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.se of Factor Sibst it t ltion in Agriculture 

Econometr ic estimat ion of a particular economic parameter has often left 

us with a disturbingiv ,:Jdv ran.gle of results from which to choose for empirical 

appl ication. ''he. W idth Of L:hI available range is perplexing because the con-

Clusions of theorcti'al analysis are usually sensitive to the .size of important 

paramn-ters. Uncertainty of this kind hinders the contribution of economic theory 

to public policy debate. Moreovcr, the development of theory itself is retarded 

a,; contending schools of tigiht are created on the basis of differing assump

tions about SpecifiC para:L,,ter3. 

Nowherv is this problv.t M::orv evident than in the eotimativn of the elasticity 

of factor substitutiot. Issues, involving the nature ano significance of struc

tural unem:plovymeit, the seriousness of unique factor supply constraints on eco

nomic growti, and the e:.:planation of changed factor shares of total income have 

all relied on an inability to achieve agreement about the ease of factor substi

tution. In the nona,?rictlturat sector(s) within the past ten years a prolifera

tion of attempts Lo :neasure the elasticity of factor substitution has brought 

matteri no nearer to resoltitLon. :-)n a comprehensive assessment of these efforts 

Nerlove concluded somewhat gloomily that "The major finding of this survey is the 

diversity of results: e'.',.n slight variations in the period or concepts tend to 

produce drastically different estimates of the elasticity." Nothing I am aware 

of has happened since 1967 to overturn that judgment. 

In the agricultural _-ector, however, the news is more cheerful and a consensus
 

Marc Neriove, "Recent Empirical Studies of the CES and Related Pro

duction Functions," The Theory of Empirical Analysis of Production, Studies in 

Income and Wealth, Volum.e 31, National Bureau of Economic Research, 1967. 
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on the ease of factor substitution appears to et: emerging. The weight of avail

able evidencet, presented here .uggests the elasticity of substitution in agricul

ture exceeds: no it' and is closer to rne and a half. The main goal of this paper 

is to d(SCribO thte outcomQ of an attempt to estimate substitution elasticities 

by crop for Colombian agriculture uSin, a rather narrow data base. A subsidiary 

ambition is to compare these result's with those that have been estimated from 

data for other countries and which employ alternative methodologies. 

1. Data Source for the Colombian Case 

The in for,:iation required to estimate factor substitution possibilities was 

extract,.d from detailed individual farm records collected by the Colombian Land 

Reform Agency INCORA.- These records or Jatrones are used to evaluate the pro

duction perforrianc, of different farm t.nits and different crops in the various 

land reform dist'icts. 

It was possible to obtain information over a reasonably wide range of crops 

with this NCORA dat4i. In arditon to rice, cotton and corn, results were ob

tained for Veat a.'nd b:rley inad all ag..p.c.!ate crop combination labelled SSS, .'e

presenting puoed obsurvation:. on seame, soyabeans and sorghum. Wheat and 

barley were also combined becau.s:e of the simiiarity in their production process 

and the relatively small numbers of observations for each separate crop. 

The data consii;ted of a cross-section sample drawn from different geographic 

areas of the country in 1968. IegJona[ variation in factor and product prices 

and individual farm differences in risk attitudes and itmobile factors such as 

soil type and manag,,ment were relied upon to identify production surfaces for 

each crop. Since factor and product prices can be taken as exogenous at the 

2NCORA stands for the Instituto Colombiano para la Reforma Agraria. 



ILvl 1 of the sing oc farn unit , Ord i nary Least Squares wert, used for e.stimation
 

-o
rpose s along with (;ei ral i,'.d Least Sqtuares in those cases where sinultaneous
 

11.'3"et0,r L';t i at;O:i w as alttemptled. Each record provided pI)rel:i:se information
 

on thv of lng crop produced per hectare in the season and
quantit\, . 1e outp ut 

th,, price rc -iv.d for this output. Information on intermediate input use per

.ittd the const rct ion of value-added s ries per hectare. Amounts of the various 

. pe" heLctare a1o,, with their prices were alks6,Ava lable. From this inform

at io it .,aspssiblo to derive measures of the share of each factor in total fac

tar cost. Labor input was measured in man-days and the price of labor was the 

"wage rate paid. Land rents paid formed the variable for the price of land. 

"he olVy major data concern was the specificat., n of the ca" ital var able. 

The price of capital was simply the rental rate paid for the use of tractors, 

co.m,,bines and spr..' planes. Because of limited degrees of freedom, it was neces

sary to develop some method of aggregation for the different componentS! of farm 

machinerv t'sed. ideally all three machinery rental prices should have been used 

independenly to e.xptain 'Ieflat vd capital expenditures per hectare. 3 instead, two 

different p.'ocedures were followed. One me2thod involved deflating capital expend

ituros by the rental price of tractors to convert the capital spending aggregate
 

tu equivalent tractor-hotrs and then using the same tractor rental price as the 

price of capital. This procedure was less than satisfactory because it ignored 

variation in the other machierv rental prices but was used, nevertheless, because
 

most of the mec'anized observations employed only tractors. The second alternative
 

considered capital expenditures deflated by an index of all the rental rates as
 

the measure for the real quantity of farm machinery used, and took the same weighted
 

3 Since capita! is demanded for its physical services, it is a measure of
 
real capital that should enter the production function.
 

If,
 



avera.ge of 1' machinery rentat pr iceCS as OR' price, of capital withl Ole weightsOW ciiiS1 Suc astv-c . 

dett-ri,,iined hv tilt- shial-v 0f 'ZaCh typeV Of 1,ach-Iinery17 ill CaPPIII, S:); I .n _. The prob- -.
 

