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A Duality-Based Hodel of the Farm-Level Burley-Tobacco Sector 

Sahat Pandjaitan, David L. Debertin, and Kurt R. Anschel 

Abstract 

This paper presents a duality-based model of the farm-level 

production of burley tobacco. A flexible translog variable-profit 

function for burley tobacco producers was chosen that imposes few a 

priori restrictions upon the values that the empirical estimates of the 

parameters might assume. Cost-share equations for burley tobacco 

producers were developed based on the translog variable-profit function. 

These cost-share equations were econometrically estimated using an 

iterative seemingly unrelated regressions estimation (ITSUR) technique. 

The farm-level sector was found to possess decreasing returns to scale. 

Hence, there was no empirical evidence to support the argument that the 

consolidation of burley production into fewer but larger farms would 

lead to greater efficiency in production and lower per un1t costs 1n the 

production of burley tobacco. Certain input prices were found to exhibit 

substitutability, while others exh1bited complementarity. All own-pr1ce 

elasticities of demand for variable inputs were negative whereas supply 

elasticity of burley was positive with respect to the price . 
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A Duality-Based Model of the Farm-Level Burley Tobacco Sector 

This paper presents a duality-based model of the farm-level 

production of burley tobacco. A flexible translog variable-profit 

function for burley tobacco producers was chosen that imposes few 

restrictions upon the values that the empirical estimates of the 

parameters might assume. Cost-share equations for burley tobacco 

producers were developed based on the translog variable-profit function. 

These cost-share equations were econometrically estimated using an 

iterative seemingly unrelated regressions estimation technique. 

This study is the first attempt to develop a model of farm-level 

burley tobacco production by employing duality theory and flexible 

functional forms, and is one of very few attempts to apply duality 

theory to the production of specific agricultural commodities at the 

farm level. This study follows the framework suggested by Diewert and 

employed by Kohli and by Woodland. 

The model used in this study differs from that used in other 

studies employing duality theory to specific agricultural problems. 

First, this study estimates both the short-run and the long-run demand 

and supply functions for the burley tobacco industry, as suggested by 

Lau. For the short-run specification, the variable-profit function is a 

function of input and output prices and the level of the fixed factors. 

For the long-run specification, all inputs are treated as variable. 

Therefore, the variable-profit function is a function of all prices of 

inputs and outputs. ThiS study employs share equations to estimate the 



parameters of the demand and supply functions and various price 

elasticities of demand and supply. The following null hypotheses were 

tested: (i) the long-run demand function does not significantly differ 

from short-run demand function (ii) the long-run and short-run supply 

functions are not significantly different. Other hypotheses derived from 

economic theory, a priori, are the usual properties of demand and 

supply functions, in this case derived from Hotelling's Lemma, such as 

o(p,z)/op < 0 for input prices, and o1T(p,z)/op > 0 for product prices. 

Perhaps the most similar farm-level study was the analysis of farm

level turkey production in the Northeast (Grisley and Gitu). Sidhu and 

Baanante estimated profit functions but for Indian farms, not for a 

spec if ic agr i cuI tural commodi ty, and followed a different procedure 

suggested by Lau and Yotopoulos (1971,1972,1973). Lau and Yotopoulos, 

and Sidhu and Baanante estimated the profit function for the Indian 

farms, and primarily tested the farm relative efficiency. 

This study provides empirical estimates of returns to scale and 

relaxes the homogeneity assumption regarding fixed inputs. Hence, one 

null hypothesis to be tested 1S that there exist constant returns to 

scale in burley tobacco production. The alternative hypothesis is that 

constant returns to scale do not exist 1n the burley tobacco economy. 
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The Theoretical Model 

A Short-run Variable Profit Function 

A short-run variable profit functlon is introduced. The short-run 

implies that the input of one or more productive factors is fixed 

(Maurice. Phlllips and Ferguson. p. 175). The short-run variable 

profit function for the burley tobacco farmer is 

(1) 

~s short run profits from the sale of burley tobacco 

P price of output (burley tobacco) 

V
1 

prlce for variable inputs used in the production of burley 

tobacco. 

zk = quantities of flxed lnputs used in burley tobacco production. 

for i 1 ..... n variable inputs 

k 1 ..... m fixed inputs 

The burley supply function can be obtained by dlfferentiatlng the 

short-run variable-profit function with respect to the prlce of output 

(P)(Diewert. p. 285; Sllberberg. p. 265; Varian pp.31-32) 

( 2) 

Equation (2) is the short-run supply function for burley tobacco. 

Input-demand functions for burley producers can be obtained by 

employing Hotelling's Lemma (Varian. p. 31. Diewert. p.303): 

(3) 

From equation (3). the partial derivatives of the variable profit 
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function with respect to the variable prices of the input demand are the 

negative values for the optimal input-demand functions. 

Rearranging equation (3) gives: 

(4) 

Xi (P, V i'zk) in equatIons (3) and (4) IS the input-demand function for 

burley tobacco producers. 

It follows from equations (3) and (4) that (Varian, p. 33): 

aX i (p, V l,zk)/ap = a 2
(-lT

s )/apaV i 

-a 2lT s /apaV. 
1 

-a 2lTs /av.ap 
1 

( 5) 

Equation (5) implies the symmetry condition of the Hessian matrIx of 

the second-order condition of the input demand functions. 

Also by Hotelling's Lemma (Varian, p. 31): 

( 6) 

where Y is the output of burley tobacco. 

because, 

a Y ( P , Vi' Z k ) I a V i = { [ a { a IT s ( P, VI' Z k ) } I a P ] I a VI} (7) 

Equations (6) and (7) imply that the partIal derivative of the optimal 

input X1(P,Vi,zk) with respect to the price of output, P, is equal to 

the negative of the partial derivatIve of output Y(P,V,zk) with respect 

to the price of inputs, Vi' 

And by Young's Theorem (Chiang pp. 323-324, Varian p. 33): 
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=a(-x )/dP 
1 

(8 ) 

Equation (8) reveals that the second derlvative of the variable-profit 

function is the (negatlve) partial derivatlve of optlmal input with 

respect to the prlce of output. 

By the Slutsky equation (Varlan p. 95): 

Therefore, 

Equation (9) represents the partial derlvatives of the lnput demand 

function Xi(P,V1,zk) with respect to the price of inputs. This is an 

applicatlon of the Slutsky equation (Varian, p. 95; Si 1 berberg, p. 

248-250). From equation (10), a comparatlve-statics analysis of the 

demand functions can be made. The negative slgn of equation (10) lmplies 

a gross substitute of the input-demand function, where a positive sign 

sign implles a gross complement. For example, by applying equatlon (10) 

to the input-demand functions for labor and machinery, the 

complementarity or substitutability of the inputs can be determined. 

Equation (10) indicates that the sign of own-price term (aXi/ap) is the 

negative of the income term (aXi/ay) of the lnput demand functions. 

These concepts wlll be employed to analyze the short- and long-run 

supp 1 Y and the input demand funct ions bur 1 ey tobacco producers. 

The short-run translog variable-profit function for the burley 

tobacco producer is: 
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n 
In~s= Bo + BplnP + L 

i=1 

n n 
L Bij InV IlnV j + L Bp1lnPlnV i 

J=1 i=1 

m m m 
+ L Bk Inzk + 1/2 L L BkR.lnzklnzR. 

k=1 k=1 R.=1 

m n m 
+ L BklnP Inzk +L L Bik InV i Inzk (11) 

k=1 i=1 k=1 

where: 

~s = short run profit to the burley tobacco producer 

P = price of burley tobacco 

Zk = fixed inputs 

1= 1,2, ... ,n 

k= 1, •.• ,m 

Equation (11) is homogeneous of degree one in prices if and only if the 

the following restrictions are satisfied (Diewert, p. 581): 

BiP + LIBi = 1 

Bpp +LjB iJ + LiBPi 

LiLjBlj + LIBpi =0 

o 

( 12) 

A translog profit function (Diewert) fulfilling these restrictIons is 

homogeneous of degree one in all prices of variable inputs and the 

output price P, non-decreaSIng, convex and continuous. 
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Supply Response to Changes in the Price of Burley Tobacco 

D1fferentiating equation (11) with respect to InP yields: 

Equation (12) can be expressed as: 

alnws;alnP = (aws;ap)(p;w s ) 

aws lap = yS 

Therefore equation (13) can be also written as: 

= Sy 

( 12) 

(13) 

(14 ) 

( 15) 

SY is the output share of short-run profit for the burley tobacco 

producer. But by equation (12), Sy 1S also the output-price elasticity 

of profit, that is, the percentage change in profit with respect to 

change in the price of output. 

