the specific equation
within eacn specification. See pp. and .
(b) "“sot share weighted" aad ''share weighted" refer to whether or not

rhe factor price ratios were multiplied by factor cost shares prior tc estimation,
{c) L and II refer to the different capital price and quantity concepts
that were used on pages to .
(d) The complete regression results for cach specificetion arce shown
in Tables to in the Appendix.

and about unity for cotton, corn and the combined sesame, soya and sorghum crops.
Point estimates for the other elasticities were well under one with the elasticity
between land and labor usually cxceeding that between land and farm machinery.

Most of the regression estimates produced a fairly strong and significant negative



vlasticity for the machinery-land substitution parameter sugpesting 4 complementary
relationship existed for this factor pair, perhaps as a result of machinery in-
divisibilities, Thus, a higher machinery-labor ratio will tend to be accompanied
by a higher ratio of land to labor. When poinc estimares of the difference be-
tween various partial clasticities were examined in model A, the above ranking
of the elasticities in terms of relative size continued to hold up. The ease of
substitution appeared to be highest between farm machinery and labor, next highest
between land and labor, and least between land and farm machinery.

Generalized Least Squares estimates from model B, which imposed the constraint
o equal substitution elasticities bYetween the two cquations, met with almost un-
qualitied statistical success. These estimates arce shown in Table . Except
for cotton and wheat and barlev, all of the estimated substitution parameters were
siuniricant to at least the 1 per cent level, O the 30 estimated substitution
clastivities, 26 were stgnificantly different from zero and the gain in cfficiency

. 11

over single-cquation estimates was to be expected, For all of the crops the elas-
ticity of substitution hetween fars machinery and labor exceeded one with a range
of 1.07 to '.85 and an unwe ighted averave value of 1,43, Except for cotton, the
substitution elasticity between land and laber was less than one and greater than
zero with a ranpe o1 (44 to .8, Between farm machinery and land, the substitution
clasticity was signiticantly negative for 1 ¢, cotton and corn; barely positive
oy the $8% acuresate, and Insiynificant from zero in the case of wheat and bariey.
These results conforn quite closely to these for medel A and relative stability of
the estimates between these two different mocels lends sore support for their roag-
onableness,

In view of the small number of observations emploved in these regressions, it

would be reckless to generalize these findings. Because of small degrees of freedonm,

11
It should be pointed out that there is an intractable "identification"

nhere, A value for o . i e .. .
problem A value fer ¢ i, Insignificant from zero may indicate fixed pro-
r

portions but is also convisten® with cither a bad specification or bad data,


http:estimat.es

not a great deal ot conridence can be placed in the point estimates. They should
be reparded as hiphly teatative pending additional evidence and confirmation. A
)
noticeable wWeticiency of these estimates Is that they assume cost minimization
actually occurs so that the wmeasured partial elasticities of substitution describe
only the technological | Loperties of various crops, However, if larger farmers,
vither through theiv fear or Jdislike of usiay labor, arc aot profit-maximizers,
the substitution parameters one would measure from their hehavieor would neces-
sarily be smaller than those estimated here, or would appear to lack reversibility
over time. Accordingly, it is of some interest to czamine the outcome of related
rescdroh in olher countries,
3. Results of Other Research into the Easc
or Factor Substitution in Agriculture

The empirical rvaulés of the previnus scection supporred the view of substantial
sensitivity of the fars wmachinerv-labor ratio to relative factor prices in Colombia,
Only one other attempt to investizate the matter has been made and it tends to cast
same donbt en the foregoing conclusion,  John banders has used an aggregate stock ad-
instment model to estimate a price elasticity of demand for tractors of -.10 in the
short run and -,3A in the tone run., The price variable he used was the relative
price »f tractors to lagsed crop output price and to lagged agricultural wage rates,

There mav be no clash between the carlier results and Sanders', however, if
many of his ohscrvations are on the supply curve rather than on the demand curve
for tractors. This could ocenr because ihe Colombian Agricultural Bank, the Caja
Agraria, scts, by and large, both price of tractors and quantity supplied. In this

kind of an e¢xcess demand situation, once cannot casily distinguish supply from demand

2 . , , ,
John Sanders, "Goverument Policy and the Demand for Tractors in Colombia,
1950-1967," University of Minncsota, mimeo, 1971,



responses from observed data, 1If excess demand for tractors were a typical sit-~

uation over this period, a tax up to the amount nceded to put buyers on their de-
mand curve would not reduce the amount demandod and would lend the impression of

inelastic demand.