.eawith thnis approachl was that it tilv'a.s,Ilred 
 aill it 4,7,,fL! ftfvi|rent iiaf. ji lle -•.. 

beVtween1 1.h0 u11.e 1) a res or tr ac to rs i n app)Ly ing,. In i v"c t ic c.: .//,k
 

Tw,. other, -;hortcomings of thje datl a 
 v IIISo bi. :-It'lILt Olled, fq.itll:.- e 12 ata 

are r,,,. t ric ted t o farmi tunihs normal.1, ocKcupy il,] : t a .. 0 11CCtal't., tLi''' [
 
nv)i'trante the restir woutd descr be fac t 
 r ad , o t aer weh
 

f a tto.-ine b t.eia 
 e l f . h forpsew!ofr [t '. . "i '.. s n,.trithber of ob

t emr vaw iots for any 
 trehp ..1a thY. tc if r aof.! t r f .,negor-a k. ra Izll these 

r,.,stlts to a 1, " triivrsc. Ier T " t, t nt [l't he ot.t. ," ........ 
 . .. t. para

beters for various cropses orr ha:t,pered 'i thepI in irtions C4L 
 avai1

able for each crop.
 

2. S: eci ti omaliv upariabl!, an P a 2'rt:r:te,,rr
 

Giv{n the ex is tence of erosn t l t: td 
 t ., o , ,,fc ..ong-rum 

factor substdltut10n model !'(117ose.p 6d approp'i v.;t i:'.*!Itf1,lK p roe.. A t re 

factor product "on lyode]. ,.a,; take aste'"t n!::j..,,i, "approach for examining
 
tr, ease of 
 st, -titx, ion ai ong different pair 4 of th fact,_,rs: land, labor and 

farm, machinery, An.I af'rnativv proc,,d.ire ,of anal .... ,in a two-factor relationsfip 

4Conpari.sonr. wt the so , re.res: i Wrat io.,.)n indicated that dirvet 
parameter estirates cere noa hih: surs.;tive Lo tilt- c ikc.e of one or the other 
specificaion There sucemedpn.ensitivltv, to be two reasons for thioemployed machinery Sott.r tan tractors, Few farms

and a rtIativond '1h tractor rental Tiri(.'e
 
wa sual~v associat ,- with rulativeLv . ", ",~ivuta 1. Ic fo te ypes of
ron~ , 

mach inery. Thus,' !:" was h~ardly ever the caseset by a low ra:ibKt, rental as an inlfro u.,nct C that a iih tractor rcnta!, was off 0on tta[. cani.ta speni, o that
fractor rentals served as an adequate p .. p*ti. costs i r hose 
 cases where46G,machinery* parameter etP'~ates wer not hi~;h~v suns it lyeurme co-prisnr Meore than o u ci~c f oe o h t eIe ohe i l t:oa o 

tes o e r ao i 

http:avera.ge
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involving only labor and farm machinery appeared unnecessarily restrictive since 

it 1 would require assuming that land was either strictly complementary to the use 

of the other two factors or was equally substitutable for either. If either of 

an attempt to explain the farm-machinery/laborthese assumptions were inaccurate, 

ratioWbv relative capital-labor prices would be unsuccessful whenever there was
 

to the price of either of the other
 ..ignificanL variation in the price of land 

to assume that all farms either operate ontwo out-puts. However, it is necessary 

the sami: producrion.function or, if not, that differences in efficiency are factor 

input position. Poor
neutral and that each observation represents an equilibrium 

occur to the extent these assumptions are unmer..f it's' will 

are listedIl'e variabltas and parameters employed in the regression analysis 

below alom with tLilir definitions. The input levels for labor and machinery 

refer to thel entire span of agricultural operations from initial land preparation 

to harvest. 

A = land, measured in hectares 

L - labor, measured in man-days per hectare 

K real capital input, measured as total machinery expenditures deflated by 

sorm-e comb thation of the rental prit!es of farm machinery 

PA= land rental per hectare 

P'L = daily wage rate
 

PK = rental pric, paid for the use of farm machinery
 

I= share of input j in total costs, j = A, L, K
 

XC = marginal cost of production
 

PF = output price
 

X = vat.ue-added measure of output
 

C = regression constant
 

In = logarithmic operator 
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ij = partial elasticity of substitution between factor 
I and 	factor j.
Cj = a.. O, and ., 0 are a 	 priori restrictions on the values 
ii i 11 

of the partial elasticities. 
The syrmnetry restriction a.. 
= .. 

was 
a maintained hypothesis 
in the estimating equations of the 
re
gression models below.
 

3. Specification of the Model and Estimating Equations 

The basic model is described by th.ee factor demand equations, a marginal
 
cost 	 equation and an cquilibrium condition between price and marginal cost.
 

(1)1nA = CI + KOak in PK + ALWaZ In PL + LA In PA + In X 
(2) 	 InL = 
 C2 + AKTa, in PK 
+ ALO kIn PL 
+ AAG a In PA + In X 
(3) 	inK 
- + AKkk In PK
C3 	 + ALa k In PL 
+ AAOak In PA 
+ In 	X
 

(4) 1nMC = 
 C4 + AK In PK + 
AL In PL + 
 AA In PA 

(5) 	 p " MC
 
T1hie particular form of 
 these equations results from the assumption of long

run cost mini!:ization w,.ith three variable facto'rs of production. The model is
 
cast in ter,'is of derived 
 demand functions rather than a production function be
cause of the greater flexibility attached to the former. Known production func

tion forrs incorporating more than two factors impose the rigidity that eitherall partial elasticities 
are equal (the Cobb-Douglas and constant elasticity
 

cases) or that 
their 	ratios 
or differences 
are 
equal. Underlying the above
factor demand equations is 
a constant returns 
to scale, variable elasticity of
 
substitution, producti:,n function whose explicit form is unkn..,n, arid for our pur-

An interesting and useful attemptproduction 	 to deri've morefunctions has been made by 	
flexible multi-factorG. Hanoch, in "Cresh ProductionHarvard 	 Functions,"University, Harvard Institute of Economic Research, Discussion Paper Number84, August 1969. 
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poses, and unimportant. It is unimportant because even if it were known, it
 

would be convenient to work with the associated factor demand equations since
 

these cont-ain 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 availability of 
factor price and quantity data makes it possibie to use fac

tor domand relationships to infer something about the characteristics of the un

observed production function. 