From equation (14): 

yS = (ws;P)SY 

yS= I;;T 

where: I;; =ws;p 

T = alnws;cllnP=SY 

= 8p + 8pp l nP + 8pi InV 1 

7 
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yS in equation (17) is the short-run supply function for the burley 

tobacco producer. 

The Demand for Inputs by the Burley Producer 

Differentiating equatlon (11) with respect to lnV i yields: 

or, 

But, 

and, 

n m 
+ I (3 .. lnV. + I (3ik lnzk 

j=1 lJ J k=1 

-x. 
1 

( 18) 

(19) 

(20) 

(21) 

Equation (20) is the input-demand function for the ith input by the 

burley tobacco producer, constructed with the use of Hotelling's Lemma. 

Substituting equation (21) into equation (19) gives: 

(22) 

The SX l in equation (22) is the input share of profl t 1T
S of the 

burley producer, and SX l is also the input price elasticity of profit 1T
S 
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w1th respect to the percentage change 1n the input price (Vi). 

It directly follows from equation (22) that: 

or, 

Xl =(- ,[[s/V i)(aln ,[[s/dIn V 1) 

=(- '[[s/V. )SX. 
1 1 

where, 

)Ji = ,[[s/V 1 

!Ii = a In'[[s IdInV i = SX i 

n m 
+ I 8·· InVJ + I 81k lnzk j=l 1J k=l 

(23) 

(24) 

Equation (24) is the short-run demand function for the ith input by the 

burley tobacco producer. 

Long-Run Translog Variable-Profit Function 

The long-run translog var1able-profit function differs from the 

short-run function in that all inputs are treated as variable, and hence 

there is no zk vector in the function or terms 1nvolv1ng interactions 

with the fixed 1nput vector. The number of variable 1nputs (n) is 

increased by the m (prev10usly fixed) 1nputs to r (r>n, r-n=m). The 

long-run funct10n is: 
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where: 

r 2 

I <P 1
1nV 1 + l/2Ppp(lnP) 

1=1 

r 2 r r 
¥/2 I <Piln(V i ) + 1/2 I ) <PijlnVilnVJ i=l i=l J=l 

r 
+ I <Ppi InPlnV i 

i=l 

TIl = long run profit to the burley tobacco producer 

1= 1, .•. , n, ... , r 

with the following restrictIons: 

<Pp + Ii<Pl = 

<PPP +IJ <Pij + II <PPI 0 

<Pli + Ij<PiJ + II <PPi 0 

(25) 

The derivation of long-run burley supply and factor-demand equations 

proceeds analogously to the short-run deri vation, and is not repeated 

here. This derivation can be found In PandJaltan. 

The Empirical Hodel 

The empirical model of burley tobacco productIon follows the 

theoretical derivation employing the translog profit functIon. The cost 

categories employed at the farm level follow those contained In Grise. 

Grise defines six main cost categories, (1) land, (2) labor, (3) 

machInery, (4) eqUIpment, (5) chemicals, and (6) other inputs. 

In addition to a change for land, a quota charge IS also included. 

Labor includes hired labor, a valuation on famIly and exchange labor 

and operator labor all based on the prevaIling wage rate. Machinery 

includes machinery ownership costs, fuel and lubrIcants, and repairs. 

Equipment includes custom operations, curing and heating eqUIpment, 

irrigatIon and barn ownership costs. Chemicals include fertIlIzer, lIme, 

1 0 



pesticides, and sucker control chemicals. (Grlse, 1978). All remaining 

inputs are classIfied as other inputs, for example tobacco seed, cover 

crop seed, plant bed canvas and other mIscellaneous items. The prIce of 

burley tobacco received by the farmer 1S used as the output price. For 

the purpose of analysis, the cost of variable inputs is regrouped into 

four main categories, costs of land, cost of machInery and equipment, 

labor costs, and operating capital which includes all other variable 

costs. Acreage harvested of burley tobacco is treated as the quantity of 

the fIxed input land. In the short-run, the machInery and equipment 

cannot be readily changed, even when the market condItions allow for a 

change In output (MaurIce et ~~ p. 174). 

Following equation (11), a translog variable-profit function at 

the farm level uses the prIce of burley tobacco receIved by the 

farmers to represent P. The acreage harvested of burley tobacco (LF) is 

the single fIxed input. Costs for variable inputs include two 

categories, the cost of labor used in the production of burley tobacco, 

and the cost of operating capital. A translog variable-profit function 

at the farm level can be written as : 

2 2 2 
+1j28NFNF(lnVNF) + l/:J3KFKF(lnvKF ) -tl/:J3LFLF(lnLF) 

+8pFNFlnPFlnVNF+ 8pFKFlnPFlnVKF +8pFLFlnPFlnLF 

+8NFKFlnVNFlnVKF + 8NfLFlnvNFlnLF +8NFKFlnvNFlnVKF 

(26) 
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where * lTF proflt at the farm level 

PF prlce of burley tobacco recelved by the 

farmers. 

LF = acreage harvested of burley tobacco. 

VNF = labor cost used to produce burley tobacco. 

VKF = cost of operating capital. 

Equation (26) is homogeneous of degree one in all prices if and only lf 

restrictlons in (8) are satisfled (Dlewert, p. 581) i.e.,: 

8pF + 8NF + 8KF = 1 

8pFPF + 8PFNF + 8pFKF 0 

8LFLF + 8LFNF + 8LFKF 0 

8NFNF + 8PFNF + 8NFKF = 0 (27) 

8KFKF + 8pFKF + 8NFKF = 0 

Differentiating equatlon (26) with respect to InPF 

(Diewert; Kohli; Woodland) gives: 

(28) 

~lso, differentiating equation (26) with respect to lnV NF gives the 

sh~re equation for labor: 

(29) 

A slmilar equation can be derived for operating capital: 

(30) 
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Equations (29) and (30) are used to develop a system of lnput demand 

functions for burley tobacco at the farm level. The derlvative i~ (29) 

can be also rewritten as: 

By equation (24), 

(32) 

and, 

(33) 

Equations (32) and (33) use Hotelling's Lemma. In thlS case XNF is 

the demand function for labor at the farm level. Substituting equatlon 

(33) into equation (31) glves: 

(34) 

The varlable SXNF ln equatlon (34) is the labor share of * profit lT F• It 

is also the input (labor) prlce elasticity of profit w;, that is, the 

percentage change in proflt with respect to the percentage change 

in labor costs (V NF ) by equation (32). Rearranglng equation (32) 

Ylelds: 

* * (-lTF/VNF)(alnlTF/alnVNF) 

* - (lTF/VNF)SXNF (35) 

Substltutlng equation (30) into equatlon (34) glves the following: 

(36) 
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where: ~NF 

QNF = BNF+BNFNF lnV NF+BpFNF lnV PF+BLFNF lnV LF 

+BNFKFlnVKF 

Equat10n (36) is the demand function for labor at the farm level. 

Input-demand functions for operat1ng cap1tal can be derived analogously. 

