
 
 

Give to AgEcon Search 

 
 

 

The World’s Largest Open Access Agricultural & Applied Economics Digital Library 
 

 
 

This document is discoverable and free to researchers across the 
globe due to the work of AgEcon Search. 

 
 
 

Help ensure our sustainability. 
 

 
 
 
 
 
 
 

AgEcon Search 
http://ageconsearch.umn.edu 

aesearch@umn.edu 
 
 
 

 
 
 
 
 
 
Papers downloaded from AgEcon Search may be used for non-commercial purposes and personal study only. 
No other use, including posting to another Internet site, is permitted without permission from the copyright 
owner (not AgEcon Search), or as allowed under the provisions of Fair Use, U.S. Copyright Act, Title 17 U.S.C. 

https://makingagift.umn.edu/give/yourgift.html?&cart=2313
https://makingagift.umn.edu/give/yourgift.html?&cart=2313
https://makingagift.umn.edu/give/yourgift.html?&cart=2313
http://ageconsearch.umn.edu/
mailto:aesearch@umn.edu


C e_ (,O YI O VVi /c_ S, 

Production economics -- Mathematical 
models 

McMillan, John 

The Choice of techniques and 
technological change in U.S. 

TI:IE CHOICE OF TECHNIQUES 

AND 

TECHNOLOGICAL CHANGE 

IN U. S. AGRICULTURE 

1948 - 1983 

JohnlMc Mil~-~n 

University of Chicago 

Paper presented at the annual meetings of 
171e American Agricultural Economics Association 

Baton Rouge, Louisiana 

August 1, 1989 

I 

"J> 
CJ;! 
o· 
c:, Cf) ;:::;: 
:; rn. 
!::.. ... 
rn 
~ <": 

0 
:::l c.=, 
0 
3 __.. 
c=; (.() 

'(J> co 
C" .. (.() 
O" 
ci 
.:2 

,-- .E,. . '. 

C z 
< 
I'll 
;o 
U) 

~ 
o-< 
1>0 
":."Tl 
no 

l> 
C 
"Tl 
0 
;o 
z s; 

1989 

# 6512 

/OP70 
, r O, 

The Producer's Problem of Tecbnlaue Cholce 

Traditional estimations of production functions and other functions 

which characterize technological parameters, assume, at least lmplicltly, that 

only one technique ls universally available, This approach fits one surface 

or production frontier'to the data. A branch of this approach tries to detect 

and interpret deviations from the frontier. Interpretations of deviations 

become logically problematic however, since they are inconsistent with the 

maintained hypothesis under which th_e surface was estimated. 

An alternative approach, the choice of technique approach, allows for 

the existence of multiple techniques which are available in the production of 

an output. 1 Producers maximize profit by sllocatlng Inputs to (implementing) 

techniques, constrained by available fixed inputs. Profitability of any 

technique, if imp~emented, will be a function of input and output prices. 

Hore formally, let J techniques be available to a p,oducer ln 

production of an output. Then the behavior of a representative producer ls 

described by the solution to: 

(1) 

subject to: b 

J 
:i: "J vj 

j-1 

- 0 

where pis the output price, vj are variable inputs with input prices wj and 

bj are allocatable fixed inputs, which must sum to the available total of 

fixed inputs. The FJ may be either different techniques used to produce a 

single output, or dlffer~nt outputs. In the later case, different outputs are 

1. The discussion in thls section summarizes material ln Hundlak (1988). 
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likely to have different prices and a j subscript must be added top. The 

Kuhn-Tucker necessary conditions for maximization of (1) include: 

(2) 

( 3) 

p Fvj • wj s 0, 

p Fbj • l s 0, 

j 1, 

j - 1, 

J 

J 

where l ls the multiplier on the constraint and Fij denotes differentiation of 

Fj with respect to 1. Additionally imposing that vjand bj 2::.0 implies that 

whenever (2) or (3) are negative, that vj and bj (the vj and bj which maximize 

(1)) are 0, and technique j is no~ implemented, 

Figure 1 illustrates the case where two techniques are available ln 

the production of one output with two inputs (capital and labor), Technique H 

(modern) 1~ cheaper •t higher capital/ labor ratios while technique T 

(traditional) la cheaper at lower capital labor ratios, Define was the wage 

/ rental ratio which ls tangent t6 both lsoquanta, For w < w only the 

,traditional technique is implemented while for w > w only the modern technique 

is implemented, At w - w, both techniques are implemented, and the degree of 

relative lmplem~ntation ls determined by the capital / labor ratio., 

Important to notice ln Figure 1 ls that the production frontier ls not 

the lower envelope of the available techniques, for at w - w, producers can do 
I 

better than the lower envelope by taking a convex combination of the 

techniques. If the choice of technique decision accurately describes the 

environment ln which production decisions are made, then at issue ls how to 

measure aggregate production functions in this environment. 

Measurement of Cholce of Techn1que Production functions 

One approach to solving the problem of multtple techniques ls to specify 

and estimate a separate production function for each technique, This may be 

the preferred approach when experimental data ls available on each technique, 

There are two drawbacks to this strategy: when data are available on inputa 

used in each technique, this approach uses up degree• of freedom and when data 

are available only at an aggregate level (when we observe not vj butt vj) the 

approach cann,.ot be used. The later la the case in aggregate U. S. 

agricultural production statistics where only t vj 1• observed. This approach 

allows measurement of technique choice without forcing specification of 

techniques that are implemented. 

··The proposed alternative to specifying functions for each technique ls 

to find a function F(t vj, t bjY which yell approximates t Fj(vj, bj). 

Hundlak suggests (Hundlak 1988al that the production function F(x,z) (where x 

are inputs; z are state variable·,), may be approximated by2 : 

I 
(4) F(x,z) - r(x*,x,z) + t p1(x*,x,z) x1 

1-1 

where x* are the profit maximizing input quantities and x are the observed 

input quantities, Equation (4) is a Cobb • Douglas production function, 

functions of the state of the economy and of inputs, The functional forms 

used co approximate the parameters rand p are: 

s 
(5) r(x*,x,z) "oo + t "os z + 

s-1 · 8 

I 2 I 
i I &01 xi + t 111 x1 x1 I + t ~ii zl xl 

1-1 , .. 1 l-1 

s I 
(6) Pk(x*,x,z) .- "kO + t "ks z + t 1kt xl k - 1, ... ,1 

s-1 s 1-1 

2. See (Hundlak 1988) for a derivation of (13) as a second order Taylor 
series expansion of F(x,s) about x* where x are the utility maximizing 
(observed) inputs and x* are the profit maximizing inputs, 
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Examples of estimation of the system (4), (5), and (6) are Cavallo and Hundlak 

(1982) for the Argentine economy (updated and extended in Hundlak, Cavallo and 

Domenech (1987)) and Coeymans and Hundlak (1987) for the Chilean economy. 

