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Articles 

Demand for Farm Output in a Complete 
System of Demand Functions 

Michael K. Wohlgenant 

Demand interrelationships for farm outputs that are theoretically consistent with 
consumer demand and marketing group behavior provide important linkages between 
retail and farm prices. A conceptual model, based on reduced-form specifications for 
retail and farm prices, is formulated and applied empirically to a set of eight 
disaggregated food commodities. This approach circumvents the need for retail 

quantities, which are frequently unavailable for disaggregated food commodities. The 
results are consistent with theory and generally indicate significant substitution between 
farm and marketing inputs. Except for poultry, derived demand elasticities are at least 
40% larger compared to those derived assuming fixed proportions. 

Key words: demand interrelationships, food, input substitution, marketing margins. 

Much research has focused on demand interre- 
lationships at the retail level (Brandow, 
George and King, Heien, Huang 1985) and on 
supply interrelationships for agricultural com- 
modities at the farm level (Lopez, Weaver, 
Shumway). Except for George and King, and 
Dunn and Heien, sets of demand interrelation- 
ships do not exist for food commodities at the 
farm level, which are theoretically consistent 
with consumer demand behavior and market- 
ing group behavior. Theoretically consistent 
estimates of demand interrelationships for 
farm outputs are important in providing link- 
ages between retail and farm prices so that the 
effects of changes in retail demand, farm 
product supplies, and costs of food marketing 
on retail and farm prices can be consistently 
estimated. The purpose of this paper is to de- 
velop a conceptual and empirical framework 
on retail-to-farm demand linkages similar to 
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'the framework provided for consumer demand 
and producer supply interrelationships. 

The model developed in this study extends 
previous work in two ways. First, the behav- 
ioral equations are specified without imposing 
any restrictions on input substitutability or di- 
versity among firms in the industry. Second, 
by focusing on specification of reduced-form 
retail and farm price equations, the modeling 
approach allows estimation of the food- 
marketing sector's supply/demand structure 
without direct information on retail food quan- 
tities. This capability is important because 
direct estimates of retail quantities for disag- 
gregated food commodities are frequently un- 
available. 

The conceptual model is applied to a set of 
eight food commodities: (a) beef and veal, (b) 
pork, (c) poultry, (d) eggs, (e) dairy products, 
(f) fresh fruits, (g) fresh vegetables, and (h) 
processed fruits and vegetables. Consistency 
of the empirical model with competitive mar- 
keting group behavior is evaluated through 
imposing and testing the parametric restric- 
tions of symmetry and constant returns to 
scale implied by theory. Flexibilities and elas- 
ticities of demand for farm outputs are then 
derived. Finally, the derived demand elas- 
ticities for the interrelated farm outputs are 
compared with the elasticities derived using 
the traditional methodology based on fixed 
input proportions. 

Copyright 1989 American Agricultural Economics Association 
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A Conceptual Framework 

The traditional approach to modeling derived 
demand for food at the farm level assumes fixed 
proportions between the farm product and 
marketing inputs in producing the retail prod- 
uct. Derived demand for the farm product is 
obtained by subtracting per unit marketing 
costs from the retail demand function for the 
product (Tomek and Robinson, chap. 6). Be- 
cause changes in per unit marketing costs cor- 
respond to changes in the farm-retail price 
spread, derived demand for the farm output 
can be obtained directly by subtracting the 
marketing margin from the retail demand func- 
tion. By assuming that price spreads are a 
combination of constant absolute amounts and 
constant percentages of the retail price, de- 
rived demand elasticities can be obtained as 
products of elasticities of demand at the retail 
level and elasticities of price transmission be- 
tween the retail and farm prices. This proce- 
dure is explained in George and King. 

Using a market equilibrium model of the 
food-marketing sector, Gardner criticized the 
traditional methodology by demonstrating (p. 
406) "that no simple markup pricing rule-a 
fixed percentage rule, a fixed absolute margin, 
or a combination of the two-can in general 
accurately depict the relationship between the 
farm and retail price." Only for fixed propor- 
tions is this approach expected to be valid. 
Moreover, the traditional approach to obtain- 
ing derived demand elasticities by multiplying 
retail elasticities by elasticities of price trans- 
mission is correct only if input proportions are 
fixed. 

It is conceptually appealing to view farm 
output as an input in food processing and mar- 
keting. The food-marketing sector produces a 
plethora of products (for at-home and away- 
from-home consumption) from any given raw 
material, so opportunities for substitution be- 
tween marketing services and raw food quan- 
tities appear to exist. Unfortunately, for most 
disaggregated food commodities data are not 
available on the final quantities consumed, so 
knowledge of the food-marketing sector's 
technology cannot be obtained through esti- 
mation of the parameters of the cost function, 
as in Dunn and Heien. Rather, knowledge of 
the aggregate technology must be inferred 

An extensive critique of the traditional methodology for es- 
timating derived demand for food commodities is found in 
Wohlgenant. 

through estimation of reduced-form behav- 
ioral equations of the marketing sector. 