Equation (28) can be used to develop the supply function at the 

farm level: 

But by Hotelling's Lemma 1n equation (23) we can obtain: 

y* 
F (38) 

Substituting equation (38) into equat10n (37) Y1elds: 

(39) 

* The variable SYF in equation (39) 1S the net-output share of prof1t TIF' 

It is also the output pr1ce elast1city of profit equation (28), 

that is, the percentage change in * . prof1t TIF w1th respect to the 

percentage change in the price of burley tobacco (P F) rece1 ved by 

the farmers. 

From equation (39), 

(40) 

Subst1tuting the derivative 1n (28) into equat10n (40) gives: 

y* 
F 

14 
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where * /;;F =1T F/P F 

~F=8pF+8pFlnPF+8pFLFlnLF+8pFNFlnVNF 

+8pFKFlnVKF 

Equation (41) is the supply function at the farm level. 

Stochastic Formulation 

The first step is to incorporate disturbance terms into the 

translog variable-profit function and the net-output share equations. 
, 

It is assumed that E(E:i)=O, E(E:iE:i)=oilI, E(E:iE:j)=OijI, and the E:i'S are 

normally distributed. The short-run econometric model of the farm 

level is bUllt by adding the stochastic disturbances to equation 26. 

The stochastic, short-run, translog varlable-profit function is: 

2 

+ % BLFLF(lnLF) +BpFNFlnPFlnVNF+BpFKFlnPFlnVKF 

+8pFLFlnPFlnLF +BNFKFlnvNFlnVKF+BNFLlnVNFlnLF + 

(42) 

where s = short-run 

All other varlables and parameters are as previously defined. The share 

equations are 

Net Output Share of Proflt: 

(43) 
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Labor Share 

( 44) 

Operating Capital Share 

(45) 

The model is complete Slnce there is one equation for each endogenous 

Similarly, the long-run, farm-level model, treating the 

land and quota charge (V LF) as variable is: 

InTI = 820 + 8pFlnPF+8LFlnVLF+8NFlnvNF + 8KFlnVKF+8KFlnKF 

2 2 

+1j28KFKF(lnvKF) + 1J28HFHF(lnVHF) + 8pFLFInPFlnVLF 

+8pFNFlnPFlnvNF+8pFKFlnPFlnvKF+8NFKFlnvNFlnvKF 

+ 8pFHF 1 nPF In V HF +8 LFNF I n V LF 1 n V NF+8LFKFlnV LF lnV KF 

+8 LFHF InV LF InV HF +8 NFKF InV NF InV KF+8NFHFlnVNFlnVHF 

(46) 

Where VNF = Labor Cost, VKF = Cost of operating Capital, VLF= the land 

and quota charge, and VHF = other overhead costs. 

The Cost-Share Equations are: 

Net Output Share of Profit 

SYF=8pF + 8pFPFlnPF+8pFLFlnVLF + 8pFNFlnVNF + 8pFKFlnVKF 

1 + 8pFHFlnVHF+ UpF (47) 
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Land and Quota Share 

SXLF =8 LF + 8LFLFlnVLF+8pFLFlnPF+ 8LFNFlnVNF + 8LFKFlnVKF 

+ 8LFHF InV HF+ utF (48) 

Labor Share 

Operating Capital Share 

Overhead Cost Share 

SXHF =8 HF + 8HFHFlnVHF+8pFHFlnPF+ 8LFHFlnVLF + 8NFHFlnVNF 

+ 8KFHF InV KF+ U~F (51) 

The model is complete since there 1S one equation for each endogenous 

variables appearing on the right-hand side of each equat10n are treated 

as predeterm1ned. 

The est1mation method 1S Iterat1ve Seemingly Unrelated Regressions 

(ITSUR) to allow for the possibility that the error terms may be 

correlated. Parameters of the model cannot be estimated via Seemingly 

Unrelated Regress10ns (SUR) wi thout omi tting one equation, since the 

shares sum to one. If parameters of all share equat10ns but one are 

known, then the parameters of the rema1ning category can be calculated 

without regression estimates. Therefore one share equation must be 

omitted. But 1f parameter estimates are estimated via ordinary SUR, the 

remaining equations are not invar1ant to the choice of the equation to 

omit. The ITSUR is used since the ITSUR method has an invariance 

property (SAS/ETS User's GU1de:Econometrics and Time Series L1brary). 
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This means that the ITSUR produces the same parameter est1mates 

regardless of which equation is om1tted from the share equations. For a 

translog function w1th share equat10ns such as the one used in th1S 

study, this property is desirable. Other methods of est1mat1on are also 

not invariant to the equation omitted unless an iterat1ve algorithm is 

used (Berndt and Wood, p. 261). The parameter estimates were derived 

using the SYSLIN procedure contained in SAS/ETS User's Guide. 

Data 

This study employs secondary data from various government sources. 

Append1x Table 1 provides a 11sting of the variables and the sources of 

data. Append1x Table 2 provides a listing of the data used 1n the 

analys1s. Time-series data are used for all variables in the estimation. 

Data for output prices, input prices and quantities of f1xed 1nputs 

were derived from various issues of The Tobacco Outlook and Situation. 

These were ava1lable at the farm level for the period of 1976-1985. 

The 1976-1985 data were adjusted by the producer output index using the 

procedure employed by Burton and Wollo, to generate a data set 

consisting of 31 observations for the years 1955-1985. For example, 1f 

the 1970 index is 75.98 and the 1977 1ndex 1S 100, then the 

adjusted-input cost for 1970 is (Index for 1970/Index for 1977)·(the 

1977 input cost). Thus, the labor cost (V NF ) for example is, VNF=(Index 

for 1970/Index for 1977)-(Labor cost for 1977), 1n this case, 

(75.98/100)-(44.09)=33.50. 

Data were based on a survey conducted by Grise conducted for burley 

production in Tennessee (20 counties) and Kentucky (47 counties). 
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ApprOXImately 700 farmers were interviewed in March and April 1977. 

Information on land use and rental arrangements, expenditures for items 

such as fertilizer and chemicals; field operatIons and practices; power 

and equipment inventory including size and age: family, exchange and 

hired labor used and wages paid for hired workers; expenditures for farm 

overhead items. The costs of producing burley tobacco were estimated 

based on this survey and subsequently used as data base for periodic 

updates of the estimates (Grise, 1978, p. 37). A detailed discussion of 

definition and estImates of labor, land, machInery, operating costs is 

found in Grise. The data series representing profits was computed by 

deducting the total variable costs from the total value of production 

for 100 pounds of burley tobacco for each year. 

Short- and Long-Run Hypotheses 

Formal tests of hypotheses for the short-run and the long-run 

translog variable-profit functIons and the short-run and the long-run 

net-output share equations are deri ved. Tests were designed to 

determine whether the parameter estImates of the short-run translog 

variable-profit function are the same as parameter estimates of the 

short-run net-output share equations, based on the F distrIbutIon (Theil, 

Kmenta). If the null-hypotheses are rejected, then the restrictions 

imposed by the theory were not valid. Therefore, profit-maximizing 

behavior within the perfectly competItive market does not apply to the 

burley tobacco industry. If the null-hypotheses are not rejected, then 

profit-maXImizing behavior cannot be rejected. The same procedure is 

also conducted for the long-run translog variable-profit function and 

net-output share equatIons. A test designed to determine whether 
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comparisons can be made between the parameter estimates of the short-run 

and the long-run model is also conducted. A test 1S also used to 

determ1ne whether the short-run price elasticities are the same as the 

long-run price elastic1ties. 

The constant returns-to-scale hypothesis for the bur I ey tobacco 

industry at the farm level is evaluated based on the parameter estimates 

on the quantity of the f1xed input. If the coeff1cient is slgn1ficantly 

greater than one, then the burley tobacco industry at the farm level has 

1ncreasing-returns to scale. Constant returns-to-scale occur if the 

coefficient is not significantly d1fferent from one, decreasing returns

to-scale occur if the coeff1cient 1S less than one. The remain1ng 

discussion is an analysis of the estimated parameters of the model. 

Ind1vidual significance tests of the parameters are conducted based on 

asymptotic standard errors. 

