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Introduction

Continuous increases in world crude oil prices prompted the Canadian govern-
ment, after lengthy discussions with the provinces, to implement a new national
energy program which would allow the oil price in Canada to gradually increase
from the present level to a maximum of 75 percent of the average world price
during the period 1981 to 1986. This rapidly rising price of energy, resulting froma
combination of institutional and market forces, is expected to have a significant
influence on the structure of input demand and production costs in the Canadian
agricultural industry.

The substitution possibilities between energy and non-energy inputs becomes
particularly important if one is interested in deriving the impact of increasingly
higher priced energy and energy-based inputs on the welfare of the producers.
The smaller the possibilities for substitution between energy and non-energy
inputs the more difficult one might expect the adjustment by the industry to
higher energy prices to be. Unit costs may rise faster and the composition of
output may have to shift away from energy intensive products. This could require
significant changes in the underlying technological structure.

Another important aspect not usually considered in impact analyses is the
effect of expanding the scale of production on energy efficiency. Since Canadian
farm production is expected to expand quite rapidly during the foreseeable
future, it is important that such scale effects associated with energy price in-
creases be considered in the analysis.

Recent studies by Lopez and Tung [3] and Lopez [4] indicated that in the
Canadian agricultural industry (a) substitution possibilities exist between energy
and non-energy inputs; (b) energy and energy-based inputs appear to be comple-
ments; and (c) the output scale has significant effects on production costs and on
the responsiveness of input to price changes.

The purpose of this paper is to investigate the short and long-run impacts of the
national energy program on the welfare of Canadian farmers as measured by net
farm income. The study uses a simulation model which emphasizes substitution
possibilities and the output scale effect on the responsiveness of input use to
price change. This paper focuses on the analysis of the results as well as on their

potential policy implications.

Model Specification

The basic framework of the study is an econometric simulation model. The
model considers the interactions between input prices and input utilization in

* Fu-Lai Tung is acting chief and A.V.S. Narayanan is Research economist,
Production and income Analysis Section, Production Development Policy
Directorate, Regional Development and International Affairs Branch, Agricul-
ture Canada, Ottawa. The views expressed here are the author’s and do not
necessarily reflect those of Agriculture Canada.
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determining the net income arising from agricultural production in Canada.
Production or supply conditions are reflected by the costs of inputs and prices
received for various agricultural products. The prices of different inputs, in turn,
determine in part, the quantity of input items being used in production. The
parameter estimates are based on the interdependent system consistent with the
general equilibrium theory. These features of the model are necessary for impact
analysis associated with input price changes.

The structure of the model is outlined in Figure 1. Briefly, the model consists of
two components - the farm cash receipt and the farm expense submodels. The
farm cash receipts submodel, represented in the lower portion of Figure 1,
employs the Farm Income Block of the Food and Agriculture Regional Model
(FARM) developed by Tung et. al [5]. In the model farm cash receipts are de-
termined by equilibrium supply/demand conditions of outputs and prices for
agricultural commodities. These commodity prices are generated by the Com-
modity Submodels in FARM for 90 percent of the commodities and are de-
termined exogenously for the remaining ten percent.

The Farm Expense Submodel as developed specifically for this analysis, de-
termines total farm operating expenses in three steps; first, the quantity de-
manded of each of six factor inputs (energy, energy-based, labour, capital, land
and other intermediate inputs) is derived using non-linear equations emphasizing
on factor substitution, scale effects and technological changes; second, these
major demand categories are converted into costs; third, these derived produc-
tion costs are transformed into items of farm expenses consistent with National
Income accounts employing a set of linear linkage equations. The realized net
farm income is then determined as the difference between total cash receipts and
total farm expenses. Full details of the farm expenses sub-model are as follows.

Following Lopez and Tung [3], a variant of the generalized Leontief Cost
function in its stochastic estimating form is used to estimate the demand for six
factor inputs'.

1/2
(1) Xi=3b;(P/P) +o; Q+rT+usij=1,...6

Q
Where: X, = quantity of factor input i ;
P; = weighted price indexes of the six factor inputs:
Q = thelevel of output weighted by the 1971 price weights; and
T = time trends representing technological change.

The costs of production (C;) for these six factor inputs are determined by:
C=X"*p;i=1t06

These estimates of G, and lagged dependent variables or time variable are
linearly related to the corresponding farm expense items? for estimating the

' Detailed derivation of these stochastic equations can be found in Lopez and
Tung, (3).

2 Only relevant C; are employed in the respective equations. For example, fuel
expense equation uses energy cost (C¢) and fertilizer expense uses energy-
based cost (Cy).
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equations employed to derive the detailed farm expenses, subject to the good-
ness of fit criteria.

Impact Determination

An increase in crude oil prices is expected to have direct effect on increasing
the prices of fuel (energy) and of energy-based inputs (fertilizer and agricultural
chemicals) which in turn will have shertand long-run effects on-farm income. The
difference between short and long-run effects arises from the possibility of
substituting energy and energy-based for non-energy inputs in the long-run.