Since implemented techniques are functions of input and prices, input 

and output prices should be included as state variables in equations (5) and 

(6). Additional state variables should be fixed factors available to 

producers, prices of outputs if multiple outputs are produced, and measures of 

risk. 

To more easily interpret (5) and (6), conduct two exercises: in the 

. first 1et all the•'• and ~·a - O;•in the second set the l's, l's, ~·sand 7 •s 

- o. 

The first exercise iesults in the estimation of the primal 

(production.) functi~n. The functional form is a special case of the 

Generalized Power Production suggested by De Janvry (1972), .With 7 - O for 
. . ki . 

I all k and i, the system approximates a trans log production function with 

constant returns to scale. This parameterization is used by De Janvry (1972) 

t'o measure the effects of fertilizer price policies on the productivity of 

Argentine agriculture. When 7ki ~ 0 the production function has variable 

r~turns to scale, Ulvellng .;~d Fletcher (1970) estimated a functional form 

with the 7's but without the l's or the B's to measure returns to scale in u. 
S. a,grlculture. Antle (1987) used an approach. similar to· Ulvellng and 

Fletcher to measure correlations between alloca~ive efficiency and huma~ 

capital in Indian agriculture. 

The second exercise results in the regression of prices on factor 

shares: the estimation of a dual (factor shares) function. Hundlak (Hundlak 

1989) shows that while estimation of a primal function is sometimes 

inconsistent, the estimation of a dual function ls usually inefficient. 

Hundlak's proposal is a combination of the primal and dual estimators. Our 

choice of techniques specification is offered in th~t spirit. 

Figure 2 illustrates Hundlak's argument. Each of two firms produces 

an output (Y) with an input (X). If the data available to the econometrician 

are points A and A', a regression line will identify the production function 

of neither firm. Observations such as C and Bare. needed to identify the 

production functi~n of firm 2. In order to evaluate an e1timation strategy, 

it ls necessary to know what is causing the input variations which identify 

the production functions. 

A dual estimator uses price variations to identify production 

functions. Hundiak argues that "Firms in a competitive industry all face the 

same prices and yet they differ considerably in their inputs and outputs. • 3 

Variations in inputs, possibly due to different attitudes towards risk, are 

not accounted for by dual estimators, snd thla accounting failure causes their 

inefficiency. 

Factor Demand Elast!c!t!es 

Every well specified production function has associated with it 

elasticities of factor demand. These are ~radltlonally reported by 

researchers when characterizing a production technology. If the estimated 

functional form is a cost or a profit function, these elasticities are, by 

Shepard's lemma, simple functions of the estimated parameters. Since the 

approach in this study is to characterize technology by the estimation of a 

primal (production) function rather than a dual (cost or profit) function, 

computation of f,i'ctor demand elas.tlcities becomes more complicated. Because 

the chosen functional form is'a translog production function, no closed form 

solution exists for the factor demand elasticities. Factor demand 

elasticities are obtained by numerical simulation. 

To illustrate the solution techniques used in numerically simulating 

the factor demand elasticities, let there be two inputs and two state 

variables (the prices of these inputs). Normalize output price to unity. The 

production function with non changing returns to scale is: 

3. Hundlak 1989, p. 4. 
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1th~r~ ¥ :: iii ti>': iti :;; iil titi, aiia zi :;;: 1:i1 {i-111 
fh~ ~rsfiE ~Rxi~itaEfan rr~Giem is: 

with first order conditions: 

air r 
r Pi - 1 /J2 a, Pi P2 · 

(10) ax1 - ax Xl X2 ·+ /J1 ' Xl X2 
1 

air r 
r Pi P2 ·• 1 a, /J1 P2 

(11) ax2 - ax xl x2 + /J2' Xl X2 
2 

Algebraic manipulation of (5) confirms that: 

a,r ar r r , • (12) ax1 ax1 x1 xl 601 xl + 112 x2 + •11 zl) 

a,r ar r r • • (13) ax2 ax2 x2 X2 ( 602 x2 + 112 xl + ~22 z2) 

Substitution of (12) into (10) and of (13) into (11) yields: 

(Vt) 

~ijij~ilaiii liii ;il~ ti!j rl~i~;a;;E ~ ~fjE~; ~l Eia lij~§EISiii f6i E~i iii 
~n~n&I~~ iii ~Ra iii ij foHa~IG~~ si ~Gi ~ir,ijl~~Ei al E~~ ~i8ai~Fiaa 
t~Er.~siae,: siiiEe tit., ""J ~i,~ n~e Aigfiif noiiiine,r in ii ~fia i 2 ;r.,if 
iiniHHBi'i iii asisi;;~fi tfirilli6i. niii'ii~r\c~1: iiliiiuitiHBii: 

Factor demand elasticities are calculated from the aysteg (i~l All~ 

(15). Define x1 and x2 as the x1 and x2 which solve (14) and (15) for an 

. 
initial level of Pflcas (i1 and i 2). Generate another set of prices (z 1 and 

; 2) by ;l - 1.0~ i 1 and ; 2 - 1!01 i 2 • Define x1 and x2 as the x1 and x2 . 
which solve (14) and (15) for level of prices (z1 ~nd z2) and x1 and x2 as the 

. 
. x1 and x2 which solve (14) and (15) for level of prices (i1 and z2). Then 

factor demand elasticities are defined as: 

where 'ts ls the elasticity of demand for the i'th input with respect to 

changes ln the price of the s'th input. 