Tests of hypotheses are conducted to evaluate the val1d1ty of the 

parametric restrictions within and across the translog variable-profit 

function and the net output-share equations using an a level of 0.01. 

The null hypothesis is that there is no difference between the est1mated 

parameters of the short-run translog variable-profit function and the 

short-run net-output share equations. The alternative hypothesis is that 

the est1mated parameters of the short-run var1able-profit function are 

greater than the estimated parameters of the short-run net-output share 

equations. The computed F value is 2.28 and F (0.01,14,14) is 3.69. 

Therefore, the null hypothesis cannot be rejected at the 0.01 level of 

sign1f1cance. This 1mplies that the restrictions hold for the burley 

tobacco industry at the farm level. In other words, the profi t

maxim1zing behavior w1th respect to all pr1ces of the variable 1nputs 

20 



and the quantity of f1xed 1nputs applies to the the farm level. 

For the long-run translog variable-profit function, the computed F 

value is 2.52 and F (0.01,20,29) 1S 2.58. Therefore, the hypothesis 

that the estimated parameters of the long-run translog variable-profit 

function are not different from the estimated parameters of the long-run 

net-output share equations cannot be reJected. Th1S implies that the 

profit-maximiz1ng behavior w1th respect to all prices of variable inputs 

also appl1es to the farm level. However, this conclus1on is conditional 

on the cho1ce of an a level of 0.01, Slnce the critical value for F 

(0.05,20,29) 1S 1.94. 

Tests of hypotheses were conducted on the parameters of the short

run and the long-run translog variable-prof1t funct1ons. It is 

hypothes1zed that the parameters of both functions are the same. The 

computed F-value is 1.28, the F (0.01,14,20) 1S 3.14, and therefore the 

null hypothes1s 1S not reJected. 

The parameter est1mates of the short-run and long-run net-output 

share equations are also hypothes1zed to be the same. The al ternati ve 

hypothes1s 1S that the parameter est1mates of the short-run net output 

share equations are greater than the parameter estimates of the long-run 

net output share equat1ons. The computed F value is 1.44 and F 

(0.01,14,29) 1S 2.78. Therefore the parameter estimates of the short-run 

and the long-run net output share equations are not different at 0.01 

level of significance. 

A hypothes1s test is conducted on the pr1ce elastic1ties of the 

derived-input demands and the output supply. It is hypothesized that the 

price elasticities of the two models are not different. The computed F-
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value 1S 1.68 and F (0.01,9,24) is 3.26. Therefore, the null hypothes1s 

cannot be rejected, and the price elasticities of derived input demands 

and output supply of the long-run and the short-run translog var1able-

profit function are not sign1ficantly different from each other at 0.01 

level of significance. 

Finally, the coeff1cient of the fixed quantity of land 1S 0.2406 

(the asymptotic standard error is 0.0029, Table 1). Based on this 

value, the burley tobacco industry possesses decreas1ng-returns to 

scale at the farm level. However, this test should be interpreted with 

caution since land was the only f1xed input. Also, the sum of the 

coefficients of land with other var1able 1nputs across equations is 

negative. If the parameter on the land 1nput 1S one and the sum of the 

parameters on the land input and the other variable inputs across 

equati ons is zero, then there exi sts constant returns-to-sca 1 e 

technology, but these resul ts suggest that burley production has 

decreasing, not constant returns-to-scale. 

The Translog Variable Profit Function and Net-Output 
Share Equations. 

The parameter est1mates for the model are presented in Tables 1-4, 

and derived elasticity est1mates for input- demand functions and the 

supply of burley tobacco are presented in Tables 5 and 6. The results of 

the estimation indicate that for the short-run translog variable-profit 

function, all f1fteen estimated parameters are d1fferent from zero at 

the 0.01 level of signif1cance. For the long-run translog variable-

profit function, all twenty-one estimated parameters are sign1ficantly 
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different from zero at an CI. level of 0.01 (Tables 1 - 4). Also all 

estimates of own- and cross prlce elasticities of demand for land, 

labor, operating capital, and machinery are signiflcant. Estimated own

and cross-elasticities of output supply are all different from zero at 

a 0.01 level of significance (Tables 5 and 6). 

For the short-run translog variable-profit function all variable 

lnputs significantly affect proflt (Table 1). Also, all varlable 

inputs of the long-run translog variable-profit function slgniflcantly 

affect proflt (Table 2). For the share equations, all varlable inputs 

significantly affect the share equations (Tables 3 and 4). 

Land 

The coefflcient for the quantity of the flxed lnput is 0.2406 

[with an asymptotic standard error of 0.0029 (Table 1) ] indlcating that 

the burley tobacco lndustry at the farm level possesses a technology 

leading to decreaslng returns to scale. Theoretlcally, decreasing 

returns to scale implies that if the quantity of fixed input (land) 

is lncreased by one unit, output will increase less than 

proportionately, in this case, 0.2406. This finding may be due in part 

to constants imposed by the existing government programs for burley 

tobacco. However, comparisons with results of prior studles cannot be 

made since previous studies on burley tobacco have not explicitly 

estlmated the returns to scale for the burley tobacco lndustry 

(Johnson; Sutton; Snell; Blackwell). Tyner and Tweeten (1966) reported 

decreasing returns to scale for U.S. agriculture in general. For burley 

tobacco, the result is consistent wlth their findlngs for all of 
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agriculture. 

However, this resul t must be interpreted WI th caution since 

quantities of other fixed inputs such as machinery and equIpment are not 

included. More detailed data on quantity of other fIxed Inputs such as 

machinery and equipment, and structures (barns) should be obtained In 

order to investigate this further. 

For the long-run translog variable profIt function, the coefficient 

of the variable input, land, is 0.1238 (with an asymptotic standard 

error of 0.0002, Table 2) which is signifIcantly different from zero. 

The own-price elasticity of demand for land is -2.1466 (sIgnificant at 

a=0.01 percent, Table 6). This ImplIes that a 10 per cent increase in 

the price of land will result in a 21.466 per cent decrease In the 

demand for land. The cross-price elasticity of demand for land with 

respect to the percentage change In the price of labor is 0.1520 

(signIficant at a=0.01 percent, Table 6). A positive value of a cross

price elasticity implies that the two inputs are substitutes (Henderson 

and Quandt, p. 186). The greater the (positive) value of the cross

price elasticity the closer the degree of substitutability between the 

two inputs. Here, a 10 percent increase In the price of labor will 

result in a 1.52 percent increase in the demand for land. Therefore, 

land and labor are substitutes, but not close substitutes for each 

other. 

The cross-price elasticIty of demand for land with respect to the 

percentage of the price of operating capital IS 0.1070 (significant at 

a=0.01, Table 6) WhICh implies that land and operating capItal are 

substitutes. A 10 per cent increase in the price of operating capi tal 
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will result in 1.07 per cent 1ncrease in the demand for land. The 

cross-price elastic1ty of demand for land with respect to the percentage 

change 1n the price of machinery and equipment is -0.0281 (signif1cant 

at a=0.01 percent). This impl1es that land and machinery and 

equipment are complements. (Maurice et al. p. 380; Henderson and Quandt, 

p. 186). A 10 percent 1ncrease in the price of machinery and equipment 

brings about a 0.281 percent decrease in the demand for land. The low 

degree of complementarity is consistent with the argument that small 

burley farms do not lend well to mechanizat10n (Johnson).The output

price elasticity of demand for land with respect to the percentage 

change in the price of burley tobacco is 0.7900 (sign1ficant at a=0.01 

percent, Table 6) and indicates that a 10 per cent increase in the price 

of burley tobacco will result 1n a 7.9 percent increase in the demand 

for land. This result is theoretically consistent since an increase in 

the pr1ce of output will encourage farmers to 1ncrease their acreage of 

burley tobacco. A positive sign of pr1ce elasticity of demand for land 

indicates that land is a normal input. (Ferguson, pp. 197-204). 