Outside of Colombia, empirical rescarch into the case of agricultural factor
substitution has been largely confined to the United States and Western Europe,
including Britain, For the United Staves Lianos has recently sought to explain
the decline in :he agricultural labor's relative income share through the use of
a neoclassical production framework.13 Lianos ewploved time-serice data over the
period 1949-68 tor a comprehensive definition of the ayricultural sector encom-
passing both crops and livestock. Labor input consisted of man-heurs of unpaid
family members as well as paid workers. Capital was measured as the sum of ex-
penditures on feed, livestock, sced, fertilizer, repairs and cperations of capital
items, depreciation and intercst on farm mortgdee debt,  The value of this capital
concept was deflated by an index of prices paid by farmers. An averagpe cost of
loans series for agriculture was taken as fh. price of capital while the price ¢of
labor was measured by a composite rate per honr,

After noting that labor's income share has fallen by about 50 per cent between
1949 and 1968, Lianos relies on the specification of an apgregate, two-tfactor, CES
production function to explain this decline, By postulating that technical pro-
gress 1s of the factor augmenting type and can be reprecented by exponential trends,
he derives two estimating equations capable of identifying both technical change
and the elasticity of substitution c:

= ~ _PE ., - " -
1) InK/L =C + 7 1In (PK) + ({L (K)(l c) ln t

3Theodore D. Lianos, "The Relative Share of Labor in United Statcs Agri-
culture,'" American Journal of Agricultural Economics, volume 53, No. 3, August 1971.
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2) In K =C + (1 - =) la PL + W (T - 1) Int

L
where previous notation applies except that YL’ YK and t are new variables and
refer to the rdates of tabor and capital aupmentation end time respectively,
The first equation above fits the data well and generates a value for ¢ of

Lo52 while the secend cquation, when it has been transformed and estimated by
Autoregressive Least 3quares, produces a similar value for ¢ of 1,60, The first,
but not the second, cquation also suggests that technical change has been predom-
inantly labor rather than capital augmenting, Thesce results are quitc consistent

with carlicer offerts to estimate the demand elasticities for lallor and tractors

PR . . Do . 'n L )

In U.S, auricnlture., Elasticitics of labor demand, o L had been previously
14

estimated by Baner as -1,43% and be Wallace and Hoover as -1,48, Griliches, on

the other hand, had vstimated tin long-run price clasticity of demand for tractors
i p . b

~In T . LD . \ . . .
T‘T——;T. at -1.5, By Intercnce then, the clasticity of substitution between
> In ' :
o CHALD
tractors and labor, T_TTM}PT7FT)> would also be c¢lose to one and a half, a value
Lo . i

which would confor= to Lianas' results if tractors were a reasonably stable pro-

portion of his definition of retal capital expenditure,
Fo= Western FEurope the issue of factor substitution in avriculture has been

. . Sy 16 .
recently vaplored and swmmarized by Scott and Smvth, fhey consider both cross-

section data for 14H ONCD countries and time-serics information for Britain as a

/

14L. Bauer, "The Effect of Technolopy on the Farm Labor Market," American
Journal of Apricultiral Yeonemics, Angust 1969,

To wWallace and D, Hoover, "Me [ncome Effcects of Innovation: The Case of
wricultare " Jonrnal of Farnm Feconomics, Mav 1966,

Labor in &
1

=

it

Zo Griliches, "he Demand Yor a Durable loput: Farm Tractors in the United
States, 1951-37," in A, . Harberzer, od., The Demand for Durable Goeds, University
of Chicayvo Press, Laho, n. 181,
16
H

. G, Scott and D, J, Smyth, Demand for Farm Machiaery - Western Europe,
Royal Commission on Farm Hdachinery, Study Na, 9, Queen's Printer, Ottawa, Canada,
1970,
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means of i'lustreting the variability of the farm mathlnery - labor ratio T/L

. ;
to the frices of these factors., 7T is measured ¢ither as tractor horsepower or
alternatively as the number of tractors (excluding the garden varietv). A stock
concept of the number of people engaged in apgriculture comprises the variable for
labor input L. The price of labor PL is an index based on FAO data after convers-
ion to a common U.S. dollar unit. A rough index of the cost uf tractors PT was
caleulated based on tariffs and freight from Britain assuming British tractorsg
were competitive in all of the western European countrics,

