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ABSTRACT

This paper uses a non-homothetic translog cost function to calculate Allen and Morishima
elasticities of substitution (AESs and MESs) based on panel data for 11 Vermont dairy farms
over a 24 year period. The results indicate that there is a substantial difference between the
computed AESs and MESs. The estimates show that the AESs overstate both the substitution
and complementary relationships among the inputs. Overall, the MES measures suggest that the
dairy farm technology is quite flexible.
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FACTOR SUBSTITUTION IN DAIRY FARMING:
A COMPARISON OF ALLEN AND MORISHIMA ELASTICITIES

Measuring the ability of firms to respond to changes in relative factor prices has been an
important area of applied work in production economics. The elasticity of substitution (ES), introduced
in 1932 by Hicks and refined by Allen in 1938 (AES),' has been widely used to quantify the sensitivity
of optimal factor combinations to changes in relative factor prices. Since this early work, several
different measures of factor substitution have been developed (Mundlak).

In applied analysis, the introduction of the constant elasticity of substitution production function
by Arrow, Chenery, Minhas and Solow along with more recent work in flexible functional forms has
provided impetus for the measurement of factor substitution. A great deal of the empirical work dealing
with factor substitution has relied on the AES. Studies of this type for agriculture include the work by
Ball and Chambers, Binswanger, Brown and Christensen, Ray, Sharma, Ali and Parikh, Grisley and Gitu,
and Hoque and Adelaja.

Over the last decade, some researchers have questioned the usefulness of the AES as a measure
of factor substitution for multi-input technologies. Chambers has argued that the AES is only a one-
factor-one-price ES "... since it is a derived demand elasticity divided by a cost share" (p. 95). Hence,
the AES provides no information beyond that given by the elasticity of factor demand. Chambers also
argued that the Morishima Elasticity of Substitution or MES (Morishima; Blackorby and Russell, 1975),
provides more economically relevant information than the AES because it is a true measure of how a two
factor input ratio responds to a change in the price of one of the factors.

More recently, Blackorby and Russell (1989) have shown formally that, for a multi-input
technology, the AES does not constitute a measure of the ease of substitution between a pair of inputs
when their relative prices change. These authors summarize their view by bluntly stating that "...the AES
is completely ... uninformative” (p. 883). In the same paper, Blackorby and Russell argue for the use
of the MES.

Considering the great deal of effort that has been devoted by many researchers to develop
empirical AES estimates, the findings of Blackorby and Russell invite us to take a new look at elasticity
of substitution measurements. The purpose of this paper is, therefore, to examine the degree to which
AESs differ from MESs in milk production. A handful of recent studies have performed similar
comparisons but no one has, to our knowledge, focused on the dairy farming sector.”?  Furthermore,
the limited number of studies that have undertaken this type of analysis is by no means sufficient to derive
any empirical regularities that might exist concerning the relation between AESs and MESs.

'"The elasticity of substitution (ES) measure developed by Allen is known in the literature as the Allen
ES or AES. .

*Studies that have compared AESs with MESs have been published by Ball and Chambers for the US
meat products industry, Taylor and Gupta for aggregate southeastern US agriculture, and McMillan and
Amoaka-Tuffour for rural and urban municipalities in Australia.
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