To summarize, the parameter estimates for the land variable are 

theoretically consistent wIth the prev ious studies (Tweeten and Tyner; 

Johnson). The cross-price elasticity estimates indIcate that land 

complements machinery and eqUIpment but substitutes for labor and 

operating capital. The result Indicates that land is a normal input 

relative to the prIce of burley tobacco SInce an Increase In the price 

of burley tobacco results in an Increase in the demand for land. 

Labor 

For the short-run translog variable-profit function, the 

coefficient for labor IS 0.1298 (significant at a=0.01, Table 1). The 
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magnitude of the own-price elasticity of demand for labor is -2.1035 

(signif1cant at <:1=0.01 percent, Table 5), implying that a 10 percent 

increase in the price of labor will result in a 21.035 percent decrease 

in the demand for labor. The output-price elast1city of demand for 

labor with respect to the percentage change in the price of operating 

capital is 0.0333 (significant at <:1=0.01 percent, Table 5), implying 

that labor and operating capital are substitutes. However, labor and 

operating cap1tal are not close substitutes S1nce a 10 percent 

increase in the price of operating capital w1ll result 1n 0.333 

percent increase in the demand for labor. The cross-price elasticity of 

demand for labor with respect to the percentage change in the price of 

burley tobacco is 1.3492 (s1gnificant at <:1=0.01 percent, Table 5). This 

is consistent with Johnson's study which argues that because of the 

nature of harvesting and str1pping the burley leaves, burley tobacco 

production 1S highly labor intensive. Price increases for burley tobacco 

encourage farmers to produce more and, in turn, demand more labor. 

For the long-run translog variable-profit funct1on, the coefficient 

of the varlable input, labor, is 0.1238 (s1gnificant at <:1=0.01 percent 

Table 2). The own-pr1ce elastic1ty of demand for labor is -2.1192 

(significant at <:1=0.01 percent, Table 6), implying that a 10 percent 

increase in the pr1ce of labor will result in a 21.192 percent decrease 

in the demand for labor. The cross-price elasticity of demand for labor 

with respect to the percentage change in the price of land is 0.1364 

(significant at <:1=0.01 percent, Table 6), 1mplying that labor and land 

are substitutes. A ten percent increase 1n the price of land will result 

in a 1.364 percent increase 1n the demand for labor. The cross price 

elasticity of demand for labor w1th respect to the pr1ce of machlnery 
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and equipment is 0.0882 (significant at a=0.01 percent, Table 6), 

1mplying that labor and mach1nery and equipment are substitutes. However 

the degree of substitution is low Slnce a 10 per cent increase in the 

price of machinery and equipment will result in a 0.882 percent increase 

in the demand for labor. The cross-price elast1c1ty of demand for labor 

w1th respect to the percentage change of the price of operating capital 

is 0.1070 (significant at a=0.01, see Table 6). This means that labor 

and operating capi tal are substi tutes. F1nally, the output-price 

elasticity of demand for labor with respect to the price of burley 

tobacco 1S 0.8329 (slgn1ficant at a= 0.01 percent, Table 6). A 10 

percent increase in the price of burley tobacco will result in a 8.329 

percent increase in the demand for labor. 

Hence, labor is a sign1ficant regressor in both the short-run and 

long-run translog variable-profit funct1on. The own-price elasticity of 

demand for labor is negative. Labor lS a subt1tute for land, operating 

capital, and machinery and equipment. A positive cross-price elasticity 

of demand for labor w1th respect to the price of output 1mplies that 

labor is a normal wput (Ferguson, pp. 197-204). 

Operating Capital 

The coefficient of operating capital for the short-run translog 

variable profit function is 0.0700 (significant at a=0.01, Table 1). The 

own-price elasticity of operating capital is -1.9773 (significant at 

a=0.01, Table 5) Wh1Ch implies that a 10 percent increase in the price 

of operating capital will result in a 19.8 percent decrease in the 

demand for operat1ng capital. The cross- price elasticity of operating 

capital with respect to labor is 0.0521 (Table 5) implying that 
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operating cap1tal and labor are substitutes. However, the small cross

pr1ce elasticity indicates that labor and operating capital are not 

close substitutes. A ten percent 1ncrease in the price of capital will 

resul t in a 0.521 percent increase in the demand for labor. The cross

pr1ce elasticity of operating capital w1th respect to the the pr1ce of 

output is 1.2080 (slgnificant at a~0.01, Table 5), which impl1es that a 

10 percent increase in the price of burley tobacco will result in a 

12.08 percent increase in the demand for operating capital. 

For the long-run translog var1able-profit function, the coeff1cient 

of the variable input, operating capital, is 0.0713 (significant at 

a~0.01, Table 6). Therefore, operating capital influences long-run 

profit, but but not to the degree of the other variable inputs, 

including land and labor. 

The own-price elast1city of demand for operat1ng capital is -1.9939 

(significant at a~0.01, Table 6). The sign is theoretically correct. The 

result implies that a 10 percent increase 1n the price of operating 

cap1tal will result in a 19.94 percent decrease in the demand for 

operating capital. The cross-price elasticity of demand for operating 

cap1 tal with respect to land 1S - 0.0239 (slgnificant at a=0.01, Table 

6), indicating that operat1ng capital and land are complements. However, 

the degree of complementarity 1S low, Slnce a 10 percent 1ncrease in the 

price of land results in only a 0.239 percent decrease in the demand for 

operat1ng capital. The var1able input, labor, 1S a substitute for 

operating capital since the cross-price elasticity of demand for 

operating cap1 tal wi th respect to the pr1ce of labor is 0.0521 

(significant at a=0.01, Table 6). Th1S impl1es that a 10 percent 

increase in the price of labor resul ts 1n a 0.521 percent increase in 
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the demand for operating cap1tal. The cross-price elast1city of demand 

for operating capital with respect to the percentage change in the price 

of machinery and equipment is -0.0814 (signif1cant at a=O.Ol, Table 6) 

Wh1Ch 1S an indication that operating capital and mach1nery and 

equipment are complements. 

The cross-pr1ce elasticity of demand for operat1ng capital w1th 

respect to the price of burley tobacco is 0.5547 (slgmf 1cant at a=O.Ol, 

Table 6) indicating that a 10 percent increase in the price of burley 

tobacco will result in a 5.547 percent increase 1n the demand for 

operat1ng cap1tal. 

The results suggest that operating cap1tal is a significant 

variable affecting both the short-run and long-run profit. Operating 

capital and land are complements (as ind1cated by the negative sign of 

cross-price elast1city) whereas labor and machinery are substitutes for 

operat1ng capital. Operat1ng cap1tal is a normal 1nput since an 1ncrease 

in the price of burley tobacco results in an increase in the demand for 

operating capital. 

Machinery and Equipment 

The coefficient of machinery and equipment is 0.1116 (signif1cant 

at a=O.Ol, Table 2). The own-price elasticity of demand for machinery is 

-2.1129 (signif1cant at a=O.Ol, Table 6) 1mplying an 1nverse 

relationship with 1tS own price which is theoretically correct. A 10 

percent increase in the price of mach1nery will result 1n a 21.129 

percent decrease 1n the demand for machinery. 

The cross-price elasticity of demand for machinery with respect to 
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the price of labor is 0.1061 (sIgnificant at 0.=0.01, Table 6). This 

implies that machinery and labor are substItutes. A 10 percent increase 

in the price of labor will resul t in a 1.061 increase in the demand for 

machinery. A low degree of substitutability between machinery and labor 

is consistent SInce the production of burley does not lend Itself to 

mechanization (Johnson, p. 85). Machinery is primarily used for field 

preparation, transplanting, spraYIng and leaf transportation. Other 

activities such as harvesting and stripping off burley leaves are done 

by manual labor. 