The cstirating cquations used by Smvth and Seott rely on the existence of a

f; " . . - . . -B -B.~1/B
wulri-factor CES production function of the formy = A(&yhl + .. .+ anxn )
. I . T : . . ; 1
In which the elasticity of substitution between any pair of facrors is ¢ = T+ °

Assuming propertionalicy hetween favtor prices and marginal products the rario of T

r L/ + 1
o T lar pr . I . PT )
to L is given as = =i or in logs as In =~ = (¢ + 2 Ip o Fitted cross-
L LJL 2 n) L PL

sectionally to western Europe, this equation performed well and pave tise to a value
for:'of about 2. uUmvth and Scott note that the data display a positive correlation
between farm sinc and the price of labor, They surmise that this correlation re-
flects the immobility of farm labor on small farms so that market wages are an in-
adequate indicator of opportunity costs for this proup of farmers. 1In these cir-
-

cumstances, the i ratio on a small farm, or in countries with many small farms,
would be smaller than the model would predict on the basis of the relative tractor-
labor price. When average farm size becomes an additjonal variable in the regres-
sion model the elasticity of substitution is reduced in size from 2 to 1.66 - 1.71.

Another possible source of bias that Smyth and Scott consider is the possibility
of nnon-neutral technical progress. Specifically, if technical progress has been

biased toward tractors, a portion of the higher tractor-labor ratio in richer coun-

tries would be attributable to their different technology rather than entirely to
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their higher cost of labor, The impact of this effcect would oe an overest imate

of the substitution clasticity., To test for the presence of such a possibility

In T/L _ g & ln PT/PL

Smyth and Scott reformulate their model in rate-of-change terms: T T
ad lnR : ; - e
5, where R is averape farm size. 1If the hypothesis of non-neutral tech-

dt

nical change is incorrect, a regression in which the indcpendent variables are

percentage changes over time should appear with a zero constant term. 1In fact,
when this regression is tried, they find a significantly pocitive constant term
indicating tractor-using progress and a value for g of 1.43.,

Finally, when a stock adiustment version of the model is adapted to time-series
data for the perjod 1948-H% in Britain, cabstantial substitution possibilities are
also indicated, Usiny tractor horsepower, but not tractor steck, as the dependent
varjable in the reurcssien =odel produces cstimates of the elasticity of substitu-
tion between 1.l and 1,534 deperding on which tractor price variable (with or without
quality adjustment) is coproyed. Smyth and Scott feel that the 1.1 value is prob-
ably too low since it is associated with the regression in which a constant -quality
tractor price index is used and this procedure neglects the likelihood of concomitant
growth in the quality of labor services, They suggest that o is well above unity

but not much above the value of 1.5.

6. Conclusions

Unlike the introductory quotation by Nerlove, the main finding of this exercise
and partial survey is the uniformity of results. Widely variant approaches to the
problem of estimating the degree of factor substitutability in agriculture produce
escentially the same answer: the elasticity of capital-labor substitution in agri-
culture exceeds unity and is probably close to one and a half. It has been shown

that this parameter size appears to be virtually independent of the choice of time-
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period, the use of inter-country versus intra-country data or of time-serijes versus
Cross=-section information, and, as well, the degree of dggregation of output, cap-
ital and lahor apg the selection of functional forms for the production function,
Three factor variable clasticity functions #ave comparable resyleg to two factor
and multiple factor CEs formulations, It must be admitted, however, that these
comparisons have not been carried out on a Systematic basis. That is, the stabjil-
ity of = has been observed for dirferent specifications on different data sources,
Ideally, insonsitivity to aggyregation, specification, and time period should be
tested on the same data source, Until such a data Source exists it is hard to be-
lieve that ¢y, clustering of values for o about a common level is all happenstance,
The chances are that it decurately reflects the wide range of alternative dgricul-
tural techniques available for adoption at any moment of time,

If this conclusion jg accepted as being valid, it has Strong implications for
agricultural policy in dcveloping courtries., As ap cconomy develops and the price
of labor becomes eXpensive relative to commodities there are apt to be substantial
declinec in demand for agricultural labor apd high payoffs (o mobility policies
which assijst rural to urban migration, Secondly, if factor market distortions are
responsible for ap undesirable degree of capital-intensity in nonagricultural sec-
tors, it is yital on income distribution grounds that simitar distortions be avoided
in the agricultural sector.l7 Otherwisce the share of labor in agricultural income
will decline in a svctor which in many countries contains the poorest of the poor,
This trend ig observable in Colombhia and pProponents of agricultural mechanization

for that country have been gloy to relate it to the policy they advecate,

7 . .