Although variable in theory, the partial elasticities are assumed to be con

st:ant over the observed range of the data ior estimation purposes.6 An additional 

constraint on the values of the partial elasticities is a homogeneity condition 
3 
ZAj = 0 which means that only three of the partial elasticities can be de

j j
termined independentlvy. Given estimate,; of 7ka' k an 

tekia and 7,,and inforriation on 

factor shares, all of the own-substitution parameters, aaa, Ckk, and c;,, follow 

from the homogeneity condition. 

The relationships in the ba.-ic model were used to generate t.wo different 

econometric specifications of thie choice of factor proportions in mechanized 

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

gression models wiich differ according tc the prior assumptions each imposes on 

bThe partial lasticities have a conventional interpretation. If C.. > 

then i orie per cunt increase in the factor price rati- Pi/Pj will provoke a larger 
th(, one per cent increase in the ratio of factor j to factor i, and the share of 
fact rj in total ( )sts or proceeds will rise. Also, if a.. is less than zero, 
factors i iTrW j -. r2 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 
i. is positive. 

Par;:ial elasticities are defined and described in R. G. D. Allen, Math
ematical Analysis for Economists, St. Martin's Press, New York, pp. 503-508.
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the data. In the first approach direct estimates of each substitution parameter 

cij were obtained by substituting equation (4) into equations (I), (2) and (3)
 

and using the homogeneity condition to yield the three sets of estimating equa

tions below. 

PL 	 P
(AI) in X/L C + 	 kz In - + AA(oaY - ak.) i PLJ'A
 

In X/L = C + a In 	 PA + gL(C - C ) n PL
 
SP ' in PA
 

(A2) In X/A C + Oa In -- + AK(a - ka) 1n PK 
P aPA
 

in X/A C + O In -- + AA(o - a ) In PK
 
aZ P aa a9. PA
 

(A3) ln X/K C + CY InPK + AL_ - ak) I 	PL
 

PK

In /K=C+ + akka inin- -- +A(kk-+ AK(a - a) in PLin X/K = C 	 ka) PK 

Using set (Al) as an exaipple, these ecoations can be interpreted in the
 

following manner. Holding the factor price ratio PL/PA constant in the regression
 

rules out substitution betaeen the 
factor pair of land and 	labor. Thus an in

crease in the real price of labor PL/P implies an increase in the factor price 

ratio PL/PK and the subsequent substitution of capital. for labor is picked up in
 

the -;itive variation of ave':rage labor productivity X/L. 

As long as factor shares Aj are considered to be parameters in the regression
 

equation, the second equation in set 
(AI) must yield an identical estimate of the
 

substitution parLneter U,,, 
since it involves a linear combination of the same in

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

7 This relationship is easy to discern. If Bj represents a regression 
coefficient, the first e'quation takes the rt.gression form of In X/L = C + BI(In PL -
In p) + B2 (in PL - In PA). Adding and subtracting BI in PA to this equation re
sults in In X/L = C + B1 (in PA - In P) -- (BI + B2)(ln PL - In PA) so that the 
regression form of the second equation in X/L = C + B3 In P + in PL implies 

the equalities B1 = B3 and (B1 - Bt- = B4 must hold between the two equations. 
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to vary, and the independent variables become share-weighied factor price ratios, 

the equalities above no longer hold and there is no guarantee that thu alternative 

forms of any equation set will yield the same estimate of 7... Specifications1.J 

which regarded the factor shares as variable were thought to be more appropriate 

since only in che special Cobb-Douglas case would one expect constant iactor shares 

to accompany varying factor prices. Also, by permitting factor shares to vary 

with each observation, it was possible to identify more than one E:-lbstitution par

ameter in ecch equation. In set (AL), for example, 7a; can be recoverel from the 

PL 
regression coefficient for the variable !.A In PL given the point estimatc of k 

from the regression coefficient for PL/P. 

When a stochasi,ic disturbance term is added to the diffctrnt equation sets 

(A!., (A2) and (A"), the equations that have been described can be estimated by 

Ordinary Least Squares since each independent variable can be considered as exo

genous. The usual assumptions abcut the disturbance term are made: thai is, it 

is identically and independently distributed log-normal, and has an expectatioa 

of zero. 

A second approach was developed as a safeguardl against some of the difficl. 

ties associated with the first. A potential p-'oblem with the first regression 

set (A) i6 that it may he subject to measurement errors in value-added. Another 

shortcoming is the difficulty of imposing desirable cross-equation restrictions 

on the three sets of estimating equations. The second coefficient in any set may 

generate a value for a.. which differs from the value for c.. generated by the 

first coefficiert in some other set. Moreover, tvo estimates of 7., are possible-

one from the values f-r a.. and the other from the regression itself--beca.ise aL.LJ
 

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

holds. Using equations (1) to (3) and imposing homogeneity to eliminate c..
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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 a.. values. The
 

two equations are:
 
K +°ka(l-L PA} + k{L L-}+Oa-}


(Bi) InA C + O{(iAALInL-}++r PL InLA
A 0 ka rPK k ,J PK k~AL nPL

(2 nL CP AKI A, PLP 

(B2) in = C1 +k{AKn~~ + a f(-AK In a} + a fa(1-AK) In PA-}
A 1 a 2
K PK ,a PL
 

Because both equaLions provide estimates of the same parameters, it was
 

desirable to estimate both equations simultaneously under the imposed constraint
 

that 7ij have the same value in each equation. An adaptation of Generalized
 

Leat .cuares(GLS) developed by Zeliner was the estimating technique employed

8
 

to satisly these comditions. This procedure is asymptotically more efficient
 

than single-equation least squares because it takes account of 
zero restrictions
 

on coefficients occurring in other equations. 
 The first step in applying this
 

procedure is to estimate cach equation separately by Ordinary Least Squares and
 

form a 2 x 2 variance-covar ance matrix based on the residuals of each equation.
 