The cross-price elasticity of demand for machinery with respect to 

the percentage change in the price of operating capital is -0.0584 

(significant at 0.=0.01, Table 6) Implying that machinery and equipment 

and opera ting capi tal are compl ements. The cross-pr ice e 1 as ti c ity of 

demand for machinery with respect to the percentage change in the price 

of burley tobacco IS 0.8015, indicating a positive relatIonship between 

machinery and equipment and the price of burley tobacco. Machinery is a 

normal input since an increase in the price of output by 10 percent wIll 

result in a 8.015 percent increase in the demand for machinery. 

There are no direct comparisons of these results with other studies 

dealing with tobacco. However, a study on the demand for U.S. farm wheel 

tractors (Mui) found a negatIve relationshIp between the demand 

response and the change in the price of the output. Mui contended that 

the crop prIce index was inappropriate and was the most plauSIble 

explanation for obtaining the wrong sign. An alternative explanation IS 

that, farm-wheel tractors were an inferior input. This study concludes 

that machinery is an important inputaffecting profit,ls inversely 
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related to its own pr1ce, is a complement w1th operating capital, and is 

a substitute for land and labor. 

Supply 

For the short run, the own-prlce elastic1 ty is 0.6061 (signif1cant 

at a=0.01, Table 5), 1mplying a positive relationsh1p between burley 

tobacco and its own price. The result indicates that a 10 percent 

increase in the price of bur ley tobacco wi 11 resul t 1n a 6.061 percent 

increase in the supply of burley tobacco. This result contradicts w1th a 

previous study (Sutton, p. 127) where a price elast1c1ty was estimated 

to be - 0.031. Sutton's resul t implies that a 10 percent increase in the 

price of burley tobacco received by the farmers will result in a 0.31 

percent decrease in the quantity of burley tobacco produced. The result 

is a highly inelastic response. However, the negative sign contrad1cts 

the theory since the own-price effect of supply is pos1tive (Varian, 

1978, p. 33). US1ng the price equat10n from Sutton's regression 

slmulation, the response of the quantity of burley tobacco produced with 

respect to the real pr1ce of burley tobacco rece1ved by the farmers was 

reestimated and the est1mated value was -4.3225. Th1S indicates an 

elastic response, but the sign is theoretically incorrect. Thus, our 

estimate of own-pr1ce elasticity of +0.6061 is more plaus1ble. 

The cross-price elastic1ty of supply w1th respect to the pr1ce of 

labor is -0.5956 (slgmficant at a=0.01, Table 5), implY1ng that labor 

1S a normal input (Ferguson, pp. 197-204). A 10 percent increase in the 

price of labor will resul t 1n a 5.956 percent decrease 1n the output 

supply. Compar1sons w1th previous stud1es cannot be made because th1S 

relationsh1p has not been explicitly 1nvestigated before for burley 
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tobacco industry at the farm level. The supply elastIcIty of operatIng 

capItal is -0.5047 WhICh also implies that operating capital is a normal 

input. A positive relationship exists between supply and the quantity 

of fixed input, which IS 0.2357 (significant at a=0.01, Table 5). If 

land is expanded by 10 percent, the burley supply will increase by 

2.357 percent. This finding is consistent wi th the coeffIcient of the 

short-run translog function where a 10 percent expansion of land will 

increase the profit by 2.406 percent. 

For the long run, there IS an analogous interpretatIon of own- and 

cross-price elasticIties of output supply with respect to changes In the 

price of burley tobacco receIved by the farmers and the prIce of 

varIable inputs. For example, the own-price elasticity of supply IS 

0.8353 (signifIcant at a= 0.01, Table 6), ImplYIng a posHi ve response 

between supply of burley tobacco and the price of burley tobacco. In 

this case, a 10 percent increase In the prIce of burley tobacco results 

in a 8.353 percent increase in the supply of burley tobacco. All cross

price elastIcities of supply wIth respect to the prIce of variable 

Inputs are negative (Table 6). For example, cross-price elasticity with 

respect to prIce of labor is -0.5218 (signifIcant at a=0.01 Table 6). A 

10 percent increase in the prIce of labor will result in a 5.218 percent 

decrease of the supply of burley tobacco. 

In summary, the short-run and long-run supply of burley tobacco 

IS posItively related to its own prIce but InelastIC, as indIcated by 

the estImated own-prIce elastlclty of supply. For the short-run, all 

varIable inputs are negatIvely related to the output supply. The short

run supply elasticity with respect to the percentage change of the 

quantity of the fixed Input IS consIstent WIth the decreaslng returns to 
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scale. Long-run supply is negatively related to all variable inputs. 

Conclusions and Implications 

The results of the study support the usefulness of a duality-based 

build a model of burley tobacco production. Tests of hypotheses on the 

restrictions Imposed on the short-run and long-run translog variable

profIt functions and the net-output share equations indicate that 

profit-maximizing behavior applies to the farm level. Tests on the 

coefficient of the quantIty of the fixed input suggest that decreasing 

returns to scale occur at the farm level. 

Parameter estimates of the short- and long-run translog varlable

profit functions indicate that the price of burley tobacco and the 

prIces of all of variable inputs significantly affect profit. The 

price has the greatest statistical impact, but the wage rate for labor 

is the most important variable input price. This is not surprising given 

that labor comprIses approximately 30 percent of total costs of burley 

tobacco production (Grise). 

Estimates of the short and long-run own-price elasticities of 

burley supply suggest that the burley supply response was inelastic and 

positive relative to its own price. The negative values of the supply 

responses relative to the prices for variable inputs indicate that all 

variable inputs are normal. 

Estimates of the short- and long-run cross-price elasticities 

suggest that either substitutabilIty or complementarity can occur among 

variable inputs used in burley tobacco productIon. For example, 

operating capital and machInery are complements, but labor and 
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machinery are substitutes. Th1S f1nd1ng is consistent w1th Berndt and 

Wood. Given a specific technology, a small cross-price elast1city for 

labor relative to the price of machinery indicates that labor and 

machinery are not close substitutes for each other. Labor remains 

comparati vely inexpensi ve. Wh1le efforts have been made at the 

Un1versity of Kentucky to develop mechanical harvesters, this equ1pment 

would require a large capital 1nvestment by the farmer and would need 

large acreages for harvest to be economically Just1fiable. All derived 

input demands had negat1ve responses relative to their own prices. For 

example, own-price elasticity of labor is - 2.1192, indicating that a 

10 percent increase in the price labor will result 1n with a 21.192 

percent decrease in the demand for labor. Analogous interpretations can 

be also made for other variable inputs. 

The results of the study can also be linked to the poss1ble 

implications for the methodology and methods used in the analysis, and 

to the policy issues currently affecting the burley tobacco industry. 

The discussion on methodology will focus on both the usefulness and 

problems with duality theory in specifying a model for the burley 

tobacco industry. The discussion on methods presents some ideas for the 

use of ITSUR for future stud1es. Policy implications arising from the 

results of the study are presented. Finally, additional research needs 

will be outlined. 

Applicability of Duality Theory 
To Other Components of the Industry 

The application of duality to the farm level suggests that build1ng 

an econometric model for the ent1re burley tobacco economy based on 

duality theory 1S feasible. A disaggregated model for burley tobacco 
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1ndustry including the farm level, the cigarette manufacturer level, the 

cigarette wholesaler level, the cigarette retailer, and the consumers of 

cigarettes was built uS1ng duality theory (PandJa1tan). However, 1t was 

not poss1ble to est1mate the entire model at all levels because of lack 

of data. 

If the data for the entire industry could be gathered, est1mat1on 

procedures would be comparatively routine following the basic 

procedures used for the farm level. However, a survey procedure could 

be costly and t1me consum1ng. These data requ1rements are not unique to 

burley tobacco but apply to most other agr1cultural commodities as well. 

For example, Grisley and Gitu, 1n their study of the turkey 1ndustry, 

could not 1nvestigate the 1nput procurement, process1ng, and marketing 

funct10ns of the integrated f1rm because of unavailab1lity of data. 