Conceptually, the complete structural 
model for a particular commodity,2 assuming 
perfect competition in the output and input 
markets, takes the following form: 

(la) 

(lb) 

(lc) 

(ld) 

(le) 

(lf) 

Qrd = Dr(Pr, Z) 
(retail demand) 

Qrs = Sr'i(P, Pf, W), 
(retail supply) 

Qfd 
= D/i(Pr, Pf, W), 

(farm-level demand) 

Qfs predetermined, 
(farm-level supply) 

Qrd = Qr= Qr 

(retail market clearing) 

Q/d 
= 

Qf 
= 

Q, 

(farm-level market clearing), 

where Qrd is quantity of the retail product 
demanded, Pr is the retail price, Z is an exoge- 
nous retail demand shifter, QrS is quantity of 
the retail product supplied, Pf is the farm 
price, W is an index of marketing input prices 
in food marketing, Qfd is the quantity of the 
farm product demanded, and Qf is the quan- 
tity of the farm product supplied. The retail 
supply and farm-level demand functions are 
explicitly obtained as horizontal summations 
of the supply and demand functions of indi- 
vidual firms, where i denotes an individual 
firm. If some inputs are held fixed, the func- 
tions could be expanded to include these fixed 
inputs as parameters. For convenience, these 
fixed inputs are subsumed in the supply and 
demand functions. Finally, in (Id) the quantity 
of the farm output is assumed to be predeter- 
mined with respect to the current period farm 
price. The assumption that supply of the farm 
product is a function of lagged, rather than 
current year, prices is based on biological lags 
in agricultural production processes. 

Using equations (la) and (lb) to eliminate 
Qr, the system (la)-(lf) may be written as the 
two-equation system: 

(2a) 5Sri(Pr, Pf, W) - D(Pr, Z) = 0, 

(2b) Qf - ID/i(P,, Pf, W) = 0. 

2 Dunn and Heien, in econometric analysis of the major food 

groups (meat, dairy, poultry and eggs, and fruits and vegetables), 
find no evidence of jointness among the retail commodities pro- 
duced. The assumption of nonjointness in production is main- 
tained in the present study. 
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Totally differentiating (2a) and (2b) and writing 
these total differentials in elasticity form 
yields 

(3a) (err - e) . dlnPr + rf dlnPf = 

ez * dlnZ - rw 
- dlnW, 

(3b) - Sr dlnPr - sff dlnPf = 

w * dlnW - dlnQf, 

where ,rr is the elasticity of retail supply with 
respect to retail price, e is the elasticity of 
retail demand with respect to retail price, erf is 
the elasticity of retail supply with respect to 
farm price, et is the elasticity of retail demand 
with respect to Z, rw is the elasticity of retail 
supply with respect to W, efr is the elasticity of 
farm-level demand with respect to retail price, 
{ff is the elasticity of farm-level demand with 
respect to farm price, and f,w is the elasticity 
of farm-level demand with respect to W. The 
elasticities of aggregate retail supply and 
aggregate farm-level demand are appropriately 
defined as quantity-share-weighted sums of 
the respective elasticities of supply and de- 
mand for individual firms. For example, ,rr = 
Zrrti(Qri/Qr), where irri = (&Sri/aPr)(Pr/Qri) 
is the price elasticity of retail supply of the ith 
firm. 

Restrictions among the elasticities at the 
firm level imply restrictions among the elas- 
ticities for the industry-level behavioral rela- 
tions. First, the condition that output supply 
and input demand functions are homogenous 
of degree zero in prices at the firm level im- 
plies that the industry behavioral equations 
will be homogenous of degree zero in prices. 
Because retail demand functions are also 
homogenous of degree zero in prices and in- 
come, this restriction implies that (3a) and (3b) 
are invariant to proportional changes in Pr, Pf, 
W, and to proportional changes in those ele- 
ments of Z which are retail prices of other 
consumer goods and consumer income. Sec- 
ond, the symmetry relationship between the 
effects of changes in the farm price on retail 
supply and the negative of changes in retail 
price on farm-level demand (Mosak, Samuel- 
son) holds at the industry level as well. For an 
individual firm symmetry between retail sup- 
ply and farm-level demand implies that 

(4) 
aS/ rD? _ __ 

asPf aPr apf aPr 

Summing over all firms and converting to elas- 
ticities yields 

(5) le ri Qr _ 
- Efi Qf ,rf Qr - ..r . 

Pf r 

or after multiplying the left-hand side of (5) by 
Qr/Qr, the right-hand side of (5) by Qf/Q,, and 
rearranging terms yields 

(6) :rf = - Sffr, 

where Sf is the farmer's share of the retail 
dollar (Sf = PfQf/PrQr). Equation (6) is pre- 
cisely the aggregate counterpart to (4) ex- 
pressed in elasticity form. 

The comparative statics of the reduced-form 
equations 

(7a) 

(7b) 

P, = P,(Z, W, Qf), 
Pf = Pf(Z, W, Qf), 

can be determined by solving the system of 
equations (3a) and (3b) for dlnPr and dlnPf. 
These solutions are 

(8a) dlnPr = Arz l dlnZ + Arw dlnW 
+ Arf dlnQf, 

(8b) dlnPf = Afz dlnZ + AfW dlnW 
+ Aff dlnQf, 

where 

(9a) 

(9b) 

(9c) 

(9d) 

(9e) 

(9f) 

(9g) 

Arz = -ffe,/D, 

Arw = (fferw - :rfSfw)/D, 

Arf 
= rf/D, 

Afz = frez/D, 

Afw = (-,f,rw + (rr - e)sw)/D, 

Aff = - (rr- e)/D, 
D = -(-r e)r-eff+ rfr 

To determine the signs of the reduced-form 
parameters of (8a) and (8b), first observe that 
the reciprocal of Aff is the industry derived 
demand elasticity for the farm product, hold- 
ing prices of other inputs constant. Heiner 
showed that this elasticity is unambiguously 
negative in the short run, even with diverse 
firms in the industry. Moreover, because the 
retail supply elasticity (,rr) is positive and the 
retail demand elasticity (e) is expected to be 
negative in all normal cases, this situation im- 
plies by (9f) that D > 0. This result immedi- 
ately implies, because fs < 0, that Arz has the 
same sign as ez, which should be positive in all 
normal cases. If the farm product is a normal 
input-which seems plausible for the com- 

Wohlgenant 
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modity aggregates analyzed in this study- 
then srf is negative (Ferguson), and sfr is posi- 
tive in view of (6). This implies by (9c) that Ar 
< 0, and by (9d) that Afz takes the same sign as 
ez. Finally, the signs of Ar and Afy are gener- 
ally indeterminate because of the sign of sf, is 
ambiguous. 

