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CHAPTER I. RESOURCE ORGANIZATION AND STRUCTURE IN U.S. AGRICULTURE

Agriculture in the United States has undergone vast changes
since the turn of the century. The numbers of farms and farm
workers have declined drastically. The average size of farms has
increased. Only a small percentage of the horses on farms today
is used for work. Agricultural inputs increasingiy come from non-
farm sources. World agricultural markets can affect local U.S.
markets today. The farm bloc has lost much of its political clout.

These changes have not hampered farmers' ability to produce;
indeed, improvements in farmers' ability to produce probably caused
these changes. Overall output and productivity in U.S. agriculture
have increased tremendously since 1910 while total input has remained
fairly constant (Figure 1.1). Aggregate agricultural output in 1977
is 180 percent larger than in 1910 but aggregate input is only 20
percent larger (Table 1.1). Overall productivity has increased by
136 percent in the same period. Crop production per acre has in-
creased by 120 percent. Labor productivity has increased by 1,230
percent since 1910!

The changes in productivity can be linked to changes in the
resource or input mix. While the total level of input has remained
fairly constant,the proportion of that input that is purchased from
nonfarm sources has increased (Figure 1.2). By freeing labor from

producing inputs the labor can be used to produce output thus in-
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Figure 1.1. Indices of national farm output, input,
and productivity, 1910-1977.



Table 1.1. Aggregate output and input and overall, cropland, and

labor productivities, 1910-1977, selected years.2

Farm
Aggregate Aggregate Aggregate Crop production output per
Year output input  productivity per acre labor hour
---------- 1967 = 100 = = = = = = = =~ = = = = = - - -
1910 43 86 50 56 13
1920 50 98 52 61 14
1930 52 101 51 53 16
1940 60 100 60 62 20
1945 70 103 68 67 26
1950 74 104 71 69 34
1955 82 105 78 74 44
1960 91 101 30 89 65
1965 98 93 100 100 89
1970 101 100 102 104 115
1975 114 160 115 112 152
1977 121 103 118 116 173

ASources: (Durost and Black, 1978, p. 19, 45, and 69).



ALL INPUTS
ON-PURCHRSED INPUTS +
URCHASED INPUTS X

7.50

i

IX=ALL_ INPUTS

5.00

1

i ] i
i91.00  193.00 195.00 197.00
YEAR {xio! 3

Figure 1.2. Indices of total, nonpurchased and purchased
input levels, 1910-1977.



creasing productivity. And as the absolute Tevel of labor decreases
as output increases, the productivity of the remaining labor increases.
To increase production as labor input decreases, the use of machinery
and agricultural chemicals is increased.

The total input level increased by 20 percent since 1910; however,
the amount of inputs purchased from nonfarm sources increased by 210
percent while the amount of nonpurchased inputs decreased by 44
percent (Table 1.2). The farm labor force in 1977 is 78 percent less
than in 1910. The amount of land used in agriculture is quite
stable. Mechanical power and macainery use has increased by 480
percent. The use of agricultural chemicals has increased by 2,920
percent since 1910. The levels of feed, seed, and Tivestock purchases
have increased by 480 percent reflecting larger portions purchased
from nonfarm sources and increased demand for livestock products.

These trends in agricultural resource use are not necessarily
irreversible or unchangeable. Past changes in resource use were
based on agricultural production functions and were responses to
economic, technological, environmental, institutional, governmental,
and other stimuli. Future changes will be based on production functions,
as well, and will be responses to future stimuli. But future stimuli
may differ from past stimuli so future changes in resource use may
differ from past changes.

This is not saying that future stimuli, and thus resource use,

will change. It is quite possible that the stimuli will remain fairly



Table 1.2. Indexes of total agricultural input and major input subgroups, 1910-1977,

selected years?

Total input

non- Mechanical Feed, seed and

A1l purchased purchased Farm Farm real Power and Agricultural livestock
Year labor estate machinery chemicals purchases
(1967 = 100)
1910 86 158 38 321 98 20 5 19
1920 98 180 43 341 102 31 7 25
1930 101 176 50 326 101 39 10 30
1940 100 159 58 293 103 42 13 42
1945 103 161 62 271 98 58 20 54
1950 104 150 70 217 105 84 29 63
1955 105 143 76 185 105 97 39 72
1960 101 119 86 145 100 97 49 84
1965 98 103 93 110 99 94 75 93
1970 100 97 102 89 101 100 115 104
1975 100 92 107 76 96 113 127 101
1977 103 88 118 71 97 116 151 110
aSource: (Durost and Black, 1978, p. 56-57).



stable but to assume that no change will occur is naive. For example,
the process of education, innovation, and adoption is a continuous
process. However, adoption of new technologies of recent years

(e.g., chemically-processed fertilizer, hybrid crops, pesticides,
etc.) may be so widespread that their impact upon trends or changes

in resource use will decrease relative to the impact of other stimuli.

To understand past changes and to forecast future changes in
resource use, an understanding of agricultural production functions
is needed. These production functions show the relationship between
the level of resources and the level of production. And, in reverse,
given the demand level for the product, the production function
determines the demand for the various resources. This process of
determining resource demand is the response to stimuli; the exogenous
stimuli exhibit their effects through the resource structure to
determine rescurce demand.

Resource structure is used in this study to refer to the mix of
resources used, the size and number of farms, and the demand, supply,
and production functions of agriculture. The structural coefficients,
the parametevs of demand, supply, and preducticon funciions, deter-
mine the structural organization of agriculture, the mix of re-
sources and the size and number of farms. The structural organi-
zation ¢f agriculture is physical and directly measurable; the
structural coefficients are discernible as underlying, intrinsic

relationships.



It is the organization that changes in response to exogencus
and endogenous stimuli. These changes are determined by the under-
lying structure of agriculture. A structural shift (e.g., techno-
logical change or shift in producer preference) causes a different
response to the same stimuli.

To estimate the response to stimuli, the structure or derivations
from the structure must be known. If governmental policy changes are
proposed, the structure or its derivations are needed to predict
the impacts upon agriculture. To estimate farmers' response to a
fuel tax, the structure itself is needed to quantify the effect and
to estimate the impacts upon agriculture as a whole.

This study estimates part of the resource structure of U.S.
agriculture. The factors affecting the demand for resources and
groups of resources at the national level are analyzed by econometric
methods. The significance, magnitude, and direction of the impact
of these factors is determined. Elasticities of demand are calculated
from this analysis; these show how responsive national resource
demand is to a certain factor (e.g., fertilizer demand to the price
of fertilizer or the crop price). When they are available, past
elasticity estimates are compared to present estimates.

The second purpose of this study is to forecast the future mix
or organization of agricultural resources at the national level.

The exact values of future stimuli are unknown, but they can be
estimated. And by using several sets of values the sensitivity of

the future levels and mix of resource can be observed. From this



analysis future movements and changes in the resource structure
are predicted. Potential effects and (or) problems that may occur
under the projections are pointed out and discussed.

These results have several uses. The later analysis can be
used to estimate the impact upon resource use of increasing farm
income or rising total personal, disposable income in the U.S.

The impact of higher fuel prices can be traced through using the
results from the first part of this analysis. The effect of rising
wages for hired farm workers upon the level of farm employment and
upon the demand for farm machinery can be estimated. These are
just a few of many possible uses of this study's results. The
results can be used by farmers, policymakers, farm input-suppliers,
and product-processors.

The analysis of demand for resources is broken into three main
sections: machinery and building and land improvements, labor, and
operating inputs. Ffarm iabor is divided into its nired and family
portions for analysis. 1In addition to analyzing aggregate demand
for operating inputs, the separate categories of seed, fertilizer
and 1ime, pesticides. feed, fuel and o0il, and electricity are
analyzed. Analysis is done at the national level.