An alternat1ve to a model that requ1res secondary, time-ser1es data 

is a model that employs pr1mary, cross-sectional data obta1ned from a 

sample survey. Quest1onna1res could be des1gned such that the requ1red 

primary data for each level of the tobacco economy could be collected. 

Questionna1res, 1n th1S case, could follow the theoret1cal models 

developed in this study. The major problem 1S that firms at some 

levels, such as cigarette manufacturers, may be unw1111ng to release 

cost data, part1cularly for 1tems such as mach1nery investment. 

D1fficult1es may also ar1se 1n the applicab1l1ty of dual1ty theory 

when a part1cular level vlolates the assumpt10ns of perfectly

competitive pr1c1ng behav10r (producers are pr1ce takers). Several 

stud1es have shown that the tobacco 1ndustry does not operate 1n an 

env1ronment of perfect compet1t1on 1n which f1rms are atomlstlC. At the 
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farm level, burley tobacco producers perhaps corne closer to being 

atomistlc than nearly any other group of farmers. However, thlS is 

clearly not the case at the cigarette manufacturlng level. 

For example, Sumner found that the atomistic competitlon hypothesis 

was rejected at the 0.01 level of significance, implying that the 

cigarette industry is not perfectly competitive. The study also provided 

evidence against the operation of an effective cartel. 

Approaches suggested in studies by Appelbaum and by Lopez might be 

applicable at the cigarette-manufacturer level. Appelbaum, in a 

study of the U.S. rubber, textile, electrical machinery and tobacco 

industries, found that tobacco industry had the highest degree of 

oligopolistlC power. So far, very few studies employed duality theory to 

an oligoplistic industry. Lopez, using the theoretical framework 

suggested by Stigler and estimation procedures slmilar to those employed 

by Appelbaum, estimated the demand for food and price elasticities of 

demand for variable lnputs enroute to measurlng the oligopoly power of 

the Canadian food-processing industry. 

Applicability of ITSUR 

The Iterative Seemlngly Unrelated Regressions (ITSUR) procedures are 

advantageous in terms of the lnvariance property and because 

restrictions within and across equations can easily be lmposed. However, 

ITSUR requires long data serles for sufficient degrees of freedom. As 

a rule, the number of observatlons should be greater than the number of 

predetermined varlables and restrlctions includlng lntercepts. Hence, 

the number of predetermined variables and restrictlons wlthin and across 
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equations should be carefully consldered in order to obtain sufficient 

degrees of freedom. This analysis suggests that systems of equations 

with five predetermined variables in each equatlon should have, at 

minimum, 30 observations in order to obtain satisfactory results in 

terms of convergence and the number of iterations. If shorter data 

series are used, the results should be interpreted with extreme caution 

since the standard errors are approximations of the true standard 

errors of the population, and become less reliable as the sample size 

decreases. 

Since the translog function is a second-degree approximation of a 

Taylor series, model convergence should be obtained. In this study, the 

convergence is assumed at the 0.0001 convergence value within flfty 

iterations. The convergence also depends on the starting values for the 

iterations, and the starting values are specified by trial and error. 

The SAS procedure suggests that the user make an i nl tial run wi thout 

specifying starting values. In subsequent runs, these initial estimates 

are used as starting values. An alternative approach uses OLS parameter 

estimates for the translog varlable-profit function as the starting 

values for the iterations. The final parameter estimates uSlng either 

approach were the same. The more restrictions and the fewer the number 

of observatlons, the more dlfficul tit is to obtain convergence in a 

specified number of iterations. (The default value for the SYSLIN 

routine is 30 iterations.) 

Pol icy Impl ications 

Returns-to-Scale estimates and the various estimates of own- and 

cross-price elasticities have policy implications. It is lmportant to 
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know whether the farm level has decreasing, constant or lncreasing 

returns to scale, for it is of policy interest to determlne if large

scale production of burley tobacco is economically feasible. If 

increasing returns to scale prevail, large-scale production can lead to 

efficiencies. 

If large-scale production is feasible, burley producers may no 

longer be price takers, but have a degree of monopolistic power. Small 

burley producers will quit producing burley tobacco, or merge to become 

larger producers. If constant returns to scale exist, the number of 

burley producers and the scale of production are variable. If decreasing 

returns to scale occur, the number of burley producers and the scale of 

production remain small since large-scale production will lead to 

inefficiencies (Nicholson, pp. 142-147). 

The empirical results of the study reveal that farm- level 

production exhibi ts decreasing returns to scale. Hence, large-scale 

production of burley tobacco is not economlcally feasible. Given the 

state of burley tobacco production technology represented by the data 

set used in this analysis, there is no evidence to support the notion 

that a small er number of producers, each wi th 1 arger acreages, woul d 

reduce aggregate production costs. 

Elasticity estimates lndicate that substitution between each 

variable input pair is usually possible. Therefore with changing 

relatlve input prices, less expensive inputs can be substituted for high 

priced inputs. Cheaper inputs may be also obtained via bulk purchases 

even if the producers remain small. For example, a group of farmers 
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might cooperate to purchase inputs such as fertilizer and chemicals in 

large quantities which results in a lower per-unit cost, increasing 

profits to individual burley producers. 
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Table 1. The ITSUR Parameter EstimatesThe Short-run 
Translog Variable-Profit Function. al 

-0.5702 + 0.5619 InP F + 0.1298 lnV NF +0.07001nV KF + 

(.1859) (0.0043) (0.0008) (0.0013) 

2 2 
0.24061nTHF+[0.1173(lnPF) J/2 +[0.6890(lnVNF ) J/2+ 

(0.0029) (0.0024) (0.0034) 

(0.0024) (0.0062) (0.0005) 

(0.0022) (0.0016) (0.0026) 

(0.0019) (0.0027) 

al All parameter estimates are slgn1f1cant at a=0.01 
level. Asymptot1c Standard Errors are 1n parentheses. PF 
= Pr1ce of Burley, VNF = Labor Cost, VKF = Operat1ng Cost, 
THF = Tobacco Harvested (000). 
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Table 2. The ITSUR Parameter Estimatesof The Long-run 
Translog Variable-Profit Function. a/ 

1 lnTIF= -0.5730 + 0.56141nPF + 0.12381nVLF + 0.1319lnVNF + 

(0.1863) (0.0043) (0.0002) (0.0001) 
2 

0.0713lnVKF + 0.1116lnV HF + [0.1742(lnPF) J/2 + 

(0.0010) (0.0011) (0.0142) 

(0.0018) (0.0018) (0.0027) 

(0.0008) (0.0004) (0.0004) 

(0.0012) (0.0047) (0.0010) 

(0.0010) (0.0022) (0.0006) 

(0.0018) (0.0021) 

a/ All parameter estimates are signifIcant at a=O.01 
level. AsymptotIC Standard Errors are in parentheses. PF 
= Prlce of Burley, VNF = Labor Cost, VKF = Operating Cost, 
THF :: Tobacco Harvested (000), VHF = Overhead Cost, VLF '" 
Land and Quota Cost 
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Table 3. Parameter Estimates of The Short-run Net-Output 
Share Equations. a/ 

Shares Intercept InPF InVNF 

SYF 0.5619 0.1173 -0.0420 -0.0472 -0.0045 

(0.0015) (0.0024) (0.0005) (0.0022) (0.0016) 

SXNF 0.1298 -0.0420 0.0689 -0.01520 -0.0061 

(0.0008) (0.0005) (0.0034) (0.0019) (0.0026) 

SXKF 0.0700 -0.0472 0.0152 0.0830 -0.0130 

(0.0013) (0.0022) (0.0022) (0.0024) (0.0027) 

a/ All parameter estimates are signifIcant at a=0.01 
level. Asymptotic Standard Errors are in parentheses. PF 
= PrIce of Burley, VNF = Labor Cost, VKF = OperatIng Cost, 
THF = Tobacco Harvested (000). SY Denotes the output 
share, SX the input share. 
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Table 4. Parameter Estimates of The Long-run Net-Output 
Share Equations. al 