This matrix 7 is equal to Fr aeu where auuc are the variances of the
 

t eu ee 

residuals from each equation and a is the covariance of these residuals. The
eu
 
-1.l
 

inverse of Z, Z_ is expressed as [a %u " 
* If (YIP Y2 ) is an n x 2 matrix 

lfeu eej 
K L 

of n observations of the dependent variables, in - and in L, X is an n x 4 matrix 
A A' 1 

of n observations of the independent variables, unity, (AL - AK) In L, (I+ AL - LK) 
PAIn PL and (I + tK - LL) lit- PA, and X is an n x I 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: 9 

SOuX' X1 euXl X2 %uX' 1 Y1 + aeuX', Y2
 

0k£
 

0ka
 

C1 °euX 2 1 Oee2 2 	 0 eu'2 Yl + aeeX 2 Y2
 

Elements of the diagonal of the inverse matrix above are estimated variances of
 

the different paramnter estimates. 

In order to conserve on scarce degrees of freedom, the use of intermediate
 

inputs was purposely overlooked. This omission could be a potential source of 

specification error bias ing in either direction the measured from the true partial 

tlasticity 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 equations developed above, the labor to land ratio 
- In PK 

could be expressed as In L/A = C + AK(a 2 , 	 - C ) in -- L( - ja) in PL 
~ ka PA '/ a, 

PA 
+ i ai n P In a regression equation which omitted the last term, the 

expected 	value of the regres S4on coefficient for the variable LK in EK would be 
PK 

AA 

k - k a+ 7 ) B where (" - ka ) is the regression coefficient ob

tained by including the intermediate input in the regression and B1 is the re-
PK PI 

gression coefficient for the variable AK In L- in the regression of 	Al in P- on
 

9 In matrix notation 	 this expression is B = (X':- X)- x'2 -IY where X 
" 
S0 . The constraint of equal c.. values is achieved by adding the weighted
 

3.j) 

factor price variables in each equation. Notice that the constant terms in each
 
equation remain inconstrained.
 



n LLn. and In Therefore, no bias would appear if an,'-A one of three' PA PA*
 
conditions could be established. If al = 'ai so 
that intermediate inputs were
 

cither strictly complh:..L'tary with or equally substitutable for other factors,
 

1f-t-_covariancve of- .. n. 1 and -,K In -L were- zero, the- omiss ion of itrPA PA
 
tiVdiate illpLts would not bias 
the size of other parameter estimates.]O
 

4. Regression Results
 

Table I presents the point estimates of the partial elasticities deriod
 

fr,,.: regressions on 
 the INCORA data. The complete regression results appear in
 

Tables to in the Appendix. It is obvious that all of the crops analyzed
 

diJ not fieet with equal success. Rice and cotton wore consistently the best per

,.
:...,r in all cases with the trio of sesame, sova and sorghum not far behind. Corn 

corn had a mixed record, performing well in some cases and badly in others. Whheat
 

and barlev were exLremelv erratic and not much confidence could be placed in any
 

of tie results for these crops. 
 The combined crop regressions usually fared worse
 

than most of the individual crops, tending to indicate the importance of different
 

factor substitution relationships among different crops. Although the overall re

sults were somewhat mixed, the fact that the most heavily mechanized crops pro

duced plausible results was considered a small partial victory over 
the problem
 

of small samples.
 

The partial elasticity of substitution between farm machinery and labor was
 

invariably higher than the elasticities between other factor pairs in model A.
 

Point estimates of a7k, 
 for various crops gave significant values of 1.59 for rice
 

It is difficult to guess at 
 the likely direction of any bias. If the
covariance term is positive, and if 
intermediate inputs arc 
a better substitute

for land 
than for labor, the partial elasticities estimated from the per hectare
regression forms downwardly frommay be biased their "true" values. 
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Table I: Point Estimates of Substitution Elasticities
 

Wheat
 

and
Regression 	 Para-

meter Rice Cotton Corn SSS Barley
Specification 


-.087
(Al) (not share weighted) akZ 2.22 .90 1.48 .98 


(Al) (share weighted) 1.59 .96 .90 .94 .03
 

(B) (GLS) 1 	 1.43 1.88 1.44 1.30 1.07
 
1.30 1.08
(B) (GLS) II 	 1.44 1.87 1.44 

~------

(A2) (not share weighted) aka 1.18 .35 .28 .12 -.83
 

(A2) (share weighted) I .36 .64 .55 .42 .02
 

(A2) (share wei ,hted) II .67 .63 .55 .20 .08
 

(Al) (share weighted) .67 ,61 .30 .89 -.55
 
.55 .44
(B) (GLS) I 	 .79 -.02 .76 


.57 .54 .80 .44 .87
(B) (GLS) ii 


-.04 -4.25
(A3) (not sha:'e weighted) Gka .25 .04 .63 

.26 -1.29
(A3) (sha-e weighted) I -1.09 -1.73 -.85 


(A3) (-hare weighted) II 	 -.85 -1.72 -.80 .62 -1.19 

-.34 --.13 -.65 .13 .04(B) (GLS) I 
-.69 .20 -.051(B) (GLS) I 	 -.29 -.50 

::ts (a) Capital letters refer to the different specifications that 

refer to the specific equation
were designate(i ;-n Lh,, chapter text, and numbers 

within eacri sp,,cificatLon. See pp. and
 
refer to wliether or not

(b) 	 ":'ot !:hare weighted" aad "share weighted" 
te estimation.