The results are reported after two chapters covering (1)
economic theory and models and (2) the statistical procedures and
considerations for this study. The three chapters for machinery

and building improvements, farm labor, and operating inputs are next;
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these lend themselves to separate analysis and so include an
introductory discussion of historical trends and summary of the
results. Projections of resource mix and organization are presented
in the seventh chapter. The last chapter summarizes the results

and implications.
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CHAPTER II. ECONOMIC THEORY AND MODELS OF RESOURCE STRUCTURE

Using economic theory, models of agricultural resource demand
and investment are described in this chapter. These models are
general in nature and used in following chapters as examples of the
theory followed to develop models specific to the resource being
analyzed. These models are taken from the investment 1iterature;
new investment theories are not postulated in this study.

The discussion consists of two parts. First, the variables
used in this analysis are presented and the reasons for including

them are given. Second, the models to be utilized are analyzed.

Variables for Resource Analysis
Within this section the variables used in the analysis of
farmers' expenditures for stocks of inputs or resources are pre-
sented. The reason or reasons for including each are discussed;

potential problems are pointed out.

Prices
Obviousiy, the prices of products and resources have an important
impact upon the use of resources. Under conditions of restricted or
unrestricted profit maximization, resource demand fluctuates inversely
to resource prices and directly with output prices. Substitute and
complementary resource prices affect the demand for a particular

resource; this effect is assumed to be positive for substitutes and
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negative for compiements.

Theoretically, the input/output price ratio and the input/input
price ratios seem to be better indicators of resource profitability
than the absolute price levels. Using a general profit function

n
T = ny(Xl, Xos =« «s Xn) -iilPiXi (2.1)
where P_y and Pi are the prices for the product and ith resource and
the function f is the production function, the first-order conditions
for profit maximization indicate that resources should be utilized
up to the level that equates marginal physical product and the

input/output price ratio

of P
aXi Py (2.2)
The input demand functions derived from quadratic production functions
have input/output price ratios. However; the input demand functions
derived from Cobb-Douglas production functions use absolute price
levels.

Most farmers perceive that what is important in decision making
is relative prices, not absolute prices. But the farmer works in
a world of uncertainty where all prices are not known with certainty.
The farmer plans production when resource prices are known and

product prices are not known but are perceived or expected to be

within a range. Weather adds to the uncertainty of not only product
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prices but also of the individual farmer's production level and
resource productivity. For these reasons, farmers may perceive a
greater portion of an input price change as permanent than a propor-
tional change in output price; thus, proportional price changes
resulting in constant price ratios may be accompanied by resource

use changes. This Tine of reasoning argues for inclusion of absolute

price levels in resource demand functions.

Interest rates

When capital is restricted for a firm, the rate of return on that
capital becomes a decision variable for the firm. To cover the cc:t
of borrowing money, an investment or purchase must return the interest
charges incurred. Normally, firms will borrow up to the level that
the rate of return equals the interest rate on borrowed funds. While
individual farmers use their local markets, the Federal Reserve
discount rate is used in this analysis as an indicator of overall
shifts in borrowing costs. Local variables for interest charges
are too numerous to be realistically included in the models. For
resources such as farm real estate and buildings, the Federal Land

Bank's interest rate on new loans is used.

Net farm income

Net farm income or profit is used to indicate both returns to
durable resources and expectations of future financial capabilities.

Net farm income calculated as gross income less production expenses
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adjusted for inventories and government payments is seen as return
to durable resources and operator labor. Historically, farmers
have imputed little return to their own labor, so net farm income
is used mostly to determine profitability of durable assets. It is
used also to estimate future profitability (i.e., the return to
future durable assets) and thus the amount of durable assets pur-
chased in the current period.

At times, net farm income, as an indicator of future debt
payment capacity, overshadows the input/output price ratio in
importance. If debt payment capacity is low, new machinery may not
be purchased even if the machinery/crop price ratio is low. Con-
versely, if net farm income is high, machinery may be purchased
even .if the machinery/crop price ratio is high. This latter case
may occur if a farmer wishes to take advantage of certain tax laws

to maximize after-tax income by deducting interest payments in-

curred from land and (or) machinery loans.

External sources of credit may also look at the ability to
repay in addition to the profitability of an investment. To a
creditor, net farm income may serve as a surrogate measure of
management ability and thus, as a measure of the "riskiness" of
the loan recipient. The greater the historical net farm income,
the more inclined a creditor will be to loan money to a farmer;
or, the less profitable a venture is, the greater the historical

net farm income must be for a creditor to 1oan money.
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There is also a psychological or social pressure that may enter
into the demand for machinery, land, and other resources. The desire
to have a larger farm, to drive a newer, bigger machine, to have the
highest yields, etc., lead a farmer to utilize resources beyond the
profit maximizing level. The ability to buy or rent these resources,
rather than their profitability, becomes the decision variable.

Income is determined by prices, weather, technology, and other
factors. Some of these can be specified individually in demand
functions. With aggregation and problems of intercorrelations the
effects of these variables are not always exhibited in the function
when entered together. By including net farm income and excluding
some of its determinants, some of the detailed information is lost
but the full impact of income is estimated. And most farmers would

include income in a shorter list of decision variables rather than

the complete 1ist of income determinants.

Equity
As with income, equity is often used as a measure of debt pay-
ment capacity and as an investment and demand decision variable in
addition to profitability. It overshadows profitability in many of
the same instances as income did and for many of the same reascns.
In addition, an older, established farmer with greater equity will
have an easier time in obtaining a loan than a younger farmer with
less equity even though both may have the same income flow. An

external creditor may also perceive greater equity as an indication
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of better management (i.e., income that was generated was not
"frittered away").

The ratio of proprietors' equity to total liabilities measures
what equity itself does and also measures the firms' ability to
withstand financial hard times. The amount of financial risk of
an investment is greater with a low ratio than with a high ratio.
The farmer with a high equity-to-liability ratio will have internal
and external sources of funds to finance investment and input
purchases that a farmer with a Tow ratio will not. The equity ratio
can also serve as a proxy for past income in that debts are paid
off during periods of favorable income before consumption and invest-

ment adjusts to the change in income.

Nonfarm/farm income ratio

Nonfarm income-or the ratio of nonfarm to farm income is a
measure of the opportunity cost or gain between the two sectors.
If nonfarm income 1is high relative to farm income, there tends to
be « net movement of workers out of farming to nonfarming occupations.
Due to nonmonetary returns to farmers for "being ciose to the earth"
and "the good 1ife", nonfarm income is usually greater than farm
income, but when the spread or ratic widens, there is a movement
of workers. This income ratio is also a factor in the number of

farms and capital investment as it affects the movement of workers.
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Unemployment

At times workers may not be able to move from farm to nonfarm
occupations even though the income differential is great; the rate
of unemployment may be such that there are essentially no jobs to
move to. By combining the nonfarm/farm income ratio and the national

unemployment rate, this interaction is estimated.

Farm output and productivity

The demand for operating inputs such as fertilizer and fuels
and oils may move with output depending upon how large the stochastic
elements in output and productivity are. Output can also serve as
a proxy variable for demand. Past increases in productivity would
indicate a need to increase the level of resource use so that the
value of marginal product is equated to the resource price (assuming

diminishing returns to larger levels).

Average acreage per farm

Investment in buildings and machinery decreases on a per
acre basis as farm size grows according tc Hoffmann and Heady
(1962). As farmers rent or buy additional land, the demand for
additional buildings and machinery for each farm does not increase
proportionately. If farmers have more machinery capacity than
they presently require and take on more land, operator labor demand
may increase but machinery demands may not. If machinery demand

does not increase mehinery storage demand probably will not either.
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Lagged stocks and expenditures

The tendency to "do this year what we did last year" is great
in the midst of uncertainty - especially if a profit was made in
past years or there is not enough knowledge to change. By including
past stock and expenditure levels this idea is captured. This
variable alorie is the naive model. Other variables are included in

the models to capture the factors causing deviations from the trend.

Government income support programs

Greater stability of product prices can influence farmers'
investments and expenditures by reducing uncertainty. The greater
the chance for profit, the more likely a purchase will be made
and (or) resources will be utilized at a higher level. A dummy

variable is used to simulate the impact of government programs.