An attempt to assess the impact of such distortions in Colombia is found
in W, Thirsk, "Income Distribution, Efficiency, and the Experience of Colombian Farm
Mechanization,” JDiscussion Paper 33 jin this serics,
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APPENDIX

l+ Partial Substituticn Elascicity Between Capital and Labor
With and Without Factor Share Weldpht s

PL PL

L 2
1 ) 4
VA L SLntQ o Inka o # R _D.W.
(1) In L
Rice  ~1.48 2,20% —RO% 13 47 1.75
(-1.19) (2.33)  (-1.87)
Cotton  .979 ,90% - 155 11 .56 2.02
(2.45) (2.95)  (-1.14)
Corn -.70 1.48% —54% 19 .27 1.84
(-.66) (2.34)  (-1.82)
588 1.12 .98% -.007 19 .67 1.04
(3.73) (5.27)  (=.04)
g&sat 3.75 -.087 B4 14 .09 2.23
parley (2:58) (-.103)  (1.03)
v 7L L. ;
(2) 1In L c In PO /A In ba e R D.W.
Rice .039 1.50%%  _ ujgx 13 .49 2.6
(.041) (1.62)  (=2.00)
Cotton  1.026 L 96% -a7% 1] .71 2.31
(5.16) (4.45)  (=2.49)
Corn 47 L90k%  _ ADI%x 19 .40 1.46
(.65) (1.63)  (=3.05)
sss 1.086 Q4% -.145 19 .68 1.19
(6.04) (5.23)  (-.30)
::33‘ 2.73 .03 584 14 .05 1.83
Barley (2:96) (.03) (.69)
Notes: (a) The form for both sets is:
' VA _ rL o C 4y ua g PL
In < = C + cki in m + (Gaﬁ bki) AA In A

In the first set the share of land %A is assumed constant; in
the second set it is ontered as a variable, € is a constaat.

(b) t-values are entered in sarentheses under cach regression
coefficient; # refers to the number of observations; R is the
cocfficient of determination, and D.W. is the Durban-Watson

statistic.

(c) SSS refers to the aggregation of scsame, soyabeans
and sorshum,

(d) For description of the price and quantity variables,
see p, 5 in the text,

(e) A sinple asterisk (*) denoteye eionifinance ot the 5
per cent level; a double asteriak (*#) at the 10 per cent
level.
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Table 2: Parcial Substitution Elasticity between Land and Labor

With and Without Factor Share Weights

v oK :
M 1A c 1In7Q  1n PA # R D.W.
Rice 1.38 1.18 .72 13 .18 1.95
(.51) (.72) (.51)
Cotton 3.6 .35 - Q4%% 11 42 2,10
%.5) (=.57)  (-1.51)
Corn 2,26 284% -, 286%% 19 .60 2.32
(5.56) (1.79)  (-3.15)
$S8 2.82 .12 ~.255%% 19 .41 1.28
(15.9) (1.31)  (-1.39)
:::ac 4,25 ~.83%%  -1.097% 14 .26 2.02
Barley (5:07) {-1.66)  (-1.95)
VA P& IS ;
(2) 1In A _C In PQ 4K 1n PA # R D.W,
Rice T  2.68 . 364 017 13 .16 2.76
(2.48) (.77) (.035)
1T 2.12 L67% .882%% 13 .30 2,93
(2.87) (2.06)  (1.40)
Cotton
I 2.48 64% 83k% 11 .79 1.97
(7.58) (5.08)  (1.72)
11 2.49 .63% 676% 11 .80 1.98
(7.80) (5.06)  (1.84)
Corn I 2.02 .55% 61Kk 17 .53 2.22
(5.55) (3.93)  (1.61)
II  2.00 .55% LS1%% 17 .50 2.21
(5.29) (3.72)  (1.30)
5SS I 2.67 42k 87% 19 .56 1.23
(16.05) (¢.47)  (3.03)
I 2.88 - .20% .006 19 31 .72
(15.34) (2.20) (.015)
S:gat I 1.58 .02 1% 13 .30 1.92
(6.09) (.10)  (2.01)
Barley ;- 3.5 .08 .951% 13 .31 1.82
(6.00) (.32)  (2.03)