the factor priCe ratios w:ere multiplied by factor cost shares; prior 

1 and I rL,.fer to the different capital price and quantity concepts
(c) 


na ;es tothat were used on 

(d) Vhi" complete regression results for each specification are shown 

in Tables to in the Appendix. 

for cotton, corn and the combined sesame, soya and sorghum crops.
and about unity 

Point estimate5 for the other elasticities were well under one with the elasticity 

labor usually exceeding that between land and farm machinery.
between land and 


regression estimates produced a fairly string and significant 
negative


Most of the 
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elasticity for the machinery-land substitution parameter suggesting a complementary 

relationship existed for this factor pair, perhaps as a result of machinery in

divisibilities. Thu;, a higher machinery-labor ratio will tend to be accompanied 

by a higher ratio of land to labor. When poinc estimars of the difference be

tween various partial elasticities were examine:! in model A, the above ranking
 

of the elasticitie~s 
 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 

of equal substitution elasticit ie. between the two equations, met with almost un

qualitied statistical succLsS. These estimates art shown in Table Except
 

for cotton 
and wheat and barley, all of the estimated substitution parameters were 

significant to at Nst the _U per cent level. Of th'e 30 est imated substitution
 

elasticities, 
 26 were sjnificantly different from zero and the gain in efficiency 

over ning -equation estimates was heto expected.11Fo all of ther ccops tlhe elas

ticity if substitutioi between farm a'hinerv and labor exceeded one with a range
 

of 1.07 to l.0Sh and an unwuight.d avera.,e value of t.43. 
 Except for cotton, the
 

substitution elasticity between 
 land and labor was less than one and greater than
 

zero with a range ,i .44 to .8. 
 Between farm machinery and land, the substitution 

elasticity was '.i.nificanti: neative for i 
e, cotton and corn; 
barely positive
 

or the SSS aggregate, and ".ninifcapt fro:m zero in the case of 
wheat and barley.
 
These results confcorm quite closely to those 
for model A and relative stability of
 

th estimat.es between these 
two different models 
lends sorme support for their reas

onableness. 

In view of the small nmber of observations employed in these regressions, it 

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

It should be pointed out that there is an intractable "identification,,problem here. A value for a ,inslyn".ficat from zero may indicate fixed pro
portions bst is also convisten. with cit,.r a bad specificaition or bad data. 

http:estimat.es
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not a great deal of confidence can be placed in the point estinates. They should 

be regared as highly tentative pending additional eidenc, and confirmation. A 

noticeablc det ic itnc'.' of I.hets estimates is that they a';sumu cost. minimization 

actual 1v occur; so that th, ma.survd part ial olast W it it; of s'xbstitut ion describe 

onil 	 ti technloagical .operties of variouus crops. Ilowtvtr, if larger farmers, 

v.ther firoun, the ir fetar or di:s[iko of ,sing labor, art not profit-maximizers, 

the substitution pramtur.s one would measure from tluir %ehavlorwould neces

sarilv be s5al ley than those estimated iere, or wouLd appear to lack reversibility 

o'er 	time . Acc,.rdiu,,Ly, it is of som,e interest to u:-:amn ' the outcome of related 

r.suar-h in .it. coL t tie ., 

5. 	Results of Uther Research into the Ease
 
or Factor Substitution in Agriculture
 

The empirical ruh..Lts of th. pruvions section suppr ted the view of substantial 

sensitivity of th, farn "aci in.rv-labor ratio to rviativu factor prices in Colombia. 

OnI, on. other ,itv:'pt to investi:,ate the matter has been made and it tends to cast 

some doubt M1 the FIor.oin4 ,oLie USi . John 'ae vr, has used an aggregate stock ad

jistment mode! t vy timnaLc a price ela,,ticitv W. demand for tractors of -.10 in the 

short run and -.36 in tHe Ien run. The price variable hr used was the relative 

price ,f tractors to lag;ud crop output price and to lagged agricul tural wage rates. 12 

There mav b' no clash between the earlier results and Sanders', however, if 

man.' of his observations are on the supply curve rather than on the demand curve 

for tractors. This could occ,,r because the Colombian Agricultural Bank, the Caja
 

Agraria, sets, by and large, both price of tractors and quantity supplied. In this
 

kind of an e::cess demand situation, one cannot easily distinguish supply from demand
 

12John Sanders, "Government Policy and the Demand for Tractors in Colombia,
 

1950-1967," University of Minnesota, nimeo, 1971.
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responses from observed data. 
 If excess demand for tractors were a typical sit

uation over this period, a tax up to the amount needed to put buyers on their de

mand curve would not reduce the amount demandd and would lend the impression of 

inelastic demand.
 

