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ESTIMATING THE PRODUCT REVENUE BIAS OF TECHNOLOGICAL CHANGE

The effect of technological change on production input mix received

significant attention by economists during the last few decades. Most

studies on the subject estimated the input biases of technological change

which indicate the effect of new technology on input mix by utilizing the

two-factor single product models (David and van de Klundert, 1965; Beckman

and Sato, 1969; Nadiri, 1970). These models, however, were quite restrictive

and could not be used to estimate input biases when more than two inputs are

used in production.

Binswanger (1974) used the duality theory approach to demonstrate that

Hicks type biases can be estimated for production processes involving

multiple inputs but a single product. More recently, however, several

studies have suggested that even the multiple-input/single-product models

are restrictive in modeling the production technologies employed in

multi-product industries such as agriculture. Ray (1982), Shumway, Pope and

Nash (1983), and several others therefore proposed the multiproduct models

for estimating farm production technology.

One important but often ignored aspect of technological change is its

possible effect on the product side. Although, with the advent of the

multi-product models, the possibility of estimating the effects of

technological change on the product mix and the relative shares of farm

revenues from various farm product categories seems stronger, very little

empirical effort has been aimed at such estimation. Knowledge gained from

such a study can be useful to farmers and policy makers in understanding the

potential impact of new technology on farm revenues and the relative incomes

and profitability of various types of farm enterprises.

In this paper, a multi-product model capable of providing estimates of

input biases and the product revenue biases of technological change is



ABSTRACT 

A joint multi-product model was used to derive measures of marginal

rates of product tranformation and the input biases, product biases

and rates of technological change. in the West Virginia farm sector.

These were used to analyze the effect of technological change on the

revenue shares of the economy's sub-sectOrs



presented and applied to data from West Virginia's agricultural sector in

order to determine the extent to which technological change has encouraged

or discouraged the production of various farm commodity categories.

THEORETICAL BACKGROUND

Assuming full employment of production resources, fixed technology,

optimal efficiency and technological jointness in the production of a vector

of products (Q), a production possibilities frontier, G(Q), exists for the

industry which is non-linear and concave. Concavity of G(Q) implies that the

marginal rate of product transformation (MRTS ) of the rth product (Q
r
) for

rs

the 
5th

product (Qs) along G(Q) increases as the output of product Q
s

increases. By further assuming that only two products (Q
r 

and Q
s
) are

produced, a two-dimentional production possibilities curve, such as shown in

Figure 1, can be used to illustrate the output alternatives available in the

production process.

In Figure 1, it is important to note that all points within G(Q), such as

U, represent inefficient use of resources while all points beyond G(Q), such

as W, are unattainable unless technological change facilitates a shift in

the G(Q) function. This occurs when newer technologies allow greater output

from a given level of resources or when the same level of output can be

produced at a lower cost. Furthermore, MRPT of Q
r 
for Q

s

G(Q) function.

is the slope of the

Product neutral technological change which maintains the product mix

structure involves a parallel shift in the production possibilities curve

from G(Q) to G(Q)' (Miller, 1982). An example of such shifts is improved

management ability due to advances in the use of computers in farm

management which is likely to keep the product proportions unchanged. On the

other hand, non-neutral (biased or non-parallel) shifts in the production

possibilities curve which occur when new technology favors the production of

one product relative to the other is shown in Figure 1 as a shift from G(Q)

•
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to G(Q)". For example, advancements in dairy technology are more likely to

benefit dairy production than crop production. Hence, the increase in dairy

output can be expected to be higher than in crop, given the same level of -

resources.

Figure 1. Two-product Production Possibilities Frontiers.

Qs

ii

G(Q) G(Q)' (Q)''

MODELING AGRICULTURAL SECTOR PRODUCTION TECHNOLOGY

Determining the product bias of technological change requires the

specification of a multi-product model for the sector in question.