In the short run, when the prices of energy and energy-based inputs increase
due to a crude oil price increase, the possibility of substituting relatively cheaper
inputs for energy and energy-based inputs in farm production is limited. Thus, the
short-run impact on farm income is the absorption of the full increase in farm
expenditures for fuel, fertilizer and agricultural chemicals attributable to the
increased crude oil price. It is assumed that the crude oil price increase has no
effect on increasing other farm input prices. Given this assumption the short-run
income impact depends on the importance of energy and energy related ex-
penses in the farm budget.

In the long-run, as energy and energy-based input prices increase there are
possibilities for farmers to substitute other relatively cheaper inputs for energy
and energy-based inputs. The long-run impact is, therefore, determined by the
elasticities of substitutions among factor inputs.

A number of studies have identified substitutabilities among factor inputs.
Berndt and Wood [1] examined substitution possibilities between energy and
non-energy inputs in U.S. manufacturing and reported that some limited sub-
stitability exists. Griffen and Gregory [2] come to a similar conclusion. Webb and
Duncan [6] examined the substitution possibilities for the U.S. agricultural sector
and concluded that each pair of inputs among energy, machinery, land, and hired
labor are substitutes to some degree; but, substitution between hired labor and
machinery holds the greatest potential.

The model, as discussed above is specifically constructed to measure the
long-run effects of energy price increases on farm income.

Data Series and Estimation Procedures

Annual data over the 1962-79 period were used for estimating all the equations
in the model. For the six factor input demand equations the data required are:
price indexes and quantities of the six factor inputs considered and the quantity
of output. The Output is represented by the Real Gross Product of agriculture
defiated by the aggregate farm product price indexes for each region, 1971 = 100.

Quantities of the six factor input variables considered are the flows of services
actually obtained from these factor inputs. It was assumed that inputs related to
energy and energy-based groups are utilized within the year. Accordingly, the
quantity of energy input was the aggregated expenses for fuel and electricity and
the quantity of energy-based inputs was the sum of fertilizer and agricultural
chemicals, expressed in 1971 prices. The labor price was the hired labor wage
rate and the quantity was hours worked on farms by hired, operator, and family
labour. The average hours worked per week by province obtained from Statistics
Canada was used to estimate the number of man-hours worked by assuming each
worker had worked on average, 40 weeks per year. The hired wage rate was
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obtained by dividing total wage payments by the estimated hours worked by the
hired workers in 1971.

A similar procedure was used to aggregate the different categories of capital
flows, which included farm machinery, farm equipment, farm vehicles, farm
buildings, and animal stocks. The flows of services from farm machinery, equip-
ment and farm vehicles, were the sum of farm machinery and building deprecia-
tion charges, based on 1971 values. The flows of services from animal stocks were
assumed to be equal to the sum of average value of different animal stocks
expressed in 1971 prices according to their productive lifetime periods. The
animal stocks considered were cows, bulls, sows, and sheep; the productive
lifetime periods were assumed to be equal to seven years for cows, bulls and
sheep and three years for sows.

The flows of services from land were assumed to be identical to the annual rent
paid to all land, including owned and rented land, expressed in 1971 prices. The
average rent per acre for rented land for each province was used to estimate the
rent for owned land.

The quantity of other intermediate inputs was the total expenditures on feed,
other livestock, seed, other crops, miscellaneous items, interest payments for
farm operating purposes, all expressed in 1971 prices.

The price indexes for the six factor input categories were the weighted price
indexes of relevant input components using the 1971 weights.

Two methods were employed to estimate the stochastic equation systemsin the
model. The six non-linear input demand equations in Generalised Leontief form
which required the imposition of symmetry conditions ie. b; = b;; fori = J, the Full
Information Maximum Liklihood (FIML) estimation method was used. For this
purpose the 1962-79 time series data for the two regions (cross-sections) were
combined to obtain 38 observations. The system of six input demand equations
which have 38 variables including six dummy variables (one for each equation)
was then estimated using FIML.? For the 23 linear linkage equations for deriving
farm operating and depreciation expenses consistent with National Expenditure
Accounts, the ordinary least squares (OLS) method was used.

Estimation Results

The FIML estimation results of the system of six factor input equations are
presented in Table 1. The results indicate that the majority of R* values fall
between 70 to 86 percent except the energy-based input equation showing only
45 percent. However, this should be considered as satisfactory fit, in view of the
use of cross-sectional data for the estimation. The signs of the estimated coef-
ficients appear theoretically consistent for all the variables. The “'t” ratios for 12
variables including three dummy variables show non-acceptable levels of
significance.