A question of interest in the present study is 
whether or not it is possible to obtain unique 
values for the :'s and e's from the reduced- 
form parameters in (9a)-(9f). In general, the 
answer is no because the system is underiden- 
tified; that is, there are six reduced-form pa- 
rameters and eight elasticities of the structural 
equations. However, if values of the retail 
demand elasticities (e and e,) are known, then 
unique estimates of the 5's can be obtained. 
Estimates for the structural retail supply and 
farm-level demand elasticities, given values 
for the retail demand elasticities, are 

(1Oa) srr = e + Affez/B, 

(10b) srf = -Af/B, 

(lOc) rw, = (ArfAf, - AffArw)/B, 

(lOd) fr = -Az/B, 

(0Oe) sff = Arz/B 

(1Of) fw = (A,zArw - AfArz)/B, 

where 

(lOg) B = ArAff - ArfAfz. 

Even if the retail demand elasticities are not 
known, values for the supply and demand 
elasticities (except err) can still be determined 
from the reduced-form estimates. Also, when 
e, = 1 (that is, when dlnZ is defined as the 
proportional shift in retail demand from a 1% 
increase in demand), then by the symmetry 
restriction (6) 

(11) Arf = -SfAf . 

This restriction is a linear cross-equation re- 
striction on the reduced-form retail and farm 
price equations for given values of the farm- 
er's share of the retail dollar (Sf). 

Another parameter of interest is n, the elas- 
ticity of price transmission between the farm 
and retail prices. Upon solving (8b) for dinQf 
and substituting into (8a), it can be shown that 
the elasticity of price transmission is related to 
the reduced-form parameters as follows: 

(12) n = Arf/Aff. 

Amer. J. Agr. Econ. 

In this study, there is also interest in testing 
for a constant-returns-to-scale aggregate pro- 
duction function in light of the extensive use of 
this model in past research (e.g., Gardner). 
The implications of constant returns to scale 
for the relationship among elasticities in the 
reduced-form equations (8a) and (8b) can be 
derived through use of the equations provided 
by Muth in the special case where the supply 
elasticity of the farm output is zero and the 
supply curve of marketing inputs is perfectly 
elastic. Expressions for proportional changes 
in retail price and farm price in this case can be 
characterized as 

(13a) dlnPr = (Sf e,/D') . dlnZ + ((1 - Sf) 

* /D') ' dInW - (Sf/D') dnQf, 

(13b) dlnPf = (e,/D') . dlnZ 

+ (Sf((T + e)/D') * dlnW - (1/D') dlnQf, 

(13c) D' = (1 - Sf)o- - Sfe, 

where ro is the elasticity of substitution be- 
tween the farm output and marketing inputs. 
Equations (13a) and (13b) imply, when e, = 1, 
that for (8a) and (8b) 

(14a) 

(14b) 

Arz = -Arf, 

Afz = -Aff. 

This restriction could also be obtained by as- 
suming the retail supply curve is perfectly 
elastic. (Note that the limit of ,rr goes to in- 
finity as B approaches zero, as implied by 
14a-14b.) 

Empirical Specification 

In going from the conceptual framework in the 
previous section to an empirical specification 
of retail and farm price behavior, three sepa- 
rate issues must be resolved. These issues are 
(a) selection of appropriate functional forms 
for equations (7a) and (7b), (b) specification of 
retail demand shifters subsumed in the vari- 
able Z, and (c) development of formulas to 
calculate total effects of exogenous retail de- 
mand shifters, marketing costs, and farm out- 
put quantities on retail and farm prices. 

In general, the functional form specification 
for econometric analysis of (7a) and (7b) is an 
open question. For pragmatic reasons, the ap- 
proach taken here is to assume the elasticities 
in (8a) and (8b) are approximately constant 
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and to replace instantaneous relative changes 
in the variables by first-differences in the 
logarithms; that is, 

(15a) AlnPrt = Arz AlnZt + Arw AlnWt 

+ Arf AlnQft + Aro + Urt, 

(15b) AlnPft = Afz * AlnZt + AfW AlnWt 

+ Aff AlnQft + Afo + Uft, 

where t denotes the time period, Urt and Uft 
denote random disturbance terms, and Aro and 
Afo are intercept values which reflect changes 
in prices due solely to trend. The approximate 
nature of this form is apparent in light of the 
symmetry restriction (11), which only holds 
for a given value for the farmer's share of the 
retail dollar, Sf. By the results of the previous 
section, the homogeneity restriction is im- 
posed by deflating all nominal values in (15a) 
and (15b) by the consumer price index (CPI) 
for all items. Imposing the homogeneity re- 
striction and symmetry restriction (11) makes 
the parameter estimates of (15a) and (15b) 
consistent with the theories of industry be- 
havior specified previously. Also, given the 
homogeneity and symmetry restrictions, it is 
possible to impose and test for the implica- 
tions of a constant-returns-to-scale industry 
production function according to (14a) and 
(14b). 

Specification of the form of Z is particularly 
important in order to make the parameter es- 
timates of (15a) and (15b) internally consistent 
with the consumer demand estimates. Theo- 
retically, in the context of a system of con- 
sumer demand functions, the total differential 
of retail demand for the ith commodity in elas- 
ticity form can be written 

(16) dlnQri = eii ' 
dlnPri + eij dlnPr 

j#i 

+ e,, * dlnY + dlnPOP, 

where eii is the own-price elasticity of demand 
for commodity i, eij is the cross-elasticity of 
demand for good i with respect to the price of 
goodj, ei, is the income elasticity of good i, Y 
is per capita consumer-total expenditures (in- 
come), and POP is the total consuming popu- 
lation. In order to have internally consistent 
estimates of retail demand shifters in (15a) and 
(15b), the variable AlnZt is defined as the sum 
of the last three groups of terms in (16) ex- 
pressed in first-differences in logarithms; that 
is, for the ith good, 
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(17) Aln Zit = eij * AlnPjt + ei, * AlnYt 
j#i 

+ AInPOP,. 