Time

Many other variables are lumped together by time. Lagged effects
longer than inciuded explicitly in a model are captured by time.
Quality improvements, increases in productivity, and higher levels
of knowledge are captured by time. Gradual institutional and social
changes are incorporated into the time variable. A time variable
is included in most models to capture this "march of time".

These variables discussed above are assembled in the following
section into various models. These models attempt to explain, in

general, several forms that are used in later chapters.
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Models of Resource Demand and Investment

While all the decision variables discussed in the preceding
section cannot be incorporated into one model feasibly, several
models can be specified giving various factors importance in the
functions. In later chapters empirical results as well as a priori
considerations are used to select those models giving best results.
The foliowing models are general and exemplary in nature and developed
more specifically as individual inputs or output groups are analyzed.
Some of the models come from microeconomic theory of the firm,
others are from those first developed by Koyck (1954) and Nerlove
(1958), several are used by Heady and Tweeten (1963), and other

sources are noted.

Model A

The first model is derived from the economic theory of the firm
as presented in the preceding sections. The amount demanded of
fertilizer, for example, is dependent upon the prices of fertilizer,
its substitutes (e.g., land and labor), and the final product price,
ceteris paribus. Model A specifies the amount of fertilizer demanded

in period t, th, as a function of input/output price ratios:
Qey = ay + al(Pf/PR)t + a2(PF/PR)t (2.3)

where (Pf/PR)t and (PF/PR)t are the ratios of fertilizer and farmland
prices, respectively, to final product price in period t and ags ajs

and a, are function parameters.
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Other substitutes can be included in a specification such as
Model A; the model is not limited to just one substitute. Also, it
may be desirable to add complements to the model specification. For
example, the price of a more expensive, fertilizer-responsive crop
variety may significantly affect fertilizer demand as it fluctuates

relative to product price.

Model B
An alternative specification of “odel A yields Model B. The
basic elements are not changed but the arrangement is changed. Model

B is specified as:
th =alp+a 1(Pf/PR)t +a 2(Pf/PF) (2.4)

Fertilizer demand is considered a function of its own price relative
to product price and its substitute's price. Model B brings the
interplay between input and substitute in directly with the inclusion
of the input-substitute price ratio. The inclusion of complements and

substitutes is desirable and appropriate for Model B as for Model A.

Model C

Relative prices or price ratios are not appropriate when the
permanent portion of one price is perceived to be larger than the
permanent portion of another price. Thus, a proportionately equal
price change resulting in a constant price ratio may be perceived

as a changing price ratio. To capture this effect, Model C is
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formulated as:
Qe = B * DoPre * DoPre * Py (2.5)

Model C may be useful in the analysis of machinery demand. Given
the history of crop price fluctuations and the relative stability of
machinery prices, farmers will perceive a larger portion of a change
in machinery prices as being permanent than a change in crop prices.
Thus, the response to machinery price changes will be greater than
to crop price cnanges. Model C can capture this difference in re-

sponse but Models A and B are locked into ratio analysis.

Model D

The naive model, Model D, is important in investment analysis
for expectations and as a benchmark in model performance comparison.
Model D is specified here with expected net farm income in period t,
Y*i, as a function of past incomes, where Yer g is the net farm

income in period t-i:
Y*c, =@+ bYpp g + by¥pe o+ 0 . (2.6)

The linear form is used but the estimated parameters are not forced
to be declining or increasing over time. Also, no assumptions are
made of the magnitudes of the parameters nor the number of lags.
However, statistical limitations such as the need for degrees of

freedom and insignificant and (or) unstable parameter estimates do
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1imit the number of lags that may be used appropriately.

Model E

A more restrictive version of Model D can be used to estimate

expectations of variables to be used in other equations.

A priori

assumptions may place restrictions on the value and distribution of

the b's in (2.6). Recent years may influence expectations the
greatest with the influence of later years declining at a linear

rate. Model E is formulated using these conditions.

income as an example over n years, Model E is:

nV + fn_"l)Y ‘
LR Ft_l \isT 1 Ft_z Ft-n
Yy =a+h n
X (n-i)
i=0
When n = 3,
ey g+ gy, + Y
t-1 Ft-2 F+a
5% _ L= 3
Vpg=ath 3

With net farm

(2.7)

(2.8)

The value of n can be varied to find its value which minimizes the

mean square error. Alternative specifications can be made to change

the declining impact and (or) the linear assumption.

Model F

Assuming no increasing or decreasing impact of past income, the

simple average of n incomes can be used. In Model F the past n

incomes have an equal impact on the expected income in period t:
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Yeg1 * Ype-2 ¥ - - - + Ypig

* =
Y Fr =@ +b - (2.9)
When n = 3,
Y + Y +Y
Ft-1 Ft-2 Ft-3
* =
Y pp-at b 3 (2.10)

The declining impact of incomes as in Model E is appealing but a
situation may exist where equal impacts as in Model F are more accurate.
In farming, where risk and uncertainty play a larger role than many
other industries, a sudden change in net income may be looked upon
as a one-time occurrence and not as a beginning of a trend. Hence,
Model F which responds slower to income changes may explain changes
in investment and demand better than Model E. The choice between

the two models is necessarily an empirical one.

Model G |
Several variables discussed previously can be included in the
same model. Model G considers the deﬁand quantity or stock of farm
machinery a function of expected income; the ratio of machinery
price to prices received by farmers, PM/PR; time, T; and a residual

error, u:

Que = a + bY*p, + C(PM/PR)t +dT + u (2.11)

t

Equation (2.6), Model D, is substituted into (2.11) to form
Model G. Thus, the advantage of Model G is that of Model D; the
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coefficients on past net incomes are not restricted in sign or
magnitude. But, the disadvantage is the same; the length of the
lag is unknown without empirical experimentation.

By empirical evidence the lag in incomes may be limited to three
periods (i.e., Ypy 1 to Ypi-3). This does not say that Yp; 4 and
earlier do not exhibit influence on machinery purchases, but due to
statistical considerations of degrees of freedom or coefficient
instability, the earlier incomes are excluded. If this is the case,
the problem of autocorrelation in the error terms arises. The
unexplained influence of excluded income terms is included in the
error term, u, causing u to be positively autocorrelated and not
randomly distributed as required for ordinary least squares coeffi-
cient estimates to be efficient.

To overcome the degrees of freedom problem, restrictions can be
placed on the coefficients of lagged incomes. This would allow an
aggregation of income terms. Models E and F are examples of the type
of restrictions that may be placed upon the coefficients. Auto-
correlation in the error term may be present with this restriction

and would need to be corrected.

Model H
In the first section of this chapter the similarities between
equity and net farm income and their impacts upon investments were

discussed. Model H substitutes E for Y*F in (2.11):
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QMt =a+ bEt + C(PM/P +dT + u (2.12)

R)t t

The chief advantage of Model H is the need of only one variable,
E, to be included as an indicator of past incomes. But some infor-
mation is lost concerning the bi values in (2.6). Also, there
is some doubt on the reliability of E as an indicator of past net
income when varying portions of those incomes are used for family
consumption. However, the equity ratio is used often by farmers
and credit institutions as an indicator of the current financial
position and thus, loan repayment capacity. It is an indicator of

its own worth.

Model I
Another expectation model is developed using the expected change
in income for the current year as proportional to the error made in

estimating income last year:

Vg = Y¥Ft-1 = e(Vpeay - Y¥eog) (2.13)

where e is the expectation coefficient and usually is assumed to lie
between zero and positive one. This relationship, (2.13), and (2.11)
are used by Nerlove (1958) to formulate an investment model. Equation

(2.11) is solved for Y*_, and Y*Ft-l which are substituted into {2.13).

Ft
Model I is formulated by solving for QMt:

(2.14)

+ deT + (1 - e)QMt_1 *oug - (1 - e)ut_1
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Autocorrelation will most 1ikely be present in (2.14) and must be
accounted for in the estimation process.

Two estimates of the expectation coefficient are available, so
the lagged price variable is omitted at times and Model I is approxi-
mated. The assumption that e lies between zero and one implies
that the impact of earlier prices decreases but never reaches zero.
The coefficients of (2.11) can be estimated from the estimates in

(2.14).