The OLS estimates of the 23 linear linkage equations are presented in Tables 2
and 3. The goodness of fit of the equations and the sign consistencies of the
coefficients are in general satisfactory, but there are also many non-significant
relationships observed. However, the model has been validated for forecasting
performance and impact analysis using the root mean square percent error

3 For FIML estimation the number of data points should be at least equal to or
exceed the number of variables.
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Table 1: Estimated Parameter Values, Standard Errors, and R? for the Six
Generalized Leontief Cost Functions.
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Table 2: Estimated Parameter Values, Standard Errors, and R for the Linkage
Equations, Western Region.+
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Table 3;: Estimated Parameter Values, Standard Errors, and R* for the Linkage
Equations, Eastern Region.+
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(RMSPE), a good indicator of equation performance. The results indicated that
the RMSPE is never over 22 percent which shows high validity for these
equations.

Impact of National Energy Program (NEP)

Under the recent National Energy Program (NEP), a new energy price schedule
will allow the oil prices in Canada to gradually increase to a maximum of 75
percent of the average world price during the 1981-86 period. The effect of this
energy price schedule on farm income depends on farmers’ ability to adjust the
input mix over time. Accordingly two sets of assumptions are employed for impact
estimates: the short and the long-run assumptions. In the short-run it is assumed
that farmers are unable to make any input mix adjustment. This implies that all
input demands are held constant at the estimated 1980 levels of input-output
ratios just prior to the establishment of the new price schedule under the National
Energy program. In the long-run all inputs are unbounded.

Given that farmers can adjust input mix as price changes, the impact of NEP on
farm income is determined by the difference between the simulated results of
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Table 4: Simulated Impact of National Energy Program on Realized Net
Income, Canada, 1981 and 1982.

Shor t-Run Long-Run
1981 1982 1981 1982
A. Realized Net Income (Mill.$)
1. Statistics Canada Estimates * 4,304 3,409 4,304 3,408
2. Model Results
1. "“Without" NEP 4,373 3,531 4,960 3,998
2. "With" NEP 4,035 3,029 4,631 3,562
8. Impact
1. HEstimates* + 338 502 329 436
2. Percentage Difference 7.8 14.2 6.6 10.9

* Statistics Canada estimate for 1982 is the forecast made in December 1981
atter the NEP is in effect.

+ Dbifference between "with" and "without" NEP

Percentage to "without" NEP

“with NEP" and “without NEP”. Under the “with NEP” situation, the price
schedule for crude oil, natural gas and electricity established under the NEP,
forms the basis for deriving the energy and energy-based input price indices.
Using the estimated relationship* between the rate of price increase of crude oil
and natural gas, and the rates of price increases for fuel, fertilizer and chemicals,
the input price indices for fuel, fertilizer and chemicals were derived for the 1981
and 1982 periods. The price index for electricity was projected directly as pro-
posed under the NEP. These price indices were then combined to form energy
and energy-based price indices using appropriate weights. The price indices for
the non-energy inputs were projected on the basis of growth rates during the
1974-1979 period.

For the “without NEP”' situation, the crude oil, electricity and natural gas price
schedules were projected from the last price increases prior to the inception of
the NEP. These projected price indices were then employed to construct energy
and energy-based input price indices using appropriate weights as the “with
NEP” case. Other input price indices were same as the “‘with NEP”’ case.

The simulated impacts under different assumptions are summarized in Table 4.
For Canada, in 1982, we find that, after allowing full substitution possibilities, the
NEP is estimated to reduce realized net income by $436 million.

To evaluate the reliability of the impact estimates from the model the simulated
realized net income is compared with Statistics Canada's estimates. As shown in
Table 4, the short-run “without NEP" result is very close to the Statistics Canada’s
estimate of $4.3 billion for 1981 when the NEP price schedule was only partially in
effect. For 1982, the long-run “with NEP” resultis closer to the Statistics Canada'’s

+ Dr. H.T.M. Colwell, Head, Energy Research Unit, Energy Division, Production
Development Policy Directorate, Agriculture Canada, Ottawa, has estimated
that for an increase of one dollar per barrel in crude oil price and $0.15 per 000’
cu. ft. in natural gas price, the prices of fuel, fertilizer and chemicals will
increase by 6.5, 1.5 and 0.9 percent respectively.
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estimate. This suggests that farmers tend to gradually adjust their input mix when
the economic and technical circumstances provide them with feasible course of *
action. This also shows that disregarding substitution possibilities tend to over-
estimate the real fong-run impact. Although the model forecasts of realized net
farm incomes are overestimated, this should not affect the impact estimates, as
the overestimation errors occur in both “with” and “without” NEP situations
under short and long-run cases.

Given the above qualifications of the model, we estimate that realized net farm
income in Canada would be $436 million or 11 percent more in 1982 if the NEP had
not been introduced by the Canadian government (the long-run case). This
magnitude of impact, however, could be reduced in the future if substitutions or
input mix adjustments continue to take place. The question then is how much
substitution between energy and non-energy inputs farmers can make. When
substitutions reach the technical limit continued increase in energy price would
have an impact on farm incomes similar to the short-run case. This implies that
speeding up technological development to enhance substitution possibilities
would be an appropriate way of reducing the effect of the NEP on farm income in
the long-run.
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