Shares Intercept lnP F 

SYF 0.5614 0.1742 -0.0402 -0.0405 -0.0410 -0.0347 

(0.0043) (.0143) (0.0004) (0.0004) (0.0012) (0.0047) 

SXLF 0.1238 -0.0402 0.0938 -0.0357 -0.0077 -0.0102 

(0.0002) (0.0004) (0.0018) (0.0010) (0.0008) (0.0022) 

SXNF 0.1319 -0.0405 -0.0357 0.1176 -0.0146 -0.0269 

(0.0001) (0.0005) (0.0010) (0.0018) (0.0006) (0.0009) 

SXKF 0.0713 -0.0410 -0.0077 -0.0146 0.0875 -0.0243 

(0.0011) (0.0012) (0.0008) (0.0006) (0.0027) (0.0043) 

SXHF 0.1116 -0.0347 -0.0102 -0.0269 -0.0243 0.0962 

(0.0011) (0.0047) (0.0008) (0.0018) (0.0021) (0.0008) 

al All parameter est1mates are slgn1f1cant at a=0.01 
level. Asymptot1c Standard Errors are 1n parentheses. PF 
= Pr1ce of Burley, VNF = Labor Cost, VKF = Operat1ng Cost, 
THF = Tobacco Harvested (000), VHF = Overhead Cost, VLF = 
Land and Quota Cost SY denotes the output share, SX, the 
1nput share. 
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Table 5. Estimates of the Short-run Own- and Cross-Price 
Elastici ties of The Deri ved Input Demands For 
Labor and Operating Capital and Sup-ply of Burley 

Tobacco At The Farm Level.a' 

Descr1pt10n Supply Labor Operating 
Capital 

Price of Labor -0.5956 -2.1035 0.0597 

(0.0043) (0.0134) (0.0059) 

Pr1ce of Operat1ng -0.5407 -0.0333 -1.9773 
Capital 

(0.0060) (0.0033) (0.0213) 

Pr1ce of Burley 0.6061 1.3492 1.2080 
Tobacco 

(0.0060) (0.0045) (0.0035) 

Quant1ty of Fixed- 0.2357 
Input 

(0.0034) 

a/ All elast1c1 ty estimates are significant at a=O.Ol 
level. Asymptotic Standard Errors are 1n 
parentheses. 

44 



Table 6. Elasticity Estimates of the Long-run Own- and 
Cross-Price of The Derived Input Demands For 
Land, Labor, Operating Capi tal and Machinery 
and Equipment and Supply of Burley Tobacco At 
The The Farm Level.a / 

PrIce of 
DescrIptIon 

OperatIng Mach1nery/ Supply of 
Land Labor Capital EquIpment Burley 

Tobacco 

Land -2.1466 0.1520 0.0165 -0.0281 0.7900 

(0.0200) (0.0079) (0.0024) (0.0034) (0.0098) 

Labor 0.1364 -2.1192 0.1070 0.0882 0.8329 

(0.0062) (.0137) (0.0071) (0.0050) (0.0070) 

Operating -0.0239 0.0521 -1.9939 -0.0814 0.5547 
Cap1tal 

(0.0031 ) (0.0057) (0.0217) (0.0021) (0.0167) 

Machinery -0.0311 0.1061 -0.0584 -2.1129 0.8015 
And 
Equipment (0.0038) (0.0061) (0.0028) (0.0150) (0.0071) 

Supply of -0.5220 -0.5218 -0.5218 -0.5258 0.8353 
Burley 
Tobacco (0.0061 ) (0.0060) (0.0061 ) (0.0060) (0.0030) 

a/ All elast1c1ty est1mates are slgn1f1ca.nt at a=O.Ol 
level. Asymptot1c Standard Errors are 1n 
parentheses. 
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AppendIX Table 1. DescrIptIon and Sources of VarIables Used In 
Empirical Analysis. 

Symbol Description Unit Source 

PF PrIce of burley tobacco Cent/pound Tobacco Outlook 
received by the farmer and SItuation, 

(TS) 1955-1986 

VLF Cost of land to produce $/100 pounds Tobacco Outlook 
burley tobacco of burley and Situation, 

tobacco (TS) 1978-1986 

VNF Cost of labor to produce $/100 pounds Tobacco Outlook 
burley tobacco of burley and SItuatIon, 

tobacco (TS) 1978-1986 

VKF Cost of operatIng $/100 pounds Tobacco Outlook 
capital to produce of burley and Situation, 
burley tobacco tobacco (TS) 1978-1986 

VHF Cost of machinery and $/100 pounds Tobacco Outlook 
equipment to produce of burley and Situation, 
burley tobacco tobacco (TS) 1978-1986 

LF Harvested acreage of thousand Tobacco Outlook 
burley tobacco acres and SItuatIon, 

(TS) 1955-1986 

lTF ProfIt of the producer $/100 pounds computed 

Producer Output IndIces used to deflate the data were obtaIned from 
Economic IndIcators of the Farm Sector Production and Efficiency 
StatistIcs, 1982 and 1984, USDA WashIngton D.C. 
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AppendiX Table 2. Data Used in the Analysis. 

Year PBF 1T VNF VOF VLF VHF THF YA 

1955 58.6 2.7 36.1 19.8 33.9 30.2 310.6 1513 
1956 63.6 6.9 36.6 20.1 34.4 30.6 309.8 1635 
1957 60.3 5.0 35.7 19.6 33.5 29.9 306.6 1592 
1958 66.1 4.6 39.7 21.8 37.3 33.2 297.1 1567 
1959 60.6 1.9 37.9 20.8 35.6 31. 7 301.0 1669 
1960 64.3 5.6 37.9 20.8 35.6 31.7 295.7 1639 
1961 66.5 3.6 40.6 22.3 38.1 33.9 318.9 1820 
1962 58.6 3.9 35.3 19.4 25.7 29.5 339.0 1894 
1963 59.2 8.1 32.6 17.9 30.6 27.3 339.0 2231 
1964 60.3 5.0 35.7 19.6 33.5 29.9 306.6 2002 
1965 64.6 10.7 34.8 19.1 32.7 29.1 277.1 2116 
1966 66.9 21.2 29.5 1 6.2 27.7 24.7 240.7 2437 
1967 71. 8 26.7 29.1 16.0 27.3 24.3 237.7 2274 
1968 73.7 34.0 25.6 1 4.1 24.0 21.4 237.6 2372 
1969 69.6 32.7 23.8 13.1 22.4 19.9 237.7 2488 
1970 72.2 20.2 33.5 18.4 31.5 28.0 216.4 2590 
1971 80.9 18.0 40.6 22.3 38.1 33.9 213.5 2213 
1972 79.2 26.6 33.9 18.7 31.9 28.4 235.6 2553 
1973 92.9 39.7 34.3 18.9 32.3 28.8 227.0 2093 
1974 113.7 61.3 33.5 18.4 31.5 28.0 261.0 2350 
1975 105.6 51.1 37.5 17 .0 35.19 31. 3 282.0 2265 
1976 114.2 54.98 38.56 20.66 36.89 33.74 286.0 2376 
1977 120.0 51.68 44.09 24.23 41 .40 36.68 269.0 2296 
1978 131 .2 59.65 46.73 24.82 42.38 37.40 261.0 2396 
1979 145.2 49.73 62.41 33.06 46.92 47.48 238.0 1873 
1980 165.9 74.36 55.36 36.18 47.14 44.22 277.0 2027 
1981 180.7 86.50 54.98 39.22 51 .16 44.85 331 .0 2203 
1982 181 .0 90.36 51.79 38.85 49.88 44.22 346.0 2374 
1983 177.3 57.48 64.71 55.11 49.51 61 .51 293.0 1645 
1984 187.5 81 .24 57.87 48.39 48.49 46.53 316.0 2256 
1985 160.1 31 .27 60.02 68.81 43.24 46.43 266.0 2278 
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