Output E1ast1c1 tles 
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Elasticities in a choice of technlque framework dlffer from 

elasticltles in tradltlonal production functlons, Let the production function 

be defined by equations (4), (5) and (6). Then state variable elastlcltles 

are obtslned by differentiating the productlon functlon wlth respect to a 
state variable: 

_By ar I ,8/J 
(16) az az + :i: a; xi + 

8 8 1-1 8 

I ar I I apt 
:i: •1s + :i: :i: •1s xi + l-1 axi l-1 J-1 axi 

I 
:i: /Ji 'ts 1-1 

The. elasticlty can be decomposed lnto three components. The term on the right 

hand side of the top line of (16) ,ls the output elasti~lty holdlng lnp~ts 

constant, but allowing implemented techniques to vary. The term on the bottom 

,line of (16) ·1s the output elastlclty holdlng implemented technlques constant, 

but allowing inputs to vary. The term on the middle line of (16) ls the 

contribution of the translog component of the productlon functlon and the 

,;ontrlbutlon of 'changes ln ret~~ns to, scale to the output elasticity, 

Productlon functions as tradltlonally estlmat~d htil~ implemented 

technlques constant and only estlmate the mlddle and bottom line of (16), 

mlsspeclfylng the response of output to changes ln the economic environment. 

A COmIDonly estimated production functlon is (6) where the z's are 

restricted to linear and quadratlc tlme trends, This approach ls barely 

descriptive of the data, an~ the approach certainly falls if a goal of the 

model ls to evaluate the effect on output of policies which change the 

environment (prices) in which agents make decisions. 

Cho!ce of Techn!ques and Induced Innovstion 

The induced innovation hypothesis of !licks (1933), extended by llyartl 

and Ruttan (1972) la that rrlatlve prices help determine biases of 

. technological change, Technological change, however, in mode ls with 1l near / 

quadratic time trends ls lndependent of changes ln prkes. The predictions of 

these models wlth respect to changes in technology will be valld only as long 

as the future ls like the past, Polley analysis, however, asks what will 

happen if the future ls made dlfferent, ln some key way, from the past. 

Models with llnear / quadratlc technologlcal change are thus ill suited to 

·evaluate pollcy alternatives. 

i:;JJotce of Technique and tbe Lucas Cr!t!que 

This criticism is an application of the Lucas crltlque to production 

function estlmatlon, In Robert Lucas' critique of econometric modeling for 

policy evaluation (Lucas 1973), he examines forecasting equations of tho form: 

where Yt ls a policy goal, xt ls a vector of polic_y instruments, "'t are other 

varlables, p1 ~nd p2 are parameter~ and •t ls a stochastic error. Optimal 

policy ls found by choosing the xt vector which yields the moat desired Yt· 

Luca• object• to thla procedure since strong theoretical reasons frequently1 

exist for believing that the true for11 of the forecasting equation ls Instead: 

Now, as the policy maker varies the policy instrument, the reaction of agents 

depends on the adjustments in the policy instrument. The antidote prescribed 

for econometrlclans involves models where zt no longer depends on xt .. This 

insight spawned a new .generation of econometric models where the zt are the 

•fundamentals" of the economy: preferences, technology and endowments. 
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,line of (16) ·1s the output elastlclty holdlng implemented technlques constant, 

but allowing inputs to vary. The term on the middle line of (16) ls the 
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•fundamentals" of the economy: preferences, technology and endowments. 



Thomes Sergent (Sergent 1981) cells for a change ln the prsctlce of 

dynamic econometrics so that lt ls consistent wlth the p'rlnciple that people's 

rules of cholce are influenced by their constralnts. Thls will involve, 

Sargent aaya, a strlcter definltion of the class of parameters that can be 

regarded as •structural." 

The goal of the choice of technique approach to production functlon 

estimation ls to ldentlfy structural parameters ln production functions. 

Data published by the v.s.D.A. are unsatisfactory for emplrical 

_analysis.for several reasons. Among the reasons are: 

U.- S. D. A. quantity lndlces are Laspayres indices. Laspayres 
indices are exact indices for Cobb - Douglas production 
technologies. It ls preferable to use-indices which are 
exact for flexlble functional forms 

U.S. D. A. labor series are unadjusted for qua~lty (human 
capital) changes 

T~e input and output aeries do not balance. Profits are 
allocated neither as returns to capital nor land nor labor. 

For further comments on U. S. D. A. data see Shumway (Shumway 1988a) and 

U.S.D.A. Techn;cal ~ulletin.No. 1614. This analyst• uses the data aet 
prepared by Susan Capalbo and Trang T, Vo. 

Susan Capalbo and Trang T. Vo (Capalbo and Vo, ·1988) present data 

which they use (Capalbo 1988) to test the imp_Ucations of using different 

cost, profit and production functions to measure technological change· in U. s •. 

Agriculture. The period of their sample ls 1948 - 1983. They present dlvlsle 

indices and implicit price indices for 7 output end for 9 input groups. In 

their empirical analysis th~se are further aggregated to either l or 2 output 

groups and 4 lnput groups. The Capalbo and Vo date hes unallocated profits, 

but uses an index consistent with a flexible form, and uses quallty adjusted 

labor data. In addition to expected input prices, normsllzed by output 

prices, we use the ratio of crop to livestock 'prices, a measure of price 

vari~bllity, and a measure of the economy's capital stock to characterize the 
state of the economy. 

Since crop production and livestock productlon may be identifled wlth 

dlfferent techriiquea, changes in their relative prices may induce changes ln 

the implementatlon of different techniques. To capture thla change, we use as 

a state variable the log of the ratio of crop.prices to livestock prices, as 
reported by the U.S.D.A. 

'Different techniques may be associated wlth different risk attributes. 

A risk averse producer may lmplement different technlques as the riskiness of 

hls economic environment changes. To capture these changes, we measure 
changes in riskiness by: 

(19) VAR -
mex(pt-4'pt-J'Pt-2'pt-lpt) • mln(pt•4'Pt.J'Pt-2'p~-l'pt) 

pt 

where Pt ls the ratio of output to input prices ln year t, as reported by the 

U. S. D. A. 

Finally, the implementation of new techniques may be constrained by 

the avalleblllty of capital. Ye capture thla constraint by using as a state 
variable the log of per capita constant dollar CNP. 

The techniques we developed for emplrlcal analysis suggested using the 

parameters of a Cobb· Douglas functions es dependent verlebles in regressions 

on variables which chare.cterize the ·state of the econo 11y so that observed 

technology changes es implemented techniques change, and on inputs so that the 

technology may approximate a functional form more general then Cobb. Douglas. 

Yl th co11pe tltlve input .;-nd output markets, the parameters of a Cobb • Douglas 

productlon function ere equal to input factor shares. Ylth unallocated 

profits, shares of revenue ere dlfferent then shares of costs. It ls also 

problematic to determine where the unallocated proflt goes. The approach 

I 
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taken in this analysis .ls to allocate profit to the land input, and to 

recalculate the land price so that revenues collected in any year ere equal to 
cost• occurred in any year. 