Conceptually, the partial elasticity of Qr with 
respect to Z, ez, should equal one because (17) 
shows the impact on demand of a 1% increase 
in demand. However, values for the cross 
elasticities of retail demand and income elas- 
ticity for each commodity are required in 
order to construct such a variable. The ap- 
proach taken here is to use internally consis- 
tent demand elasticities estimated from pre- 
vious research. 

A point of concern is whether use of ex- 
traneous information to construct values for 
(17) involves circular reasoning, because val- 
ues for these parameters are typically esti- 
mated from retail quantity data which are de- 
rived as fixed proportions of farm output dis- 
appearance data. This is problematical, but 
the procedure in obtaining estimates of (17) for 
arbitrary values of the retail elasticities is the- 
oretically consistent with the theory of con- 
sumer behavior and specification of retail and 
farm price behavior. Moreover, the first part 
of (17), which depends on related retail prices, 
may be viewed as a price index in itself. In- 
deed, this price index may be viewed quite 
generally as a divisia price index, with weights 
chosen as cross elasticities of demand instead 
of commodity consumer expenditure shares. 
Because in a time-series context, prices and 
income are typically highly collinear, the 
index (17) ought to be relatively insensitive to 
the particular weights chosen for the price and 
income variables. The validity of this spec- 
ification is tested using the Hausman specifica- 
tion test, as explained below. 

The third issue to consider prior to the em- 
pirical analysis is development of formulas to 
calculate total effects of exogenous changes 
on retail and farm prices. The problem with 
using (15a) and (15b) directly is that retail and 
farm prices for a given commodity depend 
upon retail prices of other commodities, which 
also depend on retail price of the commodity 
in question.3 Substituting (17) into (15a) and 
(15b) and rearranging terms yields the follow- 
ing system of retail and farm price equations: 

3 This suggests in the econometric specification that retail and 
farm prices are jointly determined with the retail demand shift 
variable AlnZ. The assumption that lAnZ is econometrically exog- 
enous is also tested using the Hausman exogeneity test. 
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(18a) AlnPr = Arz * (e- * Aln Pr + e? 
zAln Pr + ey Aln Y+ 1 

* AInPOP) + Aru' Aln W 
+ A, * Aln Qf, 

(18b) AlnPf = Af, * (e- . Aln P, + e? 
* Aln Pr? + e,y Aln Y + 1 
* AInPOP) + AfW Aln W 
+ Aff- /ln Qff, 

where underbars denote vectors and matrices 
of appropriate dimensions. The matrix e- is 
the n x n matrix of price elasticities of retail 
demand with zero diagonal elements; the ma- 
trix e? is the matrix of cross-price elasticities 
of retail commodities whose prices are taken 
as exogenous (e.g., nonfood goods); ey is the 
column vector of income elasticities; and 1 is a 
column vector of l's. To obtain total effects of 
the exogenous variables on retail and farm 
prices, solve (18a) and (18b) by matrix meth- 
ods to obtain 

(19a) AlnPr = (In - Arz, e-)-' (A rz e? 
Aln Pr? + Arz e, ' Aln Y 

+ Arz 1 AInPOP + Ar, 
? Aln W + Arf Aln Qf), 

(19b) AlnPf = A,(- (eI- * - Az,, e-)-' 
Arz + In) (e? Aln Pr? + _e 

* Aln Y + 1 AlnPOP) + (Afz 
* e- - (In - Arz' e-)-l' Arw 
+ Afw) Aln W+ (Af, e- 

(In- Arz' )e-)-' Arf + Aff) 
Aln Qf, 

where I, is the nth order identity matrix. Esti- 
mates of derived demand elasticities for farm 
outputs are obtained by inverting the matrix 
premultiplying Aln Qf in (19b). 

Econometric Analysis of a Complete 
System of Food Commodities 

The commodities included in the economet- 
ric analysis are (a) beef and veal, (b) pork, 
(c) poultry, (d) eggs, (e) dairy products, 
(f) processed fruits and vegetables, (g) fresh 
fruits, and (h) fresh vegetables. Farm output 
and price data for these commodities were 
obtained from time-series data and conversion 
factors published by the U.S. Department of 
Agriculture (USDA). Farm price data are pro- 
ducer price indexes for crude foodstuffs. Farm 
prices for beef and veal and pork were ad- 

justed for by-product values. Retail price data 
are consumer price indexes for the corre- 
sponding farm categories; income and popula- 
tion data are total personal consumption ex- 
penditures per capita and midyear U.S. civil- 
ian population, respectively. 

The matrix of consumer demand elasticities 
for construction of the retail demand shift 
variables was provided by K. S. Huang (per- 
sonal communication, 1986). These elasticity 
estimates globally satisfy the homogeneity 
condition and locally satisfy the symmetry and 
Engel aggregation conditions at the 1967-69 
average values for the commodity consumer 
expenditures. They were estimated using the 
composite demand system of Huang and 
Haidacher. The commodities included in his 
model consist of (a)-(h) listed above plus (i) 
fish, (') sugar, (k) fats and oil, (1) cereals, (m) 
beverages, and (n) nonfood. Farm price link- 
ages for (i)-(m) were not included either be- 
cause appropriate data were lacking or it was 
impossible to identify a corresponding raw 
product for the corresponding retail product. 