Outside of Colombia, empirical research into the case 
of agricultural factor
 

substitution ha been largely confined to the United States and Western Europe,
 
including Britain. For the 
 United States Lianos has recently sought to explain 

the decline in :he agricultural labor's relative income share throutgh the use of 

a neoclassical production framework. 13 Llanos ewpLo%.ed t im-serie- data over the 

period 1949-68 for a corprehiensy've deflintion of the a,;r L:.It ira! sector encom

passing 
 both crops and .ivs ock,. Labor input consi:;tcd (- 'ian-iiours o! unpaiA
 

family members as well as oaid workers. Capftal was measured as the Su:!1 of ex

penditures on feed, 
 livestock, seed, fertil!;.er, ro.pairs and opi..rat.ions of capital 

items, depreciation and intere,::t on farm ortga, debt. The value of this capital
 

concept was deflated by an index of prices paid 
 by farmers. An avCrag1e cost of
 

loans series for agriculture was taken as th..: price 
of capita] while the price cf
 

labor was measured by a composite rate per hour.
 

After notinTg that labor's income 
 share has fallen by about 50 per cent between 

1949 and 1968, Lianos relies on the specification of an av, reilate, two-factor, CES 

production function to explain this decline. By postulating that technical pro

gress is of the factor augmenting type and 
can be represented by exponential trends, 

he derives two estimating equations capable of identifying both technical change 

and the elasticity of substitution c: 

1) ln K/L = C in (-L ) + ('l " "K)(I - ,) In t
 
PK L K )I
 

13Theodore D. Lianos, 
"The Relative Share of Labor 
in United States Agriculture," American Journal of Agricultural Economics, volume 53, 
No. 3, August 1971.
 

http:fertil!;.er
http:ewpLo%.ed
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2) tn .. K = C + (I - OI + tPL 'yL 

wlire previous n0tat in app! ies except that Y "yK and t are new variables and
 

refer to the rates 
 of labor and capital augmentation End time respectively. 

The first equation above fits the data well and generates a value for a of
 
[.52 while the sec e:ld Uquation, vdien it has 
 been transformed and estimated by
 

AuLorercsjivt, 
 LVa.;t Sqares, produces a si.milar value for : of 1.60. The first, 

bht not the. s econd, . eqt:i t ion a!so suggosts that: technical chang, has been pr.dom

inmaL lv labor rather than capital augvmenting. These results are quite consistent 

.ith earl ier oIfforts tI I t'sti:ma t the demand .lasticitics for labor and tractors 

in U.S. a4r ic,, toreF. ELast iciti'.S of .labor demand, had been previously
 

Q', t ima t.d byar as -. 
 and b,. Wa lace and Hoover as -!.48. (;r i I ,.ches , on 

the oth.r band, ad ,,.st :-.at,.,! t 1! long-run pr iC e la:st ic ity of demand for tractors, 
1n T i 5 
L inP, at - I . 5 . Lv -; cr_ nce tiln, the e lasticitv of substitution between 

I! I(I /,LItractors and labor, 7---' %u iold al.so bec clOSe to one and a half, a value
 
which wo IId con fOr, 
 to !.lanos, reslts if tractor,; .,7cre a r,..asonably stable pro

port ion of i;i' d'ini tion., of rotal car.itall ,c:penditirre. 

Fo- 'tsL1 lr le isme(- of factor subt ;LtuLtion iii a4riculture has been
 
recently c..:plor,.! arnd ;,i:ariz'd 
 by Scott and S:vth.16 They consider both cross

section data for 16 (.("D coiniri.es and tine - series information for Britain as a 

L. Fa uwr, "'i!,. Effect of Teclinology on the Farm Labor Market," American
Journal. of A, ri, 1! o.( ics, Ang,,st 1969.


7 1 - i. 1 . ;iao,.er, '"t! income Effects 
 of Innovation: The Case ofLabor in V r ic, r ,:r1onil of Far::, I~cononrlcs,May 1966. 
Z( G.- *;,  *-and :_.or a Dmirable input: Farm Tractors in the United 

States, [ti -5 in A. C. !arber:.,,r, ed. , The Demand for Durable Goods, University
of Chicav, Prs;, 1, ), . 1).,1. 

1H. G. Scott and D. J. Smyth, Demand
Royal Co-7n issLon on 

for Farm Machinery - Western Europe,Farr.7 Mach inery, Study No. 9, Queen's Printer, Ottawa, Canada, 
1970.
 

http:coiniri.es
http:S:vth.16
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means of i'lustr;.ting the variability of the farm ma-'hiery - labor ratio T/L
 

to the 
 [ ices of these factors. T is measured either as tractor horsepower or 
alternatively as 
the number of tractors (excluding the garden variety). 
 A stock
 

concept of the numbr of people en ,,aged in agriculture comprises the variable for 

labor input L. 'Thvprice 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 of tractoeos PT was
 
calculated based 
 on tariffs and freight from Britain assuming British tractors
 

*,ere corqpetitivc in all of the 
western European countrius.
 

T!he est is-at ing _quat ions used 
 by Smyth and Scott re'., on the existence of a 
S.u I i factor C!S ro ju c io n f nc t ion of the form Y A( !X ++ -B )- /B 

in which the elasticity 
D, n 

of subs t it.t, ion between any pair of factors is -


Assumin4 proportionalicv hetwi:n fattor prices 
 and mar ina] products the ratio of T 
- I/I -4- Bto ,.is givenI asI s Y or in log, as in - C .-- in - Fitted cross

':1,PL'L PLsectionally to western Europe, this equation performed well and gave ri'e ato value 

for7 of about 2. LPmvth and Scott note that the dat:a display a positive correlation 

between farm size and the price of labor. Thoy surmnise that this correlation re

flects the imobility 
of farm labor on small farms so that market wages are an in

adequate indicator of opportunity costs 
for this group of farmers. In these cir

cumstances, the 
f 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. 
 Whea average farm size becomes in additional 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 non-neutral, technical proglress. 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 effect would .oe an overestimate 

of the substitution elasticitv. To test for the presence of such a possibility

d in T/L a .d In PT/PLSmvth and Scott reformulate their model in rate-of-change terms: d dt
 

dt dt
 
a d In R 

dt Rwhere R 4s average farm size. 
 If the hypothesis of non-neutral tech

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

percentage changes over time should appear with a zero constant term. In fact,
 

when this regression is tried, they find a significantly positive constant term
 

indicating tractor-using progress and a value for a of 
1.43.
 