Capalbo reports results of several different functional forms flt to 

this data, .including translog production, cost end profit functions, a 

generalized _leontief cost funftion, multi • output cost and profit functions, 

and restricted cost and profit functions. In all her analyses, inputs are 

aggregated into 4 input groups and into either 1 or 2 output groups. Ya use 
the same aggregations. The input aggregations are: 

Labor - Hired Labor+ Family Labo~ 
Land - Land+ Structures 

Capital -·Durable Equipment+ Livestock 

Rew Haterlala Energy+ Fertilizer+ Pesticides+ Hlscellaneous. 
Output ls a single aggregate. 

Prices used as atate variables are predicted values of vector 
autoregresslons. The proceduni ls de~crlbed In Chapter 3. ,ha land price is 

not the land price as reported by Capalbo, but a land price calculated to 
equate costs and revenuea. 

The regressions were initially run using the Seemingly Unrelated 
R~greulon technique on the sy.atem: 

s 
'(5) r(x*,x,z) "oo + E "os Zs + 

s-1 

I 
2 I 

EI 601 xi + E I x1 x.t I +· E ~11 zl xi 1-1 , .... 11 1-1 

(6) k-1, ... ,I 

O. The parameters estimated from thh ·,;egresslon were used in the 

numerical simulation of the first order conditions to derive estimates of 
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factor demand elasticities. Part of the simulation involves taking the log of 

a function of the parameters, inputs and sta.ta variables. The parameters 

obtained from estimating (5) and (6) alone generally resulted in negative 

'values for this function. In order to obtain parameter estimates which are 

consistent with the first order conditions, the estimated system waa expanded 
to include (5), (6) and the first order conditions: 

The inclusion of (14) makes the ,astlmetlon highly non • ltneer. Table 1 

reports the results of the estimation o·f (5), (6) and (14) by SUR. 

Each input price hes been normalized by output price before 

expectations were calculated by ARIHA models, The four inputs and their 

notation are: 1 ~ Land, 2 • Capital, 3 • Raw Haterlals and 4 • Labor. Since 

the ~harea aum to one by the lmpqaltlon of constant return• to scale, 

·inclusion of all.ehare equation ln the estimation would make the,covarlance 

matrix dngular. Ye exclude the labor equation. Asymptotic properties of the 
eatlmetora ere Independent of the excluded ahare equation. Best results were 

· obtained with ~ll restricted to be zero. 

State variables in the intercept (r) equation determine how the level 1 

of agricultural productivity ls affected. Increasing either the capital 

atock, or the prt'ce of crops rela~lve to the price of livestock increases the 

level of agricultural productivity (,rOCAP and "ORCL > 0). 

There are several curious results in Table 1. Increasing output price 
ls equivalent to reducing each of the ·1nput prices (recall that input prices 
have been normalized by output prices). Because each of the Input price 

coefficients in the intercept (r) equation are positive, this means that 

increasing output price iiecreasea the level of agricultural productivity. An 
explanation for this may be that producers first utilize the most productive 

land and the most produ~tlve tcchn°lqucs, and that as increased output prices 
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increase incentives to produce, less productive inputs and techniques are 
utilized. 

Each of the share equations has a positive (and significant) 

coefficient in its own price (w 11 , w22 , and ~33 > 0). One would expect that 

as an input price increases, producers would shift to techniques which are 

intensive in other inputs, a~d that the k'th share would decrease as the k'th 
lnpu~ price increases. 

From the algns of state variables in the share equations, increases in 

the capital stock increase capital's share and' decrease the share of raw 

materials while increases in t"e ratio of crop prices to livestock prices 

increase the capital share while reducing labor's share, Changes in the 

variance of prices does not affect the shares. 

Tsbl~ 2 displays the statistics of flt of the estimation. The system 

(5), (6) ~nd (7) ls solved simultaneously, ao the r • square reported ln 

Table 2 la a little different than the r-square from the estimation of the 

system. Each of the shares and each of the inputs, with the exception of 

land, ls flt fairly well by the almulatlon. Adjusting the price of land, to 

reflect either costly adjustment, or smoothing its cycllcallty induced by 

lncludlng profits (business cycle related) in its price, may improve the flt 
o'f the dynamic _simulation. 

Tables 3 through 6 report the factor demand elasticities which are 
I 

obtained by the methodology of outlined earlier. Table 3 reports the 

elasticity of each of the factors with respect to changes in land prices.· 

Table 4 reports the elasticity of each of the factors with respect to changes 

ln capital prices. Table 5 reports the elasticity of each of the factors wlth 

respect to changes in raw material prices. Table 6 reports the elasticity of 

each of the factors with respect to changes in labor prices. 

Encouraging ls that each factor demand ls,downward sloping in its own 

price (, 11 , , 22 , , 33 and , 44 < 0). Thls la ln contradiction to the results 

obtained by Capalbo when fitting a translog production function wlth a linear 

and quadratic tlme trend to the same data. She reports that demand for 

capital la upward sloping in its own price. 

Four of the factor demand elasticity series change signs. 

materials are a'complement to land (, 31<0) from 1949 through 1975. 

Raw 

After 

1975, raw materials become a substitute for land (, 31>0). Raw materials are 

also alternatively a substitute and complement for capital throughout the 

sample(• la intermittently <0 and >0). Both land and capital change from 
32 

compleme.nta to iabor to substitutes _for labor (, 14<0 from 1949 to 1960 and >0 

thereafter and , 24<0 from 1949 to 1971 ~nd >0 thereafter). 

These sign changes have an induced innovation interpretation. 

Government policies increased, through commodity programs, the profltablllty 

of agriculture and land prices, but at the same time made land a scarce factor 

by imposing acreage restrictions a c,ondltlon for partlclpatlon ln comr10dlty 

programs. Produ~ers had an lnce~tlve to find ways to expand output, and 

implementing techniques for which raw materials (a factor not resl!rlcted by 

commodity programs) was a substitute for land (a factor restricted by 

commodity programs) was their responae. • 

Table 7 presents, for comparison, elaatlcltles estimated ln other 

studies. The results of two of Capalbo'a models are most directly comparable 1 

with ours. Factor demand elastlcltles from estlmatlons of a translog cost 

model and from a generalized leont:ef cost model are reported in Table 7. 

Also reported are elasticities from Eldon Ball's estlmatlon of a restricted 

profit function, and Shumway's estimation of input demand equations implied by 

a quadratic profit model. Capalbo's elastlcltles are calculated for 1970. 