Model J

Several of the previous models have assumed Tarmers make deci-
sions based on expected income. Model J is an adjustment model.
Adjustment models assume that farmers are fairly certain of decision
variable values but adjust slowly to changes due to psychological,
institutional, technological, and other reasons. For most resources,
adjustment to changes is quite rapid at first but then slows with
adjustments becoming quite small as the equilibrium level 1is reached.
This follows in that investment decisions are based on operating
environment changes but not all planned investment is done in the
current period; this is used in neoclassical investment theory.

For Model J, we differ from neoclassical theory some and let the
actual adjustmenis in purchases in the current year be a constant,
g, rather than a changing proportion, of the difterence between the
desired or equilibrium level of purchases in the current year and

the actual purchases during the past year:
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Uit = Q-1 = 9 (P - Qyeoy) (2.15)

Nerlove (1958) uses this relationship to develop a demand model.

The equilibrium level of demand is defined as:
Q*Mt =a+ bYFt-l + C(PM/PR)t + dT + u, (2.16)

Substituting (2.16) into (2.15) and solving for QMt’ Model J is

formulated:
Que = ag + bg¥p, . + cg(PM/PR)t + dgT +
(1- g)QMt-l + gut (2.17)

The adjustment coefficient, g, is calculated from the coefficient
for the lagged quantity. The price and income coefficients are short-
run as estimated in (2.17) and are changed to the long-run coeffi-
cients in (2.16) by dividing by the adjustment coefficient, g.

Model J, an adjustment model, is similar to Model I, an expecta-
tion model, but the error structure is less complicated in Model J.

If expectations and adjustments are both essential in the investment
equation, expectations of Ygpi_q can be obtained as in (2.6), (2.7),
or (2.9) and inserted into Model J. Model J can be used for either

i Anls Tava se t1onfmm dlha momiammeedede cemiad ol
investment level or stock level by using the appropriate variab
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Model K

Adjustments to a stock level can be described in a way similar
to (2.15). The actual adjustment in machinery inventories in the
current year is some proportion, g, of the desired or equilibrium

change in inventories or stocks:

S Spi =

me = 9(S%ygey = S

(2.18)

Mt+1 ~ Mt)

where SMt is the machinery stock on January 1 of year t and S*Mt+1

is the desired or long-run equilibrium stock of machinery con January

12°

1 of year t+l. Depreciation is assumed to

e a constant proportion,
h, of beginning year stock; thus, ending year stock equals current

investment plus undepreciated beginning year stock:
Swes1 = Qut + (1 - P)Sy (2.19)

By rewriting (2.19) we obtain the expression for current machinery

investment:

Ot = (Swesr = Swe) * PSwe (2.20)
Mirroring (2.16), the desired level of stocks is:

S*mpsr = @ F BYpy g+ c(Py/PR), + dT + u (2.21)

t

By substituting (2.21) into (2.18) and the resulting expression into

(2.20), the investment model K is formed:
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Quy = ag + bg¥p, , + cg(Py/Pp), + dgT
t (h-g)Syy + guy _ (2.22)

The disadvantage of Model K is that the long-run coefficients
of (2.21) cannot be determined from the estimates of (2.22) without
exogenous data because the separate values of h and g are not known.
There are two alternatives to allow estimation of these long-run
coefficients. The estimate of g, the adjustment coefficient, in
(2.17) may be used in (2.22) even thcugh the two adjustment co-
efficients may not be directly comparable. An alternative is to
have an estimate of the machinery depreciation rate, h, from another
source and to calculate g in (2.22) from the lagged stock coefficient.

Model K does have the advantage of using machinery stock as a
variable to explain annual investment in machinery. Annual invest-
ment is much more volatile than and is dependent upon machinery

stock.

Model L

To include risk in the investment analyses, the procedures
developed by Just (1974) are adapted slightly. For investment
analysis the variance of the return to investment may be larger

and, thus, more important in farmers' decisions than the variance

- -
e S e =

in investment price. Using net farm income as a proxy for invest-

ment return, risk is measured as the variance between expected
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and actual net income:

Y (2.23)

- Y% )2
Ft-k-1 Ft-k-1

v.=9 £ (1-pk (v
k=0
where Vt is a weighted aggregate of past observations on risk, YFt

and Y*., are actual and expected net farm income in year t, respec-

Ft
tively, and @ is a scalar parameter. The measure of expected income
is done in a manner such as (2.6), (2.7), and (2.9); the resulting
variance may be calculated by these methods also.

This measure of income variance incorporates several items.
The unexpected price changes and thus changes in actual income
are captured. The changes in total production and productivity
due to weather are also captured. External forces such as the ex-
port market and their impacts on changing actual incomes are also
included. These variables are not included in the analysis ex-

plicitly but are included with this risk measure implicitly.

Rewriting (2.16) to include a risk measure results in:
Q*Mt =a + bYFt-l + c(PM/PR)t +dT + th_l + ut (2.24)

where e is the long-run coefficient on income variance. By in-

cluding V . in (2.24) and developing models analogous to (2.17),

t-
(2.22), and others, the short-run and long-run impacts of risk can
be estimated.

Earlier in this section, the prices of inputs and products

were shown to determine the profit-maximizing levels of input
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usage. Deviations from these optimal levels are caused by other
factors. High income may cause investment to be greater than the
optimal levels; low income may cause investment to be lower than
the optimal level. The measure of risk in the income variation
term developed here estimates another force that may cause farmers
to invest in or utilize inputs below the optimal level.

These models just developed exemplify the specific models that
will be used in later chapters in national resource demand analysis.
Some models are input specific and others can be adapted to several
inputs. They include expectation and adjustment models which can
be used as single-equation models and models within a system.
Following chapters will use this background and the statistical
procedures in the next chapter to analyze specific investment
models. Actual models used may use these models directly or may

estimate these models.
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CHAPTER III. STATISTICAL PROCEDURES AND CONSIDERATIONS

Econometric analysis rests not only on the correct specification
of the economic model tut also on the selection of the appropriate
statistical procedures. The appropriateness of statistical procedures
is measured by the goals of the analysis and by problems and conditions
encountered in the analysis. These procedures are discussed in this
chapter. Short sections on data reliability, confidence levels in
estimation results, and forecasting are inciuded at the end of the
chapter.

Although the demand for machinery is not expected to be indepen-
dent of the demand for labor, for example, the independence of models
is assumed in the first part of this chapter to ease the discussion
of procedures and potential problems. Later the more appropriate

procedure of system analysis is presented.

Single Equation Estimation
A typical econometric method of quantifying the relationship
between a dependent variable, Y, and explanatory variables, Xl, X2,
. e Xk’ is to assume a relationship that is linear in the

coefficients:
Yo = Bo* Brkpe tBRor - - - MBI U

or in matrix form:



33

y=XR+u (3.1)

where the Bi's are the parameters of the model, ut is the error term
associated with Y;» and the subscript t denotes the tth observation
in T observations.

The model in (3.1) is written with the following assumptions.
(1) The relationship between Y and the Xi's is Tinear and correctly
specified. That is. it includes all relevant independent variahles
but contairs no irrelevant variables. (2) The Xi's are nonstochastic
variabies whose values are fixed. That is, the researcher knows the
values of the Xi's with no measurement error and finds these values
in repeated samplings. Thus, the only source of variation in the
model is Y. (3) The error terms have expected values of zero,

constant variance for all observations, and expected covariances of

zero between observations. This can be written in matrix form as:

E{u)

]
o

(3.2)
and

E(uu')-= oZIn (3.3)

where I is an (nxn) identity matrix and o? is the population error
variance. (4) The number of observations is greater than the number
of parameters to be estimated and no independent variable is a

linear combination of other independent variables. In matrix nota-
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tion this requires X'X to be of rank k which allows the inverse of

X'X to exist.