Furthermore, for the agricultural sector, the model must reflect the

technological jointness of farm technology which is due to the use of

allocatable fixed inputs (Shumway, 1983).1 The specification of separate

production functions for each commodity produced is inappropriate because it

does not account for technological jointness (Shumway, 1984). The

multi-product cost function, however, seems appropriate as it takes into

account technological jointness. Besides, it is useful because it can be

used to estimate the marginal rate of product transformation and the revenue

bias of technological change, both of which are useful in evaluating changes

in the product mix.
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The Model

The dual cost function for a multi-product farm sector can be implicitly

expressed as follows (Ray, 1982):

(1) C = C(Q, P, 1)

where C is total farm sector cost of production; Q is a vector of outputs

r = 1, 2, ....., m; P is a vector of input prices (Pi), i = 1 2,(Qr)'

n; and t is the trend variable, reflecting technological change. The

cost function in (1) assumes that the production technology for the sector

is joint. Furthermore, it is linearly homogeneous, continuous, concave and

increasing in the input prices, non-negative and non-decreasing at all input

price and output levels, and is twice differentiable with respect to the

input prices and the products.

A second-order Taylor-series expansion of (1) 'yields the following

explicit translog cost function:
111 nn

(2) 1nC = ao + EbrinQr + 11E EdrsinQr 4- EeilnPi + 1/2E Eh..1nP 1nP. + zT 
t

i J •r r s j. i j 1J
m n2 m n4. 1/2zTTt + E EkrilnQr1nPi + Eg tlnQr 4- EzTitlnPi

r i r i

Furthermore, the following linear homogeneity and symmetry constraint must

be imposed on (2):

(3) Eei = 1; Eh14 = 0, (j=1, 2, .• n); Ekri = 0, (i=1, 2, . .7, n);

EzTi = 0; hij = hji, (for i and j); drs = dsr , (for all r and

The input shares (S
i
) can be derived by using Shephard t s lemma:

(4) Si = Xi Pi/C = ei r+ + Ek i nQ rl + t.zTi

By assuming that all product and factor markets are competitive, which

implies that the r
th 

product's price (P
r
) is equal to the marginal cost of
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producing it (MC), the revenue shares of each product (Sr) can also be

expressed as (Ray):

(5) Sr = Pr Qr/C = DC Qr/3(11. C = DlnC/DlnQr

= b + 2d lnQ + zkrilnPi -I- 2 trs s -Tr—

Inherent  in the joint multi-product model is the notion that

.product-product relationships exist in the production process. The cost

• function in (2) is therefore specified to allow the estimation of such

relationships through the marginal rate of product transformation which is

the ratio of the marginal costs of any two products. The marginal cost (MCr)

is derived as follows (Ray, Brown Caves and Christensen):

6) MCr =P. = Sr C/Qr.

The marginal rate of product transformation (MRPT ) is therefore derived asrs

(Denny and Pinto):

(7) MRPTrs = (3C/3Qr)(DC/3Qs) = MCr/MCs = ((1nC/31nQr)/(D1nC/31nQs))(Qr/Qs)

Qs)/(Ss Qr)7

Equation 2 is also specified to allow the estimation of the rate of

technological progress (Et), the input bias of technological change (Blasi)

and the revenue bias of technological change (Bias
r
). The rate of

technological progress is expressed as (Ball and Chambers):

8)
E- = -(31nC/3t) = -(zT + zTTt + EgTrinQr + EzTilnPi).

Furthermore, the input biases are expressed as (Binswanger):

9) Biasi = 3S1/Dt = zTi, for all i.

Thus, technological change is assumed to be biased with respect to input i

at a constant rate of z
Ti 

such that if z
Ti 

= 0
' 

z
Ti 

< 0 or z
Ti 

> 0, it is,

respectively input i neutral, input i saving or input i using.

The revenue bias of technological change (Bias) can also be derived as

the effect of technology on revenue shares. This is expressed as follows:
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10) Biasr = 3Sr/3t = 2 for all r.

In (10), it is assumed that technological change is biased with respect to

the products atconstant rates
°f gTr. if g =Tr 

0, technological change is

neutral with respect to product r and the revenue share of product r remains

unchanged. On the other hand, 
if g 

< 0, technological change will decreaseTr

the revenue share of product r and if g
-Tr 

> 0, technological change will

increase the revenue share of product r. In the event that technological

change reduces the revenue share of two or more products, it is useful to

observe the relative bias (Bias ).
rs

11) Bias
rs 

= (Bias
r
/Bias

s
) = g

Tr
/g
Ts
.