The marketing cost variable is the index of 
food-marketing costs (Harp). The time period 
for estimation is 1956-83, with 1955 used to 
generate the initial values for the first- 
difference variables. A detailed discussion of 
data sources, transformations, and data impu- 
tations can be found in Wohlgenant (appendix 
B). 

Equations (15a) and (15b) were estimated 
for the eight different food commodities (a)- 
(h) by the joint generalized least-squares tech- 
nique (Theil) with and without the symmetry 
restriction (11) and the constant-returns-to- 
scale restrictions (14a and 14b) imposed. 

Unrestricted ordinary least squares (OLS) 
estimates of (15a) and (15b) for the eight sets 
of price equations are displayed in table 1. 
With a few exceptions, the parameter esti- 
mates are consistent with prior expectations. 
Retail demand shifters, measured by AInZ, 
and farm output variables are generally highly 
statistically significant determinants of retail 
and farm prices. Except for fresh fruit, in- 
creases in retail demand are positively related 
both to retail and to farm prices. With the 
exception of processed fruits and vegetables 
and fresh fruit, all farm price flexibilities are 
larger than one in absolute value. This pattern 
of change is broadly consistent with previous 
empirical work (Fox, Waugh, Dunn and 
Heien). The marketing cost index often dis- 
plays a sign contrary to prior expectations, but 
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Table 1. Unrestricted Reduced-Form Econometric Estimates of Retail and Farm Product Prices, 
1956-83 

Elasticity of Price with Respect to 

Farm Index of Retail 
Product Quantity Marketing Demand 

Commodity Price (Qf) Costs (W) Shifter (Z) Intercept R2 D-W 

Beef & veal Retail 

Farm 

Pork Retail 

Farm 

Poultry Retail 

Farm 

Eggs Retail 

Farm 

Dairy Retail 

Farm 

Processed fruits 
& vegetables 

Fresh fruit 

Fresh vegetables 

Retail 

Farm 

Retail 

Farm 

Retail 

Farm 

-0.921 
(-4.642) 
-1.365 

(-4.333) 
-0.966 

(-10.964) 
-2.070 

(-13.314) 
-1.280 

(-6.441) 
-2.946 

(-6.698) 
-4.412 

(-4.639) 
-5.777 

(-3.681) 
-0.901 

(-3.467) 
-1.458 

(-3.040) 
-0.490 

(-2.192) 
-0.141 

(-0.705) 
-0.779 

(-2.477) 
-0.124 

(-0.333) 
-0.097 

(-0.172) 
-2.205 

(-4.164) 

-0.513 
(-0.742) 
-0.879 

(-0.800) 
-0.027 

(-0.052) 
-0.464 

(-0.502) 
0.217 

(0.384) 
-0.067 

(-0.053) 
-1.801 

(-1.597) 
-4.661 

(-2.505) 
0.241 

(0.832) 
0.272 

(0.508) 
1.065 

(1.741) 
0.428 

(0.782) 
-0.782 

(-0.828) 
-0.806 

(-0.717) 
-0.575 

(-0.646) 
-1.058 

(-1.260) 

0.664 
(2.153) 
1.354 

(2.766) 
1.474 

(4.938) 
2.046 

(3.884) 
1.185 

(8.068) 
1.907 

(5.866) 
5.152 

(2.438) 
6.246 

(1.791) 
1.348 

(2.253) 
2.200 

(1.992) 
0.016 

(0.038) 
0.177 

(0.469) 
-0.193 

(-0.360) 
-0.350 

(-0.550) 
0.475 

(0.495) 
1.919 

(2.119) 

-0.001 
(-0.098) 
-0.018 

(-0.811) 
-0.021 

(-2.010) 
-0.019 

(-1.027) 
0.002 

(0.160) 
0.073 

(2.909) 
-0.064 

(-2.287) 
-0.046 

(-0.987) 
-0.023 

(-2.416) 
-0.028 

(-1.590) 
-0.001 

(-0.040) 
-0.012 

(-0.928) 
0.014 

(0.942) 
-0.006 

(-0.311) 
0.005 

(0.255) 
0.002 

(0.118) 

0.54 1.78 

0.55 1.92 

0.87 2.15 

0.89 2.03 

0.81 2.30 

0.76 2.15 

0.53 2.28 

0.48 2.39 

0.44 2.62 

0.37 2.05 

0.23 2.07 

0.05 2.51 

0.24 2.05 

0.04 2.31 

0.03 2.25 

0.51 2.40 

Note: Values in parentheses are t-values. Equations (15a) and (15b) estimated by OLS without symmetry or constant-returns-to-scale 
restrictions imposed. 

it is statistically insignificant in virtually every 
case.4 

As indicated above, the Hausman specifica- 
tion test can test for the consequences of spec- 
ification errors in construction of the AlnZ 
variables used in the reduced-form retail and 
farm price equations. Hausman's testing pro- 

4 Lack of statistical significance of the deflated marketing cost 
index suggests that the marketing cost index could have been used 
as a deflator rather than the CPI because (15a) and (15b) are 
homogenous of degree zero in all nominal values. The deflated 
marketing cost variable was entered as a separate explanatory 
variable because it was not known prior to estimation how well 
this variable would account for movements in nonfarm input 
prices. 

cedure requires an efficient estimator under 
the null hypothesis and a consistent estimator 
under the alternative hypothesis. In the pres- 
ent case, the efficient estimator is OLS when 
AlnZ is appropriately specified. However, if 
the wrong weights (i.e., cross elasticities and 
income elasticities) are chosen in constructing 
AlnZ, then AlnZ will be correlated with the 
disturbance term and OLS will be inconsis- 
tent. In this case, a consistent estimator is the 
instrumental variable estimator. In this appli- 
cation, the instrumental variable for AlnZ is 
the least-squares projection of AInZ on all 
the predetermined variables of the model. The 
predetermined variables are changes in 
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logarithms of the quantities of the farm out- 
puts for the eight food commodities, retail 
prices for the other food and nonfood com- 
modities, per capita income, the marketing 
cost index, and population. 