Shumway's are calculated for 1982. Shumway reports two sets of elastlcltles: 

those calculated directly from aggregated data, and those calculated from 

aggregation of elastlcltles from regional data. Table 7 reports elastlcltles 

from aggregated data~· Ball does not report how his elastlcltles are 

calculated. 
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The largest elasticities are reported by Ball. His estimate (•l,500) 

of hired labor'• own price elasticity stands out, and·atands in contrast with 

the estimates of Capalbo (-.207) and of Shumway (•,100), (In comparing 

elasticities, remember that in Capalbo'& and in our estimations, hired labor 

and family labor are aggregated, while Ball's and Shumway's estimations treat 

hired labor separately from family labor). Our estimates of labor's own price 

e~aatlcity·come ~loser to ~all's than to the other studies. Ball's other 

ela~ticitles, h~wever, still appear quite large, Hls estimate for durable 

equipment's own price elasticity (•l,271) appears several orders of magnitude 

larger than Capalbo's estlmata for capital (-,146), than Shumway'* estimate 

for machinery (·,105), and for our estimate for capital(< 1-,3901), 

An interesting co~parlson la the estimates of the elasticity of raw 

materials with respect to capital price (our estimates are reported as , 32 in 

Table 4), Capalbo reeorts an estimate of ·, 156 for ·thla elasticity, while 

Shumway'• estimate ls .023, Capalbo's estimate was calculated ln 1970, a year 

for which our estimate ls negative·(-.045), while Shumway'a,was calculated for 

1982, a year for which our estimate ls positive (.203), llhen the biases in 

technological change are large, reports of elsstlclties at a point In time as 

a summary· of production relations are en Imprecise characterization of these 
relations, 

A• a _further lllustratio"n of these impreclsiona, consider the·, 

elasticity of substitution of raw materlels with respect ~o changes to land's 

price (our estimate la found as_ c31 In Table 3).· Capalbo'& estimate of thls 
I 

elasticity ls •,068, but her calculations were made for 1970. Examination of 

our estimates for thls series indicate. while thls elastfolty was negative fo 
1970, which agrees with Capalbo's estimate, In current production relations, 

perhaps Induced by agricultural policies which made land an artificially 

scarce factor, raw materials and land are _substitutes rather than complements,· 

as Implied by Capalbo'& estimate for the elasticity, 

Output elasticities with respect to each· of the state variables are 

decomposed into three parts, as described earlier. The decomposition first 

holds Inputs constant and allows Implemented techniques to vary, then holds 

i 
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Implemented techniques constant and allows Input• to vary, and finally 

accounts for a translog component. The output elasticity la the aum of these 

three components, These series are displayed for each of the Input prices In 

Figures 3 through 7. 

Figure 3 (titled •state Variable Elastlcltlea"), presents the output 

elastlcltles with respect to each Input price. -Tables 4 through 7 present the 

decomposition of each elasticity Into·] parts: first holding Inputs constant, 

"next h~ldlnj techniques constant, and finally allowing for a trsnslog 

component, Thls decomposition lll~strates the consequences and biases of the 

mlsspeclflcatlon of estimations lih_lch hold lmplemented techniques constant. 

In general, the elasticities are·negatlve. Towards the end of the 

sample, however, they turn posltlve. Thia la a matter of soma concern. 

_Looking ~t the decomposl '::lons, the elasticities holding techniques 

cons~ant (the lines with *'a) are i.enerally negative, which ls expected. The 

elasticities hotdlng Inputs constant are generally positive, and the sum of 

the two elasticities (which more or less determine• the sign of the overall 

elasticity, since the translog component la usually quite small), ls 

occasionally posltlve. I/hat this deco~posltlon suggests la that estimations 

which do not allow for changes In Implemented techniques are biased towards 

overestimating output elaatl~ltlea with respect to lnput prlcea, 

Since each Input price ls deflated by the aggregate output price, the 

output price elastlclty may be constructed as a function (Input share weight 

sum) of input price elasticltles. The result la that output price 

elasticities tend also to be overestimated. 
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ela~ticitles, h~wever, still appear quite large, Hls estimate for durable 

equipment's own price elasticity (•l,271) appears several orders of magnitude 

larger than Capalbo's estlmata for capital (-,146), than Shumway'* estimate 

for machinery (·,105), and for our estimate for capital(< 1-,3901), 

An interesting co~parlson la the estimates of the elasticity of raw 

materials with respect to capital price (our estimates are reported as , 32 in 

Table 4), Capalbo reeorts an estimate of ·, 156 for ·thla elasticity, while 

Shumway'• estimate ls .023, Capalbo's estimate was calculated ln 1970, a year 

for which our estimate ls negative·(-.045), while Shumway'a,was calculated for 

1982, a year for which our estimate ls positive (.203), llhen the biases in 

technological change are large, reports of elsstlclties at a point In time as 

a summary· of production relations are en Imprecise characterization of these 
relations, 

A• a _further lllustratio"n of these impreclsiona, consider the·, 

elasticity of substitution of raw materlels with respect ~o changes to land's 

price (our estimate la found as_ c31 In Table 3).· Capalbo'& estimate of thls 
I 

elasticity ls •,068, but her calculations were made for 1970. Examination of 

our estimates for thls series indicate. while thls elastfolty was negative fo 
1970, which agrees with Capalbo's estimate, In current production relations, 

perhaps Induced by agricultural policies which made land an artificially 

scarce factor, raw materials and land are _substitutes rather than complements,· 

as Implied by Capalbo'& estimate for the elasticity, 

Output elasticities with respect to each· of the state variables are 

decomposed into three parts, as described earlier. The decomposition first 

holds Inputs constant and allows Implemented techniques to vary, then holds 

i 
I 
I 

. i 

Implemented techniques constant and allows Input• to vary, and finally 

accounts for a translog component. The output elasticity la the aum of these 

three components, These series are displayed for each of the Input prices In 

Figures 3 through 7. 

Figure 3 (titled •state Variable Elastlcltlea"), presents the output 

elastlcltles with respect to each Input price. -Tables 4 through 7 present the 

decomposition of each elasticity Into·] parts: first holding Inputs constant, 

"next h~ldlnj techniques constant, and finally allowing for a trsnslog 

component, Thls decomposition lll~strates the consequences and biases of the 

mlsspeclflcatlon of estimations lih_lch hold lmplemented techniques constant. 