If Bias > 1, the revenue share of product r declines more than the revenuers

share of product s. The reverse is true when Bias < 1.
rs

TECHNOLOGICAL CHANGE IN WEST VIRGINIA AGRICULTURE

The model was used to estimate the impact of technological change on the

input as well as the revenue mix of the West Virginia agricultural sector.

Farm inputs in the sector were divided into six categories, labor (0,

fertilizer inputs (F), energy inputs (E), machinery inputs (M), capital (C)

and miscellaneous inputs (N). The farm sector output was also divided into

two categories, crop products (c) which include all grain, seed, hay,

forage, silage, tobacco, fruit, berry, nut, vegetable, melon and greenhouse

products, and livestock products (1) which include all poultry, dairy,

cattle, calves, hogs, feeder pigs, sheep and lamb products.

Data on input prices, input shares and outputs were required to fit the

model. The input price data came from the Agricultural Prices, (USDA). The

input shares for each of West Virginia's fifty five counties over six time

periods (1959, 1964, 1969, 1974, 1978 and 1982) were obtained from the

information on farm expenses published in the Census of Agriculture, West

Virginia, (USDA). For each time period, output and revenue data for each

county were also obtained from the same source.
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The multi-product translog cost function, the revenue share equations (5),

the cost share equation (4) and the cost function itself (2) were estimated

simultaneously. However, the input share equation for miscellaneous inputs

was dropped and the other equations were estimated using Zellner's seemingly

unrelated technique (Barten, Kmenta and Gilbert, Ray, Ruble, and Griffin and

Gregory).

Given the size of the multi-product cost function and the number of

parameters estimated, the estimates were found to be satisfactory since all

but 9 of the 55 parameter estimates were significant at the 5 percent level.

However, these estimates are not provided in this paper. The R
2 

values were

also considered to be adequate given the nature of the multi-product cost

function and it was determined that serial correlation was not a problem.

Furthermore, the test for concavity and monotonicity led to the conclution

that the cost function was well behaved.
3 

A number of additional tests on

the cost function led to the general conclusion that the technology was

non-joint and non7homothetic and that technological change in the sector was

non-neutral.

The Rates of Technological Progress 

The estimated annual rates of technical progress presented in Table 1 show

that technological change was infused into the West Virginia agricultural

sector at an annual rate of about 1 percent in 1964, 2 percent in 1969, 3

percent in 1974, 4 percent in 1978 and 5 percent in 1982. In 1959, however,

there was technological regression in the sector. As suggested by Ball and

Chambers, technological regression may be indicative of massive

technological improvement but failure of the industry to grow into it due to

an overestimation by farmers of the growth in demand for farm products. In

the years that technological progress occured, however, the rates of

technical progress in West Virginia were rather low, compared to the

Northeastern U.S. dairy sector (see Hogue and Adelaja, 1984). Adelaja (1984)
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suggested that farms in West Virginia are reluctant to improve technology

since farm technology in the U. S. tends to be too sophisticated and

mechanical for West Virginia farms.

The Rates of Product Transformation

The marginal rates of product transformation (see Table 1) which represent

the slope of the production possibilities curve further provide information

on shifts in the product mix of the farm sector. The observed increase in

absolute value of MRPT
lc 

in the industry before 1974 suggests relative

shifts in resources from livestock to crop products prior to 1974. However,

the decrease in the absolute value of MRPT
lc 

after 1974 suggests that

resources were shifted back towards livestock production after 1974. Since

it was observed that technological change occured during most of the period

under study, changes in MRPT
lc 

tend to suggest that the production frontier

shifted but the product mix also changed in response to changing technology.

The Bias of Technological Change 

Estimates of the input bias as well as the product bias of technological

change are provided in Table 2. According to the estimates, technological

change in West Virginia agriculture was labor saving, fertilizer using,

energy saving, capital using, machinery using and miscellaneous inputs

using. The estimated labor saving bias explained why the percentage of West

Virginia labor force employed in farming has been declining over the years.