Netes: (a) The format is the same as for Table 1,

(b) The regression form is:

A _ PA _
- C + an In + (oaﬁ oak) AK 1n

1n i)

PK
PA

(c) A single asterisk (*) denotes significance at the 5 per
cent level; a deuble asterisk (**) significance at the 10 per

cent level,



Table 3¢
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Partial Substitution Eiasticity between Gapital
With and Without Factor Share Weivhts

and fLand

va

PE

(1) In K © ¥ mF ¢ B pM.
Rice ~-1.81 L 25% -1.71% 13 .73 2,75
(-1.12)  (2.09) (-3.28)
Cotton 2.40 04 ~.01z 11 .17 1,81
(1.08) (.023) (-.89)
Corn 00 L63% -2,7%* 19 .82 .83
(.004) (1.76) (=3.46)
§8S 2.18 -.04 - LBk 19 W13 1.24
(16.25) (-.26) (-1.43)
f:g“‘ 10,54 4, 75% -4.,57% 13 .59 1.57
R 4,86 -2.9 (2,20
Barley (4.86) ( 7) (
VA Pl PL 9
(2) 1n_¥ ¢ dnpe o UK InPX o # P70 D.W,
Rice 1 2.05 ~-1.09%*% — Atk 13 L8 2.41
(3.38) (~1.74 (1.57
1T 3.43 ~-.95 - B78%% 13 A 2.36
(4.56) (-1.08) (-1.73)
Cetton 1 4,52 ~1,73% 3.98% 11 .75 3.26
(12.28)  (~4.03) (4.37)
1T 4,32 =1,72% 3,50%% 11 .35 1.95
(5.2) (-2.06) (1.60)
Corn 1 3.6% -.85% .87 19 .37 1.49
(8.89) (-2.34%) (.97)
11 3.58 -.80% 1.12 19 A 1.80
(8.97) (-2.21) (1.24)
§8S 1 .563 L26%% ,9h% 10 A 1.38
(4.558) (1.43) (z.21)
11 1.96 hH2* .34 19 40 1.66
(12.12) (2.5 (.79)
::3“t 1 2.44 ~1.286% 2.43% 13,78 2.00
Barle (5.92) (-3.05) (5.11)
arieyir 3.8 -1.19% 1.03* 131,51 1.85
(8.51) (-2.59) (1.99)
Notes: (a) The fnmmat is rhe same as for Table !,
(b) The regression form of set (1) is:
L K G . .o PL
In K ¢+ %a In &8} + (Jka - Lkﬁ) 4L 1In PR’
for set (2) it is:
ya . PL , PL
1n K €+ “ka In PO + (dkk b Oku) AK 1n K *
(¢) For set (2) two repressiops were run:  one using the

tractor rental for PE (1), and the cther usine a weiphted
rental orice for all rmachinery (J1) (e pages
tedt).

ded o in the

(d) A single asterisk (%) donoter aignificance at the S
per cent level; a deuble asterisk (%) ot the 18 per cent
level.
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Table 4: Constrained Simultaneous Estimation of
Partial Substitution Elasticities

Parai t+ers

Crop Ukk _Sg&_ Uka
(28.6) (4.16) (-2.13)
I1 1.44% S7% -.29%
Cotton I 1,88% ~,02 -.13
(29.3) (-.0013) (-.60)
II 1.87% «S4% -.50%
(29.2) (2.29) (-3.29)
Corn 1 1.44% . 786% ~.655%
(30.6) (2.55) (-2.17)
II 1.44% . 80%* -.687%
SSS 1 1,30% W 35% 133%*
(11.8) (5.34) (1.33)
I1 1.30% JA4% « 20%%
(40.6) (3.33) (1.63)
Wheat and T 1,07% bk .04
Barley (12,74) (3.60) (.028)
II 1.08% J487% -.051

Notes: (a) The estimation method is constrained Generalized Least
Squares (see pages 10-11 in the text).

(b) (I) refers to the use of tractor rental prices for PK
and (II) to a weighted average of all rental prices.

(c) t-values are in parentheses below each coefficient.

(d) A single asterisk (*) denotes significance at the 5 per
cent level; a double asterisk (**) at the 10 per cent level,
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