In general, the elasticities are·negatlve. Towards the end of the 

sample, however, they turn posltlve. Thia la a matter of soma concern. 

_Looking ~t the decomposl '::lons, the elasticities holding techniques 

cons~ant (the lines with *'a) are i.enerally negative, which ls expected. The 

elasticities hotdlng Inputs constant are generally positive, and the sum of 

the two elasticities (which more or less determine• the sign of the overall 

elasticity, since the translog component la usually quite small), ls 

occasionally posltlve. I/hat this deco~posltlon suggests la that estimations 

which do not allow for changes In Implemented techniques are biased towards 

overestimating output elaatl~ltlea with respect to lnput prlcea, 

Since each Input price ls deflated by the aggregate output price, the 

output price elastlclty may be constructed as a function (Input share weight 

sum) of input price elasticltles. The result la that output price 

elasticities tend also to be overestimated. 
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Tt\BLF. l. 

Nonlinear SUR Parameter Estimates 

Using Capalbo'a Data 

Approx. • t' Approx. 

Parameter Estimate Std Error· Ratio Prob > I ti 
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Hotes: 

Parameter 

"10 

"u 
"12 

"13 

"14 

"lVAR 

"lRCL 

"lCAP 

"20 

"21 

"22 

"23 

"24 
11 2VAR 
"2RCL 
112CAP. 

"30 

"31 

"32 

"33 

"34 

"3VAR 

"3RCL 

"3CAP 

TABJ.E l {continued) 

Approx. 

Estimate Std Error 

-0.26160 0,39221 

0.14098 

-0.09950 

-0.16063 

-0.09077 

-0.00102 

0.00734 

0.03797 

-0.09630 

-0.08343 

0.15093 

0.,05046 

-0.03495 

0.00161 

0.00346 

0.08148 

0.04571 

0.03425 

0.07992 

0.02681 

0.00331 

0.02321 

0.04773 

o.~8748 

0,03290 

0.02520 

0.05695 

0.01892 

0.00234 

0.01653 

0.03532 

1.09481 0.25169 

0.03046 ·0.03067 

0.01512 

0.10971 

0.11593 

-0.00131 

0.02753 

-0.06608 

0.02359 

0.05509 

0.01465 

0.00230 

0.01584 

0.03009 

't' Approx. 

Ratio Prob> !ti 

-0.67 0.5104 

3.08 

-2.90 

-2.01 

-3.39 

-0.31 

0.32 

0.80 

-0.33 

-2.54 

5.99 

0.89 

-1.85 

0.69 
0.21 

2.31 

4.35 

0.99 

0.64 

1.99 

7.92 

-0.57 

1. 74 

-2·.20 

0.0047 

0.0072 

0.0545 

0.0022 

0.7607 

0.7540 

0.4333 

o. 7405 

0.0173 

0.0001 

0.3834 

0.0758 

0.4991 

0.8357 

0.0290 

0.0002 

0.3296 

0.5271 

0.0566 

0.0001 

0.5735 

0.0937. 

0.0368 

Dependant Variable for parameters "o, &, I and p ls r (the intercept 
term in the prod~ctlon function): 

Dependant Variable for parameters "l. ls p1 (the factor share of the 

l'th input: the exponent of the l'th input in a Cobb-Douglas 
production function. 

Inputs are: 1 · Land, 2 • Capital, 3 • Raw Materials and 4 • Labor. 
Additional state variables are: VAR - the variability of output 

prices, RCL- the ratio of crop prices to livestock prices, 
CAP· the economy wide percaplta_GHP. 

See text for additional notes _on estimation. 

Dynamic Simultaneous Simulation 

Descriptive Statistics 

Actual Predicted 

Variable # Hean Std. Dev Hean Std Dev. 

Hotes: 

Variable 

35 

35 

35 

35 

35 

35 

35 

35 
35: 

0.0851 

-0.1370 

0.0651 

0.1254 

0.1630 

0.3014 

0.0594. 

0.0529 

0.0339 

0.0333 

0 .1834 

-0.1308 

0.3040 

0.3500 

0.2126 

0.2642 

0.1682 

-0.2152 

Statistics of Flt 

RHS 

Error 

0.05642 

0.03555 

0.05184 

0.08023 

0.03026 

0.02061 

0 .. 01171 

0.01258 

0.03213 

RHS I 

Error 

59315. 65 

42645.68 

36822.58 

6118.41 

8.58879 

10.96291 

4.33100 

8. 94411 

4456.32 

0.0806 

-0.1389 

-0.1357 

.0.3011 

0.3491 

0.2135 

0.2645 

0.1729 

-0.2168 

r-square 

0.2259 

0.9172 

0,8959 

0.9270 

o. 7331 

0.8436 

0.8769 

0,8530 

0.9684 

0.0691 

0.1423 

0.1771 

0.3041 

0.0537 . 

0.0501 

0.0301 

0.0326 

0.1867 

ls the factor demand for the l'th factor, solved for by numerlcnl xi 
slmulntlon of the system of equations as noted ln the text. 

p1 Is the share of the l'th factor. 

Factors are: 1 . Land, 2 - Capital, 3 • Raw Materials and 4 · L.1hor. 
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Factor Demand Elastlcltles wlth respect to Land Prlce Factor Demand Elastlcltles wlth respect to Capltal Prlce 

YEAR '11 '21 '31 '41 YEAR '12 '22 '32 1 42 

1949 -1.3767 -0.89039 -0.59257 -1.5643 
1950 -0.8827 -0.78350 -0.65962 -1.3803 1949 -0.35868 0.14882 0.15019 -0.38048 
1951 -0.8354 -0.78363 -0.78216 -1. 5644 1950 -0.35796 -0.09041 0.01245 -0.45301 