. The estimated capital and machinery using bias of technological change also

suggests that the declining importance of labor may have been due to the

increase in capital and machinery intensity of farm technology in the state.

Furthermore, the estimated energy saving bias suggests that farmers are

perhaps employing energy conserving technology probably due to the rapid

increases in energy prices in the last few years.

The estimated product biases suggest that technological change has caused

the revenue shares of both crop and livestock products to decline over the
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years. This finding is important because it suggests that non-marketed farm

products are becoming more important to West Virginia farmers.

The non-marketed products include farm products consumed on the farm and

other benefits derived from farming. These are particularly important to

farmers in West Virginia where an estimated $91 million of non-money farm

income (20 percent of total gross farming income) was realized in 1980 (West

Virginia Department of Agriculture, Crop Reporting Service). The product

biases suggest that although the farming technology does not discourage the

production of livestock products or crop products, it encourages the

production of farm consumed goods. This may imply that the technology

employed in the state is inadequate for full scale market oriented farming.

Since the revenue bias for crops and livestock products are negative, it

is helpful_ to observe the relative revenue bias which measures the bias for

a product relative to the other. The relative bias indicates whether the

reduction in the revenue share of one product, relative to the other, is

greater. The relative bias (Biaslc) for West Virginia was estimated to be

0.8125. This indicates that the technological change in the sector was

livestock intensifying or, in other words, it had more impact in increasing

livestock revenues than crop revenues. Thus, in general, it may be concluded

that the revenues from crop and livestock have increased over time, the

revenues from crops and livestock as a percentage of total farm sector

benefits have declined and the decline in crop share of total revenues is

higher than the decline in the livestock share of total farm sector

revenues.

'CONCLUDING REMARKS

The main objectives of this paper are to present and examine the efficacy

of an analytical model capable of producing estimates of the revenue bias of

technological change in a multiple product sector. Empirical results

obtained by applying the model to West Virginia data suggest that

•
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technological change may have led to increases in livestock and crop

revenues but that livestock revenues have increased faster in the sector.

Also, the revenue shares of livestock and crop products have decreased over

the years. This implies that there has been an increased emphasis on

production of non-marketed products but a reduced emphasis on market

products. The information generated is useful in analyzing trends in sources

of revenues for farmers and also in the allocation of resources between

multiple products.

NOTES

1. Technological jointness is often defined in terms of non-jointness. As

expressed by Hall (1973), and Denny and Pinto (1978), a multi-product

technology is non-joint if the output of any single process depends only

on the inputs used in that process and not on the levels of inputs or

outputs in any other process. On the basis of this definition, it is

often assumed that agricultural production technology is joint.

2. The revenue share is the ratio of the revenue generated from a product

to the total farm sector cost of production. But assuming perfect

competition, the sum of market and non-market products is approximately

equal to the cost of production. In other words, Sr = PrQr/C and S
1 
+ S2

+s
3 

........... + S =1.

3. For details of these tests, see Adelaja (1984).
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Table 1. Estimated Marginal Rates of Product Transformation and the
Rates of Technical Progress in West Virginia Agriculture,
1959-1982

Marginal Rate of Rate of
Year Product Transformation Technical Progress

1959 -0.597 -0.0052

1964 -0.632 0.0095

1969 -0.669 0.0187

1974 -0.540 0.0331

1978 -0.508 0.0410

1982 -0.460 0.0506

Table 2. The Estimated Bias of Technological Change

Input/Output Estimated Bias Standard Error Nature of Bias

BiasL

Bias

Bias
E

Bias
m

Biasc

BiasN

Bias
1

Biasc

Biaslc

-0.0056 0.0008 Saving

0.0001* 0.0004 Using

-0.0008 0.0002 Saving

0.0025 0.0005 Using

0.0149 0.0019 Using

-0.0111 Saving

-0.0052 0.0015 Livestock Revenue
Reducing

-0.0064 0.0014 Crop Revenue
Reducing

0.8125 Livestock Revenue
Intensifying
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