Finally, w:hen a stock( aditisiment version of 
the model is adapted to time-series
 

data for the period ini4-K ,riLtain, -. bstantial substitution possibilities are 

also indicated. sim, ,ract)r horsepowcr, but not tractor stock, as the dependent
 

variable in th., r:,4rtssi(,n ,;oleL produces 
 estimates of the elasticity of substitu

tion between 1.I and 1.3A deptn-nding on which tractor price variable (with or without
 

quality adjustment) is enpioyed. 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 a 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 survcy is the uniformity of results. 
Widely variant approaches to the
 

problem of estimating the degree of factor substitutability in agriculture produce
 

essentially the same an'wer: 
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 Lime
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period, tie 
use of inter-country 
versus intra-country data or
cross-s~ction information, of time-series versusand, as well, the degree of aggregation of output, capital and 
labor and the selection of functional forms for the 
production function.
Three factor variable elasticity functions 
gave comparable results to 
two factor
and multiple factor CES formulations. 
 It must be admitted, however,
comparisons have not 

that these 
been carried out on a systematic 
basis. 
 That is,
ity of C the stabilhas 
been observed for different specifications 
on different data sources.
Ideally, insensitivity to aggregation, specification, and time period shouldtested beon the same data source. Util such a data source exists it islieve that the 

hard to beclustering of values for about a common level is all happenstance.The chances arc that it accurately reflects the wide range of alternative agricul
tural 
techniques available for adoption at any moment 
of time.
 

If this conclusion is 
accepted as 
being valid, 

agricultural policv* in developing countries. 

it has strong implications for
 

As 
an economy develops and the price
of labor becomes expensive relative 
to commodities there 
are apt 
to be substantial
declines 
in demand 
for agricuzlt,,ral 
labor and hi,'gh payoffs 
to mobility policies
which assist rural 
to urban migration. 
 Secondly, if 
factor market distortions
responsible are
for an 
undesirable degree of capital-intensity 

in nonagricultural


tors, secit is 
vital 
on 
income distribution grounds 
that similar distortions be 
avoided
in the agricultural sector.17 
Otherwise the share of labor 
in agricultural income
will 
decline in a sector which in many countries contains the poorest of the 
poor.
This trend is 
observable in Colombia and proponents of agricultural mechanization
for 
that country have been slow to relate 
it to 
the policy they advocate.
 

17An attempt 
to assess the
in W. Thirsk, "Income impact of such distortions in Colombia is found

Distributio, 
Efficiency, and the Experience of Colombian Farm
 

Mechanization," 

Discussion Paper 33 
in 
this series.
 

http:sector.17
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APPENDIX 

Table I- Partial Substitution Eta,-;icity BIwten Capital and Labor 
dith 1dri t)Icz 17;d r arc " ht.Wi 1 	 W i 

PL PL 
VA C.A T Q I n )A- R2 D.W. 

(1) 	 In L
 

Rice -1.t,8 2.22* -. 89* 13 
 .47 1.75 
(-1.19) (2.33) (-1.87)
 

Cotton .979 
 .90* -. 55 11 
 .56 2.02
 
(2.45) (2.95) (-14) 

Corn -. 70 1.48 
 -.54* 19 
 .27 1.84
 
(-.66) (2.34) (-1 .82)
 

SSS 1.12 .98* -.007 19 .67 
 1.04
 
(3.73) (5.27) (-.04)
 

Wheat 3.75 -.087 
 .84 
 14 .09 2.23 
and (2.58) (-.103) (1.o3) 
Barl1ey
 

VA PL PL 
(2) in L C In PO AA1AI P ,1 R2 D.W. 

Rice .039 1.59** -.9]5" 13 .49 2.6 
(.041) (1.62) (-2.0o)
 

Cotton 1.026 .96* -.37* 1] .71 
 2.31
 
(5.16) (4.46) (-2. .9) 

Corn .47 .90'* -.6r-* 19 .40 1.46 
(.65) (1.6s) (-3.05)
 

SSS 1.086 .94* 
 -.145 19 .68 
 1.19
 
(6.04) (5.23) (-.8o)
 

Wheat 2.73 .03 
 .584 14 
 .05 1.83
 
and (29) (0).5 18
 
Barley (2.96) (.03) 
 (.69)
 

Notes: (a) 
The form for both sets is:
 

1 VA = C +C + ., Lu- +( - , AA n PLL kZ pQ az ' PA 
In the first set the share of land 	 ',A is assumed constant; in
the second set it is entered as a var,:i0JC,. C is a constant. 

(b) t-values are entered in p:aroerheses under each regression
coefficient; 0' refers to the nu:hir of observations; R- is thecoefficient of determinat.ion, and D..1. is the Durban-Watson 
statistic.
 

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

(d) 	 For description of the price and quantity variables, 
see p. 3 in the text.
 

(e) 	 A single asteris'r (*) d,,r w,- >n f anco ::, the 5 
per cent level; a double astrhk (**) 	 at ti,e 10 per cent 
level.
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Table 2: Partial Substitu;tion Elasticity between LaOk and Labor
 
With and Without Factor Share Weights
 

VA PA PK
 
(1) in A C InPQ in PA # 2 D.W. 