. 1952 -0.8923 -0. 77146 -0.66509 -1.4801 1951 -0.31866 0.03205 0.00940 -0.50389 
1953 -0.7840 -0.67890 -0.47541 -1.2324 1952 -0.31798 -0.04595 0.03831 -0.46901 
1954 -0.8674 -0. 72076 -0.53943 -1.3576 1953 -0.35986 -0. 21031 0.07578 -0. 406 77 
1955 -0.7429 -0.69769 -0.57834 -1. 3552 1954 -0.27260 -0.08461 0.02282 -0.46024 
1956 -0. 7781 -0.68371 -0.51520 -1. 3202 1955' -0.25182 -0.08542 -0.03809 -0.51070 
1957 -0.9775 -0.68889 -0.36369 -1.1967 1956 -0.27666 -0.10965 . 0.02043 -0.46728 
1958 -0.7952 -0.66999 -0.45696 '-1.2235 1957 -0.24397 -0.09636 0.04204 -0.43545 
1959 -0.7457 -0. 63154 -0.42730 -1.2349 1958 -0.26517 -0.15783 -0.00921 -0.46937 
1960 -0.4444 -0.52139 -0.38438 -1.0990 1959 -0. 25726 -0.16907 0.04019 -0.44150 
1961 -0. 6315 -0.57566 -0.39131 -1.1925 1960 -0.32013 -0.28214 0.01374 -0.45709 
1962 -0.5956 -0.57537 -0.41762 -1.2266 1961 -0.28535 -0.21731 0.06541 -0.42223 
1963 -0.5451 -0.55704 -0.41797 -1.2609 1962 -0.24154 -0.18385 0.02141 -0.47171 
1964 -0.5210 -0.52060 -0. 36310 -1.2459 1963 -0.19688 -0 .14499 0.00070 -0.51276 
1965 -6.4562 -0.51861 -0.37858 -1.1984 1964 -0.18717 -0.14030 0.03158 -0.50278 
1966 -0.3670 -0.48198 -0.32350 -1.0673 1965 -0.16288 -0.17089 -0.05195 -0.56891 
1967 -0.3497 -0.47591 -0.35371 -1.1.610 1966 -0.15171 -0.22888 -0 .12291 -0.61925 
1968 -0.3401 -0.42660 -0.27408 -1.1062 1967 -0.14435 -0.19683 -0.07635 -0.59823 
1969 -0.2765 -0.40557 -0.26283 -1.0520 1968 -0.16908 -0.23080 -0.02142 -0.55618 
1970 -0.1968 -0.35736 -0.21813 -l.0027 1969 -0.17035 -0.27283 -0.05351 -0.57333 
1971 -0.1081 -0.29267 -0.14147 -0.8780 1970 -0 .18223 -0.29492. -0.04591 -0.57059 
1972 -0.1378 -0.25196 -0.07755 -0.9353 1971 -0.24169 -0.35833 -0.03766 -0.54913 
1973 -0.3599 -0.34626 -0 .11620 -l.0177 1972 -0. 22546 -0.31998 0.03367 -0.53299 
1974 -0.6842 -0.41229 -0. 01178 -1.0905 1973 -0.17615 -0.24177 0.06055 -0.52063 
1975 -0.7233 -0.44233 -0.04808 -1.0224 1974 -0.06456 0.00770 0.23664 -0.44372 
1976 -0.5258 -0.34340 0.00784 -0.9983 1975 -0.06368 -0.04577 0.15936 -0.49332 
1977 -0. 3910 -0.25886 0.08316 -0.9744 1976 -0.09010 -0.10123 0.16205 -0.50994 
1978 -0.3675 -0. 22693 0.11507 -0,9502 1977 -0.09595 -0.10748 0.18258 -0.52746 
1979 -0.4229 -0.30101 0.00762 -0.9432 1978 -0.09092 -0.12444 0.19415 -0.52932 
1980 -0.3832 -0.16191 0.22351 -0.8859 1979 -0.12729 -0.20903 0.11419 -0.52687 
1981 -0. 2232 -0.11405 0.20646 -0.7899 1980 -0.14686 -0.16534 0.26875 -0.46284 
1982 -0.1811 -0.03411 0.28973 -0.7416 1981 -0.26661 -0.32646 0.16652 -0.49480 
1983 -0.1039 0.03219 0.35606 -0. 7353 1982 -0.34848 -0,39023 0.19392 -0.45132 

1983 -0.33196 -0.36935 0.20390 -0.49184 
Notes: 

• lj ls the elasticity of demand for the i'th factor wlth respect Notes: 

to the j'th price. • lj is the elasticity of demand for the i'th factor with respect 

Inputs are: l - Land, 2 • Capital, 3 - Raw Materials, 4 • Labor. to the j 'th prlce. 
Inputs are: 1 ·•. Land, 2 • Capltal, 3 • Raw Haterlals, 4 - Labor. 
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Factor Demand Elastlcltles wlth respect to Land Prlce Factor Demand Elastlcltles wlth respect to Capltal Prlce 

YEAR '11 '21 '31 '41 YEAR '12 '22 '32 1 42 
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. 1952 -0.8923 -0. 77146 -0.66509 -1.4801 1951 -0.31866 0.03205 0.00940 -0.50389 
1953 -0.7840 -0.67890 -0.47541 -1.2324 1952 -0.31798 -0.04595 0.03831 -0.46901 
1954 -0.8674 -0. 72076 -0.53943 -1.3576 1953 -0.35986 -0. 21031 0.07578 -0. 406 77 
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1977 -0. 3910 -0.25886 0.08316 -0.9744 1976 -0.09010 -0.10123 0.16205 -0.50994 
1978 -0.3675 -0. 22693 0.11507 -0,9502 1977 -0.09595 -0.10748 0.18258 -0.52746 
1979 -0.4229 -0.30101 0.00762 -0.9432 1978 -0.09092 -0.12444 0.19415 -0.52932 
1980 -0.3832 -0.16191 0.22351 -0.8859 1979 -0.12729 -0.20903 0.11419 -0.52687 
1981 -0. 2232 -0.11405 0.20646 -0.7899 1980 -0.14686 -0.16534 0.26875 -0.46284 
1982 -0.1811 -0.03411 0.28973 -0.7416 1981 -0.26661 -0.32646 0.16652 -0.49480 
1983 -0.1039 0.03219 0.35606 -0. 7353 1982 -0.34848 -0,39023 0.19392 -0.45132 

1983 -0.33196 -0.36935 0.20390 -0.49184 
Notes: 

• lj ls the elasticity of demand for the i'th factor wlth respect Notes: 

to the j'th price. • lj is the elasticity of demand for the i'th factor with respect 

Inputs are: l - Land, 2 • Capital, 3 - Raw Materials, 4 • Labor. to the j 'th prlce. 
Inputs are: 1 ·•. Land, 2 • Capltal, 3 • Raw Haterlals, 4 - Labor. 
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Factor Demand Elasticities with respect to Raw Materials Price Factor Demand Elasticities with respect to Labor Price 