Ordinary least squares (OLS) estimation

The basic estimation procedure for the model just described and
which Pindyck and Rubinfeld (1976) refer to as the classical linear
regression model is ordinary least squares. This procedure minimizes
the sum of squared residuals of the estimated model. Using matrix
notation, the OLS estimate of B which minimizes e'e, the sum of

squared residuals, is
= (x)"Ixy (3.4)
where y = XB + e and e is a vector of n residuals. Since X remains
fixed it can be shown that § is unbiased:
E(B) =8
The variance of é is given by

Var (8) = o?(x'x)-1

2

where ¢© is the variance of the disturbance term, u, in (3.1) as

stated in (3.3). The expected value of the sum of squared residuals

is:

E(e'e) = (T - k)o@
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Thus, the unbiased estimator of 02 is:

52 =_e_._e_::yly- glxly

T-k T-K
Ordinary least squares estimates are consistent and unbiased
if the assumptions of the classical 1inear model hold. The next few
parts explain and point out problems and corrective procedures when

these assumptions are not valid.

Model specification error

Excluding relevant variables or including irrelevant variables
in X may have undesirable impacts upon parameter estimation. For
example, say the true model is (3.1) but the estimated model is

specified as:

y = Xlsl + uy (3.5)
where

X = (X1 s XZ)
and

B = (31 > 132)

Relevant variables, X2, have been excluded. This results in biased

estimates of 61:

2.) = 'y )=y
E(By) = Bp + (X(X))7°X X8,
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It can be shown that §1 is inconsistent as well. Estimates and
projections using §1 would be in error; the magnitude of the error
would depend upon the degree of correlation between X1 and X2 and
the importance of the variables in X2. The variation in y explained
by X2 would be absorbed by e in the estimation of Bys this would
result in an upward bias in s2 and wider confidence intervals for
each specific confidence level.

Again, suppose the true model is (3.1) and the estimated model

is specified as
Y= X8y Ty
which is the same as (3.5) except that

X, = (X, X2)

Irrelevant variables have been included along with all relevant
variables. For this misspecification Intriligator (1978, p. 188-189)
shows that the estimates of B8 for the true model are unbiased and
consistent. The variance of B is unbiased also. However, due to
the loss of degrees of freedom by including irrelevant variables,

the sample variances of the estimated coefficients will tend to

increase affecting tests of significance and confidence intervals.

Other statistical problems

Other assumptions of the classical linear model may not be valid

in certain instances. Stochastic independent variables and variables
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measured with error cause probiems because variation within the model
is no longer associated with the dependent variable solely; instru-
mental variables or two-stage least-squares procedures may be used
to overcome these problems. Autocorrelation of the error terms
causes 0OLS estimates to be inefficient; this can be removed by
using generalized least-squares or autoregressive least-squares, or
by estimating the correlation coefficient(s), transforming the
original data, and re-estimating the model. Highly correlated
independent variables may cause their true separate impacts on the
dependent variable to be lost.

This is not an exhaustive 1list of problems or procedures.
The problems mentioned are ones expected in this analysis. The
theory of and methods for these procedures are dealt with in many
econometric books and so is not dealt with explicitly here. Johnston
(1972), Intriligator (1978), and Pindyck and Rubinfeld (1976) are
offered as examples of good, intermediate-level reference books.

Up to now we have been assuming independence of equations. But
as in the machinery-labor examplie mentioned at the beginning of
this chapter, independence may not always be a correct assumption.
In the next section the method utilized for estimation of one equation

within a system is presented.

Simultaneous Equations Estimation
Assuming that a relationship is independent of other relation-

ships, when in fact there does exist an interdependency, results in
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biased and inconsistent estimates. In the analysis of agricultural
resource structure interdependencies are evident; thus, estimation
techniques appropriate to this condition must be selected.

Once the need for a systems approach has been shown, there is
sti1l a choice between procedures. Intriligator (1978) and Johnston
(1972) discuss several Monte Carlo studies of small samples and
conclude from them that two-stage least-squares (2SLS) shows the
best characteristics in terms of both bias and mean square error but
is quite sensitive to high degrees of correlation among the inde-
pendent variables. These conclusions are based on the testing condi-
tions of manufactured data. As Intriligator (1978, p. 419) points
out, in actual econometric studies the data are often inaccurate to
such a degree and (or) the correct specification of the model is
so uncertain that the relatively small differences between estimators
tend to disappear.

Fuller's (1977b) modified Timited information maximum 1ikelihood
estimator (MLIML) is not among the estimators compared by Intriligator
(1978) and Johnston (1972). Fuller shows the MLIML estimator to
have equal or lower mean square error than the fixed k-class
estimator using an arbitrarily set bias for both; this result is
for the asymptotic case. Fuller's modification also allows the
researcher to choose between selecting estimates which are nearly
unbiased or estimated which minimize the mean square error; this

is true in the asymptotic case and not necessarily true for small
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samples.

When selecting the statistical procedure appropriate to this
study, several factors were considered. While the limited informa-
tion maximum 1ikelihood estimator is sensitive to model misspecifi-
cation in the Monte Carlo studies, it is not as sensitive as 2SLS to
correlations between independent variables. The MLIML estimator is
shown to dominate other k-class estimators with equal or Tower mean
square error (with the same, arbitrary bias) in the asymptotic
case. For these reasons and Intriligator's comments on data in-
accuracies and model specification uncertainties, the MLIML is
chosen for use in this analysis.

The following subsection covers the estimation procedures of
the MLIML estimator. Following that is a subsection describing a

method for correcting for autocorrelation within a system.

Modified Timited information maximum 1ikelihood (MLIML) estimation

The MLIML estimator possesses finite moments and one member
of the class has bias of order T-2 where T is the number of ob-
servations. The estimator is a member of the k-class estimators
as described by Theil (1971).

The following outline of the estimation procedure for MLIML
estimation follows Fuller (1977a, p. 54-56; 1977b).

The equation of interest is

y=v8+ Xl'Y +u (3.6)
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where y is an array with Txi dimensions; Yl’ Txg; B, 9x1; Xl’ Txks
Y, kx1; and u, Txl. The system contains an additional K-k exogenous
and(or) lagged endogenous variables. The matrix of all predetermined

variables is
X = (X1 s X2)

where X, is dimensioned Tx(K-k). For equation (3.6) to be identified
K-k > g.
The MLIML estimator is given by

2 [ ] 1 -1 1
[ B\ [Y1¥1 - Py YiXg Y1y - Plpy

) = 1§ (3.7)
\ ¥ 1'1 XiXq Xiy

where

I is the smallest root of

W - 14 =0,
W= Y'Y - vxxx)~xy
(M1 M2
Wpy Hpo /) s
Y = (.Y Yl)

W* = Y'Yy - Y'xl(xix13'1xiv.
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The estimator of the covariance matrix of the MLIML estimator is

A-1s2
u
where ™! is from (3.7),
2_ 1 =~
Su " Tgx 4%
and

U=.Y'Y1'B\-X1’Y\-

The modification comes in the inclusion of the o term; the un-
modified estimator uses a = 0. Fuller (1977b) shows that by setting
o = 1 nearly unbiased estimates can be obtained. When the objective
is to test hypotheses or set approximate confidence intervals for
the parameters o would be set to 1. By setting o = 4 Fuller shows
this would minimize the mean square error of the estimators due to
the effect of o upon the expression for mean square error. This
latter option is appropriate when predictions are desired as in this
analysis. These characteristics of o hold in the asymptotic case.

These procedures outlined account for several problems of not
meeting the assumptions of the classicai linear model. But if the
errors in (3.6) are correlated with each other, the MLIML estimates
are inefficient. The procedure outlined next overcomes this

problem of autocorrelation.
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Correcting for autocorrelation in one equation within a system

Autocorrelation (or serial correlation) is a violation of the
assumption for the classical linear model that the disturbance terms
are uncorrelated with each other. When autocorrelation is present
least squares estimates are still unbiased and consistent but do
not have minimum variance. There also will be a bias in the error
variance estimate causing the tests of significance to be invaiid.

Autocorrelation may occur for several reasons. Time series data
as used here are susceptible due to slowly changing variables excluded
from the model but having an impact upon the dependent variable.
Agaregation of data as done for the data used in this analysis may
cause autocorrelation. Misspecification can cause autocorrelation
as well, especially excluding relevant variables.