The Hausman test is implemented by es- 
timating augmented specifications of the retail 
and farm price equations with predicted values 
for AInZ included as explanatory variables 
(Hausman, p. 1260). Under the null hypothesis 
of no specification bias, the coefficient of the 
predicted value of AlnZ will be zero, so a 
simple t-test can be employed. In addition to 
testing for the consequences of wrong weights 
on the price and income variables in AlnZ, the 
Hausman test in this case is also a test for 
simultaneous equation bias in the OLS regres- 
sions (see fn. 3). This is because the variables 
used in constructing predicted values for AInZ 
are precisely the predetermined variables one 
would include in the first-stage regression of 
the two-stage least squares estimator, which is 
a consistent estimator when retail and farm 
prices are jointly determined with AlnZ. 

The results of the Hausman test uniformly 
indicate failure to reject the null hypothesis 
that AlnZ is exogenous, with the smallest mar- 
ginal significance level larger than 0.1. More- 
over, in every case the coefficient estimates 
changed little when predicted values for AlnZ 
were added, suggesting that the results are 
robust to alternative estimators.5 

Symmetry [equation (11)] and constant- 
returns-to-scale restrictions [equations (14a) 
and (14b)], given symmetry, were imposed 
and tested. Symmetry was imposed at the 
1967-69 average values of the farmer's share 
of the retail dollar.6 Except for fresh fruits, the 
computed F-values all had marginal sig- 
nificance levels greater than 0.1. Thus, for the 
most part, food processing-marketing behav- 

5 A referee expressed concern about the assumption of fixed 
supplies of farm products. For example, Thurman argues that the 

supply of poultry is not predetermined in a one-year period. The 
assumption of predetermined supply was tested jointly with the 
hypothesis of exogenous Z for all commodities except beef and 
veal, pork, and dairy products. The instruments used were the 
same as indicated in the text, with one-year lagged values used for 
the hypothesized endogenous farm quantity variables. The Haus- 
man tests were conducted by including predicted variables for 
AInZ and AlnQf and employing anf-test as described by Nakamura 
and Nakamura. As in the previous case, the results of the Haus- 
man test uniformly indicate failure to reject the null hypothesis of 
predetermined supplies and exogenous Z. 

6 Average 1967-69 share values for Sf by commodity are as 
follows: beef and veal (0.65), pork (0.55), poultry (0.52), eggs 
(0.62), dairy (0.47), processed fruits and vegetables (0.20), fresh 
fruits (0.32), and fresh vegetables (0.33). 

ior can be characterized as competitive with 
constant returns to scale in food processing 
and marketing. 

Fully restricted economic estimates of (15a) 
and (15b) for the eight sets of price equations 
are shown in table 2. Except for processed 
fruits and vegetables and fresh fruit, the pa- 
rameter estimates are very similar to the unre- 
stricted OLS results presented in table 1. For 
processed fruits and vegetables and fresh fruit, 
signs on quantity of the farm output in the 
farm price equation are reversed from the un- 
restricted estimates. However, these variables 
are insignificant and, even for the unrestricted 
estimates, take on implausibly low values. 
These inconsistencies suggest aggregation 
and/or data problems with these two commod- 
ities. Processed fruits and vegetables is a very 
heterogenous category, and fresh fruits in- 
cludes significant retail products having no 
U.S. counterparts (e.g., bananas). 

Given the maintained hypothesis of con- 
stant returns to scale, structural parameters of 
marketing group behavior are derived for all 
commodities except processed fruits and veg- 
etables and fresh fruits. (These commodities 
are excluded because of wrong signs on the 
farm output variables.) The structural param- 
eter of interest in this case is the elasticity of 
substitution (o-). Estimates of o- can be ob- 
tained from the equation for the elasticity of 
derived demand for the farm output, which in 
view of (13b) and (13c) can be written 

(20) Eff = -(1 - Sf)o- + Sf e, 

where Eff = 1/Aff. Therefore, for given values 
of Aff, Sf, and e, the elasticity of substitution 
can be computed as 

(21) - = (-Eff + Sf * e)/(l - Sf) 
= (-1/Aff + Sf e)/(l - Sf). 

Estimates of Aff are obtained from table 2, 
estimates of Sf are the average values for 
1967-69, and values for the own-price elas- 
ticities of retail demand (e) are the extraneous 
estimates used in estimation of the bahavioral 
equations. Estimates of these structural pa- 
rameters are reported in table 3. In all cases, 
the elasticities of substitution are positive as 
expected. In some cases (e.g., beef and veal 
and dairy products), the estimates are quite 
large suggesting substantial opportunities for 
input substitution. 

In order to determine whether the elasticity 
of substitution estimates in table 3 are sig- 
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Table 2. Reduced-Form Econometric Estimates of Retail and Farm Product Prices with Sym- 
metry and Constant-Returns-to-Scale Restrictions Imposed, 1956-83 

Elasticity of Price with Respect to 

Farm Index of Retail 
Product Quantity Marketing Demand 

Commodity Price (Qf) Costs (W) Shifter (Z) Intercept 

Beef and veal 

Pork 

Poultry 

Eggs 

Dairy 

Processed fruits 
and vegetables 

Fresh fruit 

Fresh vegetables 

Retail 

Farm 

Retail 

Farm 

Retail 

Farm 

Retail 

Farm 

Retail 

Farm 

Retail 

Farm 

Retail 

Farm 

Retail 

Farm 

-0.858 
(-5.275) 
-1.320 

(-5.275) 
-1.080 

(-15.814) 
-1.963 

(-15.814) 
-1.197 

(-10.095) 
-2.302 

(-10.095) 
-4.081 

(-4.604) 
-6.582 

(-4.604) 
-0.776 

(-3.712) 
-1.652 

(-3.712) 
0.025 

(0.958) 
0.127 

(0.958) 
0.093 

(0.902) 
0.289 

(0.902) 
-0.765 

(-5.637) 
-2.319 

(-5.637) 