YEAR •13 •23 •33 1 43 YEAR •14 •24 •34 •44 

1949 -0.44447 0.370493 0.07799 0.354935 1949 -0. 21126 -0.16708 0.535474 -1. 0980 
1950 -0.43925 0.310445 -0.14527 0.218766 1950 -0.24577 . -0.14071 0.509832 -1. 0772 
1951 -0.44615 0.265227 -0.23999 0.050123 1951 -0.20991 -0.18871 0,420509 -1. 2179 
1952 -0.42080 0.265409 -0.23158 0.102415 1952 -0.18742 -0.165~3 0.418607 -1.1913 
1953 -0.40468 0,265628 -0.26104 0.171872 1953 -0.14621 -0.11722 0.385515 -1. 1508 
1954 -0.41340 0.315292 -0.15546 0.283700 1954 -0.10699 -0.11520 0.389944 -1.1462 
1955 -0.42899 o. 312777 -0.18496 0.259452 1955 -0 .11346 -0.11707 0.·384715 -1.1443 
1956 -0.42349 0.295029 -0.20394 0;239439 1956 -0.10492 -0.11318 ·. 0.377442 -1.1585 
1957 -0.39351 o. 368074 -0.06960 0.462978 1957 -0.03573 -0.08363 0.355301 -1.1440 
1958 -0.39885- 0.334552 -0.17190 0.336613 1958 -0.06471 -0.09194 0.343606 -1.1474 
1959 -0.39684 0,319599 -0.19527 0.339093 1959 -0.00915 -0.07652 o. 306046 -1.1935 
1960 -0.42928 0.253144 -0.34883 0.170343 1960 -0.04200 -0.07877 0.289192 -1.1981 
1961 -0,41024 0,288967 -0.25555 0.283547 1961 0.00167 -0.06633 0.293442 -1. 2095 
1962 -0.42510 0.301562 -0.23639 0,314695 1962 0.00469 -0.06676 0.299048 -1.2029 
1963 -0.44187 0. 307110 -0. 22871 0.342501 1963 0.02190 -0.06046 0.304607 -1. 2055 
1964 -0.44492 0.297014 -0.24704 0,344103 1964 '0.04722 -0.04499 0.307201 -1.2181 
1965 -0.46110 0.312991 -0.24872 o. 361219 1965 0.03770 -0.05223 0.286857 -1.2096 
1966 -0.49138 0.30893l -0.29104 0.333926 1966 .0.01708 -0.05501 o. 273179 -1.1932 
1967 -0.44919 0.291699 -0.31884 0.280741 1967 0.05057 -0.04913 0.269275 -1.2290 
1968 -0.44023 0.271717 -0.35280 0,256474 1968 0.07825 -0.02877 0.265254 -1. 2499 
1969 -0.43676 0.265510 -0.38802 0.222676 1969 0.08405 -0.03078 o. 241753. -1. 2586 
1970 -0.42995 0.240606 -0.44021 0.150284 1970 0.08263 -0.02626 0.243286 -1.2636 
1971 -0.41979 0.202794 -0.51433 0.044351 1971 0.06120 -0.02911 0.239501 -1. 2627 
1972 -0.41971 0.208318 -0.49087 0,087944 1972 0.12017 0.01365 0.267083 -1. 2903 
1973 -0.39687 0.242668 -0.42022 0.177030 1973 0.12470 0.01341 0.288810 -1.2806 
1974 -0.34320 0.290949 -0.33936 0.330061 1974 0. 21831 0.07177 0.410442 -1. 2627 
1975 -0.35444 0.311260 -0.30757 0.400529 1975 0.22590 0,05420 0.343225 -1. 3008 
1976 -0.38121 o. 273042 -0.38393 0.298249 1976 0.20745 O.u7162 0.360706 -1.2907 
1977 -0.38504 0.250475 -0.43785 0.214461 1977 .. 0.19957 0.08953 0.389015 -1. 2862 
1978 -0.38003 0.248684 -0.44989' 0.217958 1978 0.23011 0.11409 o. 393116 -1. 3066 
1979 -0.35437 o. 257785 -0.43915 0.195894 1979 0.22297 0.07344 0.308165 -1. 3335 
1980 -0.34351 0.237852 -0.47563 0.165992 1980 0.27442 0.18094 0.449837 -1. 3278 
1981 -0.38238 0.196759 -0.53338 0.049832 1981 0.21713 0.13095 0.362338 -1. 3426 
1982 -0.39630 0.184200 -0.55325 0.053898 1982 0.28701 0.19846 0.393155 - l. 3912 
1983 -0.41159 0.175687 -0.56948 0.031558 

Notes: 
Notes: '1J ls the elasticity of demand for the i'th factor with respect 

'tJ ls the elasticity of demand for the i'th factor with respect to the j'th price, 
to the j'th price, Inputs are: 1 • ·Land, 2 • Capital, 3 • Raw Materials, 4 • Labor. 

Inputs are: 1 • Land, 2 • Capital, 3 - Raw Haterlals, 4 • Labor. 
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Factor Demand Elasticities with respect to Raw Materials Price Factor Demand Elasticities with respect to Labor Price 
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1949 -0.44447 0.370493 0.07799 0.354935 1949 -0. 21126 -0.16708 0.535474 -1. 0980 
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1954 -0.41340 0.315292 -0.15546 0.283700 1954 -0.10699 -0.11520 0.389944 -1.1462 
1955 -0.42899 o. 312777 -0.18496 0.259452 1955 -0 .11346 -0.11707 0.·384715 -1.1443 
1956 -0.42349 0.295029 -0.20394 0;239439 1956 -0.10492 -0.11318 ·. 0.377442 -1.1585 
1957 -0.39351 o. 368074 -0.06960 0.462978 1957 -0.03573 -0.08363 0.355301 -1.1440 
1958 -0.39885- 0.334552 -0.17190 0.336613 1958 -0.06471 -0.09194 0.343606 -1.1474 
1959 -0.39684 0,319599 -0.19527 0.339093 1959 -0.00915 -0.07652 o. 306046 -1.1935 
1960 -0.42928 0.253144 -0.34883 0.170343 1960 -0.04200 -0.07877 0.289192 -1.1981 
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Notes: 
Notes: '1J ls the elasticity of demand for the i'th factor with respect 

'tJ ls the elasticity of demand for the i'th factor with respect to the j'th price, 
to the j'th price, Inputs are: 1 • ·Land, 2 • Capital, 3 • Raw Materials, 4 • Labor. 

Inputs are: 1 • Land, 2 • Capital, 3 - Raw Haterlals, 4 • Labor. 
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