Estimating an equation within a system will not correct auto-
correlation implicitiy. The procedure given here as developed by
Fuller (1978) utilizes a one step Gauss-Newton procedure for esti-
mating an equation within a system when the errors are assumed to
satisfy a first-order autoregressive process.

Following Fuller's (1978) notation, the equation to be estimated

is written as
¥y = YZB + lel + Y3’_1 Y3 * U (3.8)

where we assume
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Ugp = PUq,1 T &t

o <

€t ~ NID(O, 02)

and that €4 is independent of the lagged values of all endogenous
variables in the “system. The vector i contains the endogenous
variable to be explained. The matrix Y2 contains the endogenous

variables other than Y1 in the equation. X; and Y are the pre-

3, -1
determined variables in the equation; Xl being a ma;rix of exogenous
variables and Ye, -1 being a matrix of lagged endogenous variabies.
Other predetermined variables are assumed i1v be in the system but not
the specific equation and of sufficient number to identify (3.8).

X, is the matrix of exogenous variables in the system but not (3.8);

Y4 is the matrix of lagged endogenous variables in the system but

With other assumptions of the behavior and makeup of the data,
Fuller outlines a five-step procedure for estimating (3.8). These
are condensed to three steps: |

1. Obtain preliminary estimates of B, y;, and y3 from (3.8)
using only exogenous and lagged exogenous variables to obtain estimates

of ?2 and ¥ . This step may use the modified 1imited information

3, -1
maximum 1ikelihood estimator or two stage least squares.

2. Estimate Py by
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n

T Upqls
I s
1 n

z “%-1 1
t=2 ?

where Upy is estimated using §. ?1, and §3 from the first step and the
original data (not ?2 and ?3’_1). This estimate of 0 is used to

transform the original data in the usual manner:

Vi-0° vy 5=

( Yit - 0¥y, t-1 o ¢t

[

Wit T

2,3, . .., T

The transformed matrices for ZTRSTRITAPY Y3, 1> and Y4’ _j are
denoted by Wys Hl’ H2, wz, w3 -1’ and w4, -1° respectively.

3. Using the transformed data and the Taylor series approxima-
tion for the Gauss-Newton procedure, equation (3.8) is rewritten

as

A

Wy = WpB + Hyjyp + Wy _gv3 +up 480y + € + Remainder (3.9)

s

where Gl, -1 is a vector with Gt_l’ 1 as the tth element for t = 2, 3,
. ., T and 80’ i " 0. The parameters of equation (3.9) are then
estimated by any of the single equation methods; presumably the same
method as used in step 1. In this step the predetermined variables
may now include Hy, H,, w3’ -1° w4, -1> and Gl, -1
Fuller points out that since the remainder in equation (3.9) is

a function ¢f the error on 8, T1s ana Y3s tne estimates of (3.9) are
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consistent. If the estimated Apq in {(3.9) is too large relative to
;1 from step 2 the procedure may be iterated. This method will be
quite efficient if all equations in the system have similar auto-
correlation structure.

The procedures discussed in this chapter include those appro-
priate to this analysis. A few additional comments on some other

statistical considerations are needed.

Data Reliability and Confidence Levels

Intriligator's (1978) observation noted earlier that in actual
analysis the error in the observations makes the differences between
estimators relatively small holds true for this study. The methods
of collection and analysis of the data used in this study are presented
in several volumes of a U.S. Department of Agriculture handbook
(1969a, 1969b, 1970, 1971a, 1971b). In general, the data are described
as having some error but being fairly accurate (i.e., they are in a
small ballpark).

The indices of prices received and paid by farmers depend in
part upon questionnaires mailed to samples of farmers and others
closely connected to agriculture. Error occurs due to the sampling
process, misconceptions and(or) misinformation on the part of
respondents, and misinterpretation of the questions. While statis-
tical tests show some difference between prices from the mail survey
and those gathered by direct contact, the U.S. Department of Agri-

culture (1970, p. 10) says that the differences are not large enough
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to doubt the validity of mail survey data. However, that does not
mean that the data is without error. Nonresponse may introduce a
bias; and response errors due to suppiying the wrong information in
the form of entries priced in the wrong quantity unit and 1ist prices
reported instead of actual prices. The U.S. Department of Agriculture
has editing and guides to reduce some of the error from these sources.

Gross farm income is the most accurate of the income measures;
it is calculated largely from cash marketing receipts. Preoduction
expenses are derived from Census of Agriculture "benchmarks" and
survey data for years in between but the surveys are not as complete
in coverage as the census is. Net farm income is calculated as the
residual of gross farm income after production expenses are accounted
for and so captures the error from both measures. Preliminary
estimates have the greatest error, but as further data is obtained
and estimates are updated, error decreases (U.S. Department of
Agriculture, 1969b).

"The Balance Sheet of the Farming Sector" (e.g., Evans and Simunek,
1978) includes farm assets and debts of both farm operators and non-
farm landlords. Thus, the U.S. Department of Agriculture (1971b)
says it is not a balance sheet of any specific group or industry. For
the purposes of this study this aggregation does not affect the results
since the ratio of assets to debt for agriculture in total is
desired. Error is introduced because unreported assets (e.g.,

checking account balances) and debts (e.g., accounts at Tocal
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stores) are estimated with 1ittle supporting data. The exclusion of
nonfarm net worth of farm operators introduces error to the degree
with which this net worth affects operators' decisions.

Besides reporting errors the estimates of farm employment in-
clude only those employed by the farm operator. Bias enters when the
amount of custom services increases and labor is included in custom
charges but not in the employment count. The estimated level includes
both full- and part-time workers and duplication does occur due to
workers working on two or more farms.

Many of these statistical series are not valid as measures of
absolute levels of the specific categories. However, the series can
be usad for estimates of annual changes and indicative of trends.
This condition does not hamper the analysis of this study except that
any projections and forecasts must be viewed as indicative and not
absolute.

Since there is no measure of the errors associated with these
statistics, there can be no statistical impact calculated. That
is, with no estimated variance between actual and estimated levels
of the data, there can be no estimated impact of this error upon
structural elements and forecasts. However, we do know that the
error exists and so we expect the results to be affected to some
degree and we make our conclusions with this potential error in

mind.
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Forecasting

Econometric models are developed and estimated for one or both
of two reasons. The first is to estimate the structural coefficients
of the relationships within the model; the procedures for this reason
are described in the earlier sections of this chapter. The second
reason is to forecast or predict future levels of the endogenous
variables; the procedures for this reason are presented in this last
section.

To forecast endogenous variable levels, the structural equations
may be estimated first and the structural parameter estimates used
in prediction. Another method is to estimate the reduced form equa-
tions and obtain predictions from these estimates. Information
regarding the structural coefficients is not available if this latter
method is followed.

Let us consider the model of the complete system in which (3.1)
is incorporated. The structural model written in matrix form and

following Johnston's (1972) notation is

3yt + TX (3.10)

£ Yt

where B is a (GXG) matrix of coefficients of current endogenous
variables, I' is a (GXK) matrix of coefficients of predetermined
variables, and Yi» Xt’ and up are column vectors of G, K, and G

elements respectively. Assuming the B matrix is nonsingular, the

reduced form model is
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Yy = Xy + Ve (3.11)

where m is a (GXK) matrix of reduced form coefficients and Vi is a

column vector of G reduced form disturbances:

m = -gIr

Point forecasts from this system are obtained by substituting
estimates of future values of predetermined variables into the esti-

mated reduced form equation:
Ye = TXe (3.12)

where Xe denotes the vector of forecast values for the predetermined
variables, 7 is the matrix of estimated reduced form coefficients,
and §f is the column vector of forecast values of the endogenous
variables.

The matrix ; is estimated by two methods. If the model specifi-

cation is correct, estimating % from the structural coefficients,
7= -g"1f (3.13)

is preferable. However, if the model specification is incorrect,
estimating 7 from the reduced form equations directly may be more

desirable and is the procedure used in this analysis.
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In this chapter several statistical considerations are covered.
The problems encountered when the assumptions of the classical
linear model are not valid are discussed. The selection of the
method of simultaneous equation estimation is made and the procedure
presented. The reliability of the data and the subsequent impact
upon estimate confidence are covered. Finally, the procedures
for forecasting are presented.