Rice 1.38 1.18 .72 
 13 .18 1.95
 
(.51) (.72) (.51)
 

Cotton 3.6 .35 -.94** 11 .42 
 2.10
 
(4.5) (-.57) (-1.51)
 

Corn 2.26 .284* -.286** 19 .60 2.32
 
(5.56) (1.79) (-3.15)
 

SSS 2.82 .12 -.255** 19 .41 1.28
 
(15.9) (1.31) (-1.39)
 

Wheat 4.25 -.83** -1.097* 14 .26 2.02
 
Barley (5.07) 
 (-1.66) (-1.95)
 

VA PA PK
 
(2) in A C in P-Q LK In PA # R2 D.W. 

Rice I 2.68 .017 .16.364 13 
 2.76
 
(2.48) (.77) (.035)
 

II 2.12 .67* .882** 13 .30 2.93
 
(2.87) (2.06) (1.40)
 

Cotton
 
I 2.48 .64i .83** 11 .79 1.97
 

(7.58) (5.08) (1.72)

II 2.49 .63* .676* 11 .80 1.99
 

(7.80) (5.04) (1.84)
 
Corn I 2.02 .55* .61** 17 .53 2.22
 

(5.55) (3.93) (1.61)

II 2.00 .55* .51"* 17 .50 2.21
 

(5.29) (3.72) (1.30)
 
SSS I 2.67 .42* ,87* 19 .56 1.23
 

(16.05) (4.47) (3.03)
 
II 2.88 .20* .006 19 .31 .72
 

(15.34) (2.20) (.015)
 
Wheat I 3.58 .02 .71* 
 13 .30 1.92
 
and (6.09) (.10) (2.01)
 
Barley II 3.50 .08 .951* 
 13 .31 1.82
 

(6.00) (.32) (2.03)
 

Notes: (a) The format is the same as for Table 1.
 

(b) The regression form is:

iVA PA +~P 

in-L = C + a In L + () - ak AK In PK 
A a PQ at A PA
 

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



Table 3: Part ial Slibstit'itioti ElatfIc itv ht' , (.apiO!aJn1i land 
With and Without. Factor Shar,. ,I 

VA PK 

(1) In K C In PQ in PK_ R" D.W. 

Rice -1.81 .25* -1.71* 13 .73 2.75
 
(-1.12) (2.09) (-3.28) 

Cotton 2.40 .04 -. 512 11 .17 1.81 
(1.08) (.023) (-.89)
 

Corn .001 .63* -2.77* 19 .82 .83 

(.004) (1.76) (-46) 

SSS 2.18 -. 04 -.48** 19 .13 1.24
(16.25) (-. ;26) (-1 .'4,3 

Whest 10.54 -4.25* -4.57* 13 .59 1.57 
and.arl. (4.86) (-2.97) (-2.' ")Barley
 

VA PP,.
 

(2) In C 'n Pn K lP', P D.W.
 

Rice 1 2.05 -1.09** -.'1, 13 .4P 2.41 
(3.38) (-1 .74) (1.57)
 

71 3.43 -.95 -. 878** 13 .24 2.36 
(4.56) (-1.08) (-1.73)
 

Cotton 1 4.52 -1.73* 3.98* 1! .75 3.26
 
(12.28) (-4.65) (4.37)
 

71 4.32 -1,72* 3.5(** 1! .35 1.95 
(5.2) (-2.06) (1.60)
 

Corn 1 3.62 -.85* .87 19 .37 1.49
 
(8.809) (-2.3.',) (.97)
 

II 3.58 -. 80* 1.12 19 .41 1.80
 

(8.97) (-2.21) (1.24)
 

SSS I .563 .26** .06* 19 .40 1.38
 
(4.5S) (1.43) (2.91)
 

IT 1.96 .62* .34 19 .40 1.66
 
(12.12) (2.5') (.79)
 

weat1 2.44 -].286* 2.43* 13 .78 2.00 
and(592) (-3.05) (5.11) 

Barley11  3.85 -1.,9" 1.03* 13 .51 1.85 

(8.5 ) (-2.59) (1.99)
 

Notes: (a) The fo.mat Is the same as f',r Table I. 

(b) The regression form of set (1) is: 
IVA PK1 

In-- = C + a In-- + (' - )AL n PK.
K ka p'Q ka k Z PK 

for set (2) it is:

nVAP1P 

(3 AKl PLIn-- = C + C In + 
K ka P'k K inPK 

(c) For set (2) twn rer,-,,; us wo ,r run: vne using the 
,
tractor rent;ai for 3'K ( ), ;nd :,', u i f ! . weight edth ,., r 

rental nric "for all r a hin .rv ( ) €' , ,... '-4 in 'thc 
text). 

(d) A single ,'ste,'i '" (*) (Owote- :: ni f can e at the 5 
per cent 'eve; a ast.r," (.*) rt.:c the M] per cent 
level. 
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Table 4: Constrained Simultaneous Estimation of
 
Partial Substitution Elasticities
 

Parai ers 

Crop 0k__. Ua2 aka 

Rice 1.43* .79* -.34" 
(28.6) (4.16) (-2.13) 

II 1.44* .57* -.29* 
(27.1) (5.85) (-2.11) 

Cotton I 1.88* -.02 -.13 
(29.3) (-.0013) (-.60) 

II 1.87* .54* -.50* 
(29.2) (2.29) (-3.29) 

Corn 1 1.44* .786* -.655* 
(30.6) (2.55) (-2.17) 

II 1.44* .80* -.687* 
(36.0) (3.40) (-3.37) 

SSS I 1.30* .55* .133** 
(11.8) (5.34) (1.33) 

II 1.30* .44* 20** 
(40.6) (3.33) (1.63) 

Wheat and 1 1.07* .44* .04 
Barley (12.74) (3.60) (.028) 

II 1.08* .487* -.051 
(12.0) (1.85) (-.038) 

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 lbelow 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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