-0.506 
(-0.731) 
-0.896 

(-0.816) 
-0.104 

(-0.200) 
-0.486 

(-0.530) 
0.173 

(0.309) 
-0.129 

(-0.106) 
-1.886 

(-1.694) 
-4.658 

(-2.535) 
0.298 

(1.033) 
0.277 

(0.518) 
0.945 

(1.561) 
0.418 

(0.772) 
-0.881 

(-0.939) 
-0.850 

(-0.759) 
-0.619 

(-0.697) 
-1.055 

(-1.258) 

0.858 
(5.275) 
1.320 

(5.275) 
1.080 

(15.814) 
1.963 

(15.814) 
1.197 

(10.095) 
2.302 

(10.095) 
4.081 

(4.604) 
6.582 

(4.604) 
0.776 

(3.712) 
1.652 

(3.712) 
-0.025 

(-0.958) 
-0.127 
(0.958) 

-0.093 
(-0.902) 
-0.289 

(-0.902) 
0.765 

(5.637) 
2.319 

(5.637) 

-0.007 
(-0.671) 
-0.017 

(-0.999) 
-0.011 

(-1.399) 
-0.019 

(-1.341) 
-0.002 

(-0.211) 
0.038 

(2.090) 
-0.053 

(-2.805) 
-0.048 

(-1.547) 
-0.016 

(-3.416) 
-0.019 

(-2.188) 
-0.011 

(-1.138) 
-0.010 

(-1.209) 
0.008 

(0.532) 
-0.009 

(-0.486) 
0.012 

(0.846) 
-0.000 

(-0.013) 

Note: Equations were estimated by the joint generalized least squares method with symmetry [equation (11)] and constant-returns-to- 
scale retrictions [equations (14a) and (14b)] imposed. Values in parentheses are t-values. 

nificantly different from zero, observe from 
(21) that when o- = 0, Eff = Sf e or 1/Aff = Sf ' 
e. Thus, for given values of Sf and e, an ap- 
proximate test for Ho: o- = 0 is the t-statistic. 

t = (A - l/(e Sf))/SE(Aff), 

where SE(Aff) is the estimated standard error 
for Aff derived from table 2. The estimated 
t-values for the six commodities are reported 
in table 3. Only for poultry is the null hypothe- 
sis of fixed input proportions not rejected. 
Therefore, it is important to allow for input 
substitutability between farm oultputs and 
marketing inputs in food processing and mar- 
keting. 

Flexibilities and Elasticities 

Using the equations in table 2 and extraneous 
estimates of the consumer demand elasticities 
for the food products, the set of equations 
shown in (19b) is used to calculate a matrix of 
total effects of exogenous demand and supply 
shifters on farm-level prices. This estimated 
matrix for beef and veal, pork, poultry, eggs, 
dairy products, and fresh vegetables is shown 
in table 4. While total effects of demand and 
supply changes on prices for processed fruits 
and vegetables and fresh fruits are not in- 
cluded here, the unrestricted retail price equa- 
tion estimates from table 1 were included in 
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Table 3. Estimates of Elasticity of Substitution 

Parameter Values 

Elasticity 
of Retail 

Demand (e) Commodity 

Beef and veal -0.78 

Pork -0.64 

Poultry -0.73 

Eggs 

Dairy 

-0.09 

-0.21 

Fresh vegetables -0.22 

Farmers' Share 
of the Retail 
Dollar (Sf) 

0.65 

0.55 

0.52 

0.62 

0.47 

0.33 

Elasticity of 
Substitution (or) 

0.72 
(2.60) 
0.35 

(7.09) 
0.11 

(1.45) 
0.25 

(7.93) 
0.96 

(19.05) 
0.54 

(11.45) 

Note: Elasticities of retail demand are extraneous estimates furnished by Kuo S. Huang of USDA. Elasticity of substitution estimates 
obtained through use of equation (21) and price flexibilities in table 2. Values in parentheses are t-values for the null hypothesis that 
oa = 0. 

the model when deriving the flexibilities and 
elasticities for the other commodities. Also, in 
order to conserve space, only total effects of 
farm quantities, marketing costs, and income 
are presented. 

Overall, the results in table 4 are consistent 
with previous results indicating that (a) all 
own-price flexibilities are larger than one in 
absolute value, (b) the majority of cross-price 
flexibilities display negative terms indicating 
substitutability among farm outputs, (c) all 
marketing cost variables except dairy show 
negative signs, and (d) all income flexibilities 
are positive. 

By solving the system of equations (19b) for 
percentage changes in farm quantities, we ob- 
tain total elasticities of derived demand for the 
farm outputs. These values are shown as the 
first elements of each column in table 5. Again, 

the results are broadly consistent with previ- 
ous findings. All own-price elasticities are less 
than one in absolute values; and the majority 
of the cross-price elasticities are positive, in- 
dicating substitutability among farm outputs. 
The main difference from previous results is 
that, except for poultry, farm-level demands 
are nearly as large as or larger than the corre- 
sponding retail elasticities. This difference oc- 
curs because of substantial substitution oppor- 
tunities as indicated in table 3. This result is 
consistent with the analysis of Gardner, who 
showed that derived demand for the farm 
product can be more elastic than retail de- 
mand. 