In following chapters, these procedures are used to estimate
the structural coefficients of demand for and investment in agri-
cultural resources. Projections of the mix or structure of re-

sources in 1990 are made in Chapter VII.
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CHAPTER IV. DEMAND FOR MACHINERY AND
BUILDING AND LAND IMPROVEMENTS

Farm machinery and building and 1and improvements unlike
land itself are produced every year by the manufacturing and
construction sectors and sold to the farm sector of the U.S.
Demand for these inputs differs from demand for other agricultural
resources. Machinery and building and land improvements are not
used up in one production period as are operating inputs; they
are not hired for certain time periods or jobs as is labor. The
full ownership rights are purchased and the machinery and improve-
ments are expected to be used for several years. Thus, factors
from a longer period are expected to influence machinery and building
demand.

Farm machinery includes tractors, trucks, and automobiles for
farm use; planting, harvesting, and tillage equipment; and other
mechanical equipment used in the farm business. Building and land
improvements include new construction, additions, and major im-
provements of service buildings, other structures, fences, wind-
mills, wells, dams, pends, terraces, drainage ditches, tile lines,
other soil conservation facilities, and dwellings not occupied by
farm operators.

Although they are expected to be used for several years,

machinery and buildings and land improvements are not homogenous
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over time. New technologies and practices have changed the machines
and buildings demanded and supplied. Tractors have become larger.
Mechanical corn pickers largely have been replaced by self-propelied
combines. Mechanical harvestors have replaced human labor in
several crops. Grain bins have given way to farm grain handling
systems sometimes larger than local elevators of past years. Live-
stock confinement systems have changed the traditional set of farm
buildings. Larger operations and equipment have changed the water
demands on weils and the types of terraces built. Even government
intervention has altered machinery and building demand (e.g., waste
containment and treatment systems). This is why total expenditures
are analyzed in this study instead of individual types of machinery
and buildings.

Machinery and improvement expenditures have increased in real
terms since 1945 (Table 4.1). Expenditures for improvements have
increased at a Tairly steady rate whiie machinery expenditures
have not. Expenditures for improvements in 1977 are 161 percent
greater than the level in 1945. Machinery expenditures in 1977
are 30 percent greater than the level in 1945 but the 1977 level
is the Towest level of machinery expenditures since 1962 when it
was $3,687 million 1967 dollars. The expenditures in 1967 dollars
are calculated by dividing current dollar expenditures by the
appropriate price index in which the value for 1967 equals 1.0.

These changes in expenditures have occurred for many reasons;
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Table 4.1. Farmers' expenditures for all machinery and building

and land improvements, 1945-1977, selected years?

A1l farm All farm
Year machinery jmprovements®
(million 1967 dollars)
1945 2,993 754
1950 5,073 1,143
1955 3,938 980
1960 3,378 1,238
1965 4,493 1,430
197C 4,270 1,659
1975 4,412 1,811
1977 3,896 1,965

ACalculated from data in (U.S. Department of Agriculture,
Economics, Statistics, and Cooperative Service, 1978, p. 47)

bInc1udes farm share of all motor vehicles and non-motorized
farm machinery.

CIncludes service buildings, other structures, fences, wind-
mills, and land improvements but excludes operators' dwellings.
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price is one of them. Except for the early 1970's when crop prices
rose considerably, the price of machinery has risen relative to

all prices received by farmers (Figure 4.1). Since 1945 the machin-
ery price to prices received ratio has increased the most of those
in (Figure 4.1). The price of machinery relative to the farm wage
rate has fallen steadily since 1950 until the last few years. The
farm wage rate has increased also relative to all prices received.
The price of fuel and oil which had been quite steady for many
years now appears to be rising reiative to all prices received.

A1l the price ratios in Figure 4.1 are higher in 1977 than in 1945.

The price of building and fencing materials has risen fairly
steadily since 1945 relative to all prices received by farmers
(Figure 4.2). The per acre value of farmiand relative to all
prices received has increased the most of the price ratios in
(Figure 4.2). The relative farm wage rate has increased at a
fairiy constant rate. The price of fuel and oil has remained the
steadiest but has increased also. The high commodity prices of the
early 1970's overpowered any increases in resource prices.

Other variables affect machinery and building and land im-
provements demand besides prices. Net farm income and the variation
in net farm income give indications of potential returns and net
of investments. Farmers' equity ratio, acres per farm, total crop

acreage, and farm stocks of machinery and buildings may also
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affect demand for machinery and improvements.

For a better understanding of them, these relationships
between demand and explanatory variables are estimated and reported
in this chapter. The demand for machinery at the national level is
analyzed first, then the demand for buildings and land improvements
at the national level. Before the analysis is presented, the variables,
models, and systems of models used are discussed.

Models of Demand.
for Machinery and Building
and Land Improvements

Demand for machinery and demand for building and land improve-
ments are analyzed individuaily in this study. The method of
analysis of each is similar but some variables differ. In this
section the variables, models, and systems of models used in the
analysis are presented. The models explain national demand.

The separate demands for machinery and improvements are con-
sidered to be functions of their own prices and the prices of
compiements and substitutes, all relative to prices received;
farmers' equity to debt ratio; net farm income; the variation
between actual and expected net farm income; the stock of machinery
or buildings; the number and size of farms; the total crop acreage;
and other, slowly changing variables represented by a time vari-

able. The reasons for including these variables in the analysis
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are summarized here and in Chapter II.

Farmers' demand for machinery and improvements is expected
to respond inversely to changes in its own and complements prices
and directly to changes in substitutes' prices. Prices received
for farm products are expected to have positive effects upon labor
demand. The amount of response from a certain price change de-
pends upon the interrelationships between all resources. It is
these responses this anaiysis measures.

Increasing net farm income indicates greater potential re-
turn to agricultural resources and thus the demand for resources
increases. Variation in net farm income is expected to have a
negative effect upon demand; if the variation is great, farmers'
will have greater risk of low incomes and so decrease demand for
machinery and improvements. The equity ratio measures financial
soundness and the ability to assume debt which will allow demand
to increase with better equity ratios.

In preliminary analysis, the inclusion of a dummy variable
for government income support programs produced some curious re-
sults. From 1972 to 1974 there were no government programs in
effect. In this period net farm income and crop prices were gquite
high causing investments in durable resources and purchases of
other inputs to increase. Hence, the dummy variable's estimated
coefficient indicates a positive effect upon demand when govern-

ment programs are dropped. Since it appears to be measuring the
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large variances of the 1972-74 period rather than just the impact
of government programs, the dummy variable is not included in
the present analysis.

The stock of machinery or buildings indicates the present
level of investment and the need to replenish this stock due to
depreciation. Hoffmann and Heady (1962) found that machinery and
building investment per acre declined as farm size grew; similar
effects are expected as the number of farms change. Total crop
acreage is included to test if there is a fixed or semi-fixed
need per acre and not necessarily per farm.

These variables are used to delineate several demand models
and are not used together in one model necessarily. From the
genieral models discussed in Chapter II, a few models are presented
here as applicable to machinery and buildings and land improve-
ments. An adjustment model seems very reasonable to use since
farmers will adjust their demand for machinery or improvements
rather slowly in relation to prices, other variables, and stocks.

To simplify this discussion and to avoid duplication, let Q;
stand for QM, machinery expenditures, or QB’ building and land
improvements, and similarly, PI’ for the appropriate price. The
desired or optimal level of demand for machinery or improvements,
Q*1, is described as a function of their own prices and the farm

wage rate relative to prices received, PI/PR and PH/PR, respectively;




60

national net farm income; the variation in net farm income, and
slowly changing variables.

Q= a+ b(PI/PR)t + C(PH/PR)t

+ dY eV + fT + Ut (4.1)

AFt-1 ¥ &1

Model (4.1) may be used as it is with the actual expenditure levels
substituted for the desired Tevel.