The traditional methodology for obtaining 
derived demand elasticities for farm products 
is to multiply elasticities of price transmission 
times retail demand elasticities (George and 

Table 4. Matrix of Flexibilities for Reduced-Form Farm-Level Prices 

Quantity 

Beef 
and Veal 

-1.37 
-0.27 
-0.50 
-0.70 

0.00 
-0.07 

Marketing 
Cost 

Pork Poultry Eggs Dairy Vegetables Index 

-0.17 
-2.05 
-0.66 
0.07 

-0.03 
-0.12 

-0.10 
-0.22 
-2.42 
-0.33 
0.01 
0.22 

-0.14 
0.10 

-0.34 
-6.71 
0.02 
0.11 

0.04 
0.00 
0.06 

-0.10 
-1.65 
-0.09 

0.00 
-0.02 
-0.18 
0.07 

-0.02 
-2.34 

1.06 
-0.57 
1.73 

-5.00 
0.39 
0.98 

Income 

1.42 
1.64 
1.68 
0.29 
0.24 
0.20 

Note: Flexibilities show percentage changes in farm prices to 1% changes in quantities, marketing cost index, and income. These are 
total flexibilities calculated from equation (19b). 

Farm Price 

Beef and veal 
Pork 
Poultry 
Eggs 
Dairy 
Vegetables 
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Table 5. A Comparison of Farm-Level Derived Demand Elasticities Under Variable and Fixed 
Input Proportions 

Price 

Marketing 
Beef Cost 

Farm Quantity and Veal Pork Poultry Eggs Dairy Vegetables Index Income 

Beef and veal -0.76 0.06 0.02 0.02 -0.02 0.00 -0.76 1.02 
(-0.50) (0.06) (0.02) (0.02) (-0.02) (0.00) (0.95) 

Pork 0.09 -0.51 0.04 -0.01 0.00 0.00 -0.29 0.64 
(0.09) (-0.36) (0.04) (-0.01) (0.01) (0.00) (0.64) 

Poultry 0.10 0.14 -0.42 0.02 0.01 0.05 0.74 1.13 
(0.12) (0.13) (-0.38) (0.02) (-0.02) (0.03) (0.32) 

Eggs 0.08 -0.02 0.02 -0.15 0.01 -0.01 -0.73 -0.05 
(0.07) (-0.02) (0.02) (-0.05) (0.01) (0.00) (-0.06) 

Dairy 0.00 0.01 0.00 0.00 -0.61 0.01 0.19 0.08 
(0.00) (0.01) (0.00) (0.00) (-0.10) (0.00) (0.14) 

Vegetables 0.01 0.01 0.06 -0.01 0.03 -0.43 -0.16 -0.21 
(0.01) (0.01) (0.04) (-0.01) (0.03) (-0.07) (-0.03) 

Note: Elasticities are total derived demand elasticities calculated through inversion of the matrix of flexibilities in table 4. Values in 
parentheses are derived demand elasticities calculated under the fixed proportions assumption. 

King). When there are constant returns to 
scale, the elasticity of price transmission 
equals the farmers' share of the retail dollar. 
This relationship can be seen by using (11) and 
(14b) in (12). The equivalent of the traditional 
methodology to assuming o- = 0 can be seen 
from (21). The own-price elasticities of de- 
rived demand by this procedure are shown in 
parentheses in table 5. They are considerably 
smaller than those when fixed proportions re- 
striction is not imposed. Indeed, except for 
poultry, the own-price elasticities in table 5 
are at least 40% larger in absolute value. Given 
the magnitude of the errors from using the 
traditional formulas, special care should be 
taken in using this methodology for calculating 
derived demand elasticities. 

Conclusions 

In this paper, a conceptual and empirical 
framework for estimating demand interrela- 
tionships at the farm level is presented. The 
modeling approach is quite flexible in that no 
restrictions need be placed on input sub- 
stitutability or diversity among firms in the 
industry. Moreover, by imposing the restric- 
tions of theory on reduced-form retail and 
farm price equations, the parameters of the 
marketing sector's supply/demand structure 
can be estimated without direct information on 
retail quantities. This finding is important be- 
cause direct estimates of retail quantities for 

disaggregated food commodities are fre- 
quently unavailable. 

The modeling approach was applied to esti- 
mation of retail and farm prices for eight sepa- 
rate food commodities. The empirical results 
were consistent with the theoretical specifica- 
tion of competitive marketing group behavior. 
Moreover, except for one commodity (fresh 
fruits), the results were consistent with an 
aggregate technology for food processing and 
marketing that is characterized by constannt 
returns to scale. The results also indicate that 
an important parameter characterizing food- 
marketing behavior is the elasticity of sub- 
stitution between the farm product and mar- 
keting inputs. Estimates of elasticities of sub- 
stitution were derived for beef and veal, pork, 
poultry, eggs, dairy products, and fresh vege- 
tables. Except for poultry, these elasticity of 
substitution estimates indicate substantial 
substitution possibilities in food-marketing in- 
dustries. 

A significant implication of input substitut- 
ability among farm outputs and marketing in- 
puts is that the derived demand elasticities for 
farm outputs are considerably larger (in abso- 
lute value) than when the assumption of fixed 
input proportions is imposed. Indeed, except 
for poultry-where insignificant input sub- 
stitutability was found-the own-price elas- 
ticities of derived demand for farm outputs 
were at least 40% larger in absolute value than 
those obtained under no input substitution. 
This finding implies that the traditional meth- 
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odology of obtaining derived demand elas- 
ticities by multiplying elasticities of price 
transmission by elasticities of retail demand 
can lead to substantial underestimation of de- 
rived demand elasticities. Thus, analysts 
should use reduced-form derived demand 
specifications for farm outputs in order to ob- 
tain more realistic estimates of derived de- 
mand elasticities. 

[Received February 1988; final revision 
received August 1988.] 
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