Actual adjustment in machinery and improvements demand is
assumed to be a constant proportion of the difference between the
desired level in the current year and the actual purchases during

the past year:

Qe - Qpeep = 9@y - Qpey) (4.2)

To develop an adjustment model similar to Model J in Chapter II,

(4.1) is substituted into (4.2) and solved for QIt:
Qpy = ag + bg(Py/Pp), + cg(Py/Pp), +

dg¥ + eth_1 + fgt +

AFt-1

(1-9)0g,; + 99, (4.3)

Once (4.3) has been estimated, the long-run coefficients of (4.1)
can be calculated using the adjustment coefficient, g, estimated

from the coefficient on QIt—l' Long-run and short-run elasticities
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are estimable.

Adjustment models of this type assume a Koyck distributed
lag. The Koyck lag forces past variable values to have
geometrically declining importance. For annual data as used in
this study, this requirement is not too restrictive.

Alternative specifications of (4.1) can be made. The price

of fuel and oil can be substituted for the farm wage rate:
* =
Q - @ + b(PI/PR)t + C(PfO/PR)t +

d + fT + u (4.4)

Yape-1 ¥ &V t

or substituting the equity ratio for YAF:

QIt = a + b(PI/pR)t + c(PH/PR) +

dE, + eV, , * T +u, (4.5)

Adjustment models analogous to (4.3) for these desired-level
models can be derived easily. Other variables can be inserted to
form additional models of machinery and building and land improve-
ments demand. In each case, adjustment models can be formulated
and the long-term, as well as the short-term coefficients can be
estimated.

These models of demand for machinery and building and land

improvenents are not assumed to be independent of other resource
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markets. Thus, each model is estimated within a system of markets.

The system is adjusted as needed for each model. The basic system

for machinery demand is described in equations (4.6) through

(4.13).

Qe = PR PyfPRdes Ao Yapege Veepr )
(PM/PR)t = f((PH/PR)t’ (P /PR)t 1’ (Pfo R)t

P> To (Py/PR), o)

(PP, = F(Ques T (P/PR), 1)

Qe = FUP/PR)ys (Pr/PR) s A T)

(PfO/PR)t = f(Qfot’ T (pfO/PR)t-lJ
Qfot = f((PfO/PR)t, (PM/PR)t’ (PH/PR)t’ SMt’ vt‘l’ T)

LT A )

L] = \
A t f((PFL/Pth’ (PM/P ) t_l)

R7t-1

(PFL/PR)t = f((PM/PR)t’ (PH/PR)t’ Et’ T)

The basic system for the demand for building and land im-

provements is described in equations (4.14) through (4.24).
- \
Ut = T((Pe/Pp)ys (Pro/PR)ys (PR /PRl

Yart-1> Spt> T)

(4.6)

(4.7)

(4.8)

(4.9)

(4.10)

(4.11)

(4.12)

(4.13)

(4.14)
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(Pg/Pp)y = f(Qgt-1> Prst> (P Pple-y)

Qo = F{(Pr/PR)es (Py/PR)ys (Py/PR)s A'ps

Yart-10 V10 T Qg
(Pe/PR)y = F(Qgy_1» T)
Qet = F((Pe/PRIys Al Vppe 1> Vio1s T)
Ay = F(PpL/PR), gs (PL/PR), 15 T)
(Pe /Pp), = F((Py/PR)y> (Pu/Pp)ys Eys T)
(Py/Pp), = flQue> To (Py/PRle_y)

QHt = f((PH/PR)t3 (Pfo/PR)t’ A't, T)

(PM/pR)t = f[(PH/pR)t’ (PH/PR)t-l’ (PfO/PR)t’

Paes To (Py/Ppli 1)

(4.15)

(4.16)

(4.17)

(4.18)

(4.19)

(4.20)

(4.21)

(4.22)

(4.23)

(4.24)

The endogenous variables used in the above and later models

are listed and defined below.

AI

i

the national average number of acres per farm in the
U.S. on January 1 of the current year

the number of farms in the U.S. on January 1 of the
current year
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the index of the national average price of building
and fencing materials

the index of the national average price of electricity
on farms

the index of the average per acre value of ali U.S.
farmland

the index of the national average price of fuel and
0oil on farms

the index of the national average farm wage rate

= the index of the national average price of all farm

machinery

the index of the national average, aggregate price
received by farmers for all commodities

U.S. farmers' total expenditures for buildings, ex-
cluding operators' dwellings, and land improvements

U.S. farmers' total expenditures for electricity for
farm use

= U.S. farmers' total expenditures for fuel and oil for

farm use

the number of persons in the national hired farm labor
force

U.S. farmers' total expenditures for all farm machinery

The exogenous variables used in the above and later models

are listed here.

m
Lt}

P1s

the ratio of U.S. farmers' total equity to their total
outstanding debt for farming purposes

= the index of the national average price of metals and

metal products
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P = the index of the national average hourly wage rate of
N a1l nonfarm, industrial workers

S, = the stock of farm buildings excluding operators’' dwellings
on January 1 of the current year.

SM = the stock of farm machinery on farms on January 1 of
the current year

T = the time variable where T = 47.0 for 1947
TA = the total crop acreage in the U.S.

V = the three-year simple average of variation between
expected and actual national net farm income

Yae = ?he three-year simple average of national net farm
income

The subscript t denotes the current year; t-1 denotes the
past year. A more detailed description of these variables and
data sources is in Appendix A.

The variables, models, and systems presented in this section
are used to analyze the demand for machinery and building and
land improvements. The results of the analysis are presented in
the next section. |

Empirical Estimates of the National
Demand Functions for Farm Machinery
and Building and Land Improvements

Estimates of the parameters of the models described in the
previous section and other models are presented in this section.

These results allow us to test hypotheses of directional effects
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on demand of changes in explanatory variables. They also estimate
the quantitative reaction of demand to changes in prices and other
variables. With these estimates the changes in demand for machinery
and building and land improvements due to changes in explanatory
variables can be estimated.

The estimation procedures used are outlined in Chapter III.
Fuller's modified Timited information maximum 1iklihood estimator
(MLIML) is used with o = 1. Estimates are made with the data in
original and iogrithmic values. Data are from 1946 to 1377 and
1945 for lagged observations.

The results of the analysis of machinery demand are presented
first followed by the analysis of building and land improvements
demand. The structural coefficients and the elasticities are

presented and discussed simuitaneously.

Machinery demand

A1l farm machinery is grouped together for this analysis.
Trucks, tractors, and automobiles for farm use are included. Other
farm machinery and equipment such as combines, harvestors, planting
equipment, and others are counted except for minor types of equip-
ment counted as operating expenses. Separate analysis of these
individual categories would be useful and is being done in another

study. Analysis of aggregate machinery purchases, while it does
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lose some detail, is a good measure of overall changes. Many
machines are complements of each other so total purchases do
capture the changes in factors affecting machinery demand.

Farmers' demand for machinery is hypothesized to be a function
of its own price, the price of fuel and o0il, the farm wage rate,
all prices received by farmers, total U.S. crop acreage and average
acreage per farm, the ratio of farmers' equity to their outstanding
debt, nationai net farm income, the variation between expected and
actual net farm income, the stock of machinery on farms, and other,
slowly changing variables represented by a time variable. These
variables are incorporated into several models of machinery de-
mand. The empirical estimates of these models are presented in
this section. From these estimates, hypotheses can be tested
and the quantitative effects of changes in explanatory variable
can be estimated.

Several formulations of the machinery demand models are used
to achieve theoretically correct signs on the price ratios. Fuel
and oil, although expected to have a negative coefficient as a
complement to machinery is estimated to have a positive coefficient
in model (4.25) (Table 4.2); in model (4.26) fuel and o0il has the
expected sign but the machinery price and the wage rate do not.
These wrong signs and relatively high mean square errors create
an interest in other formulations.

When the current and lagged ratios of machinery price to all



Table 4.2. Estimates of structural coefficients of demand for
farm machinery?
b P P
2 52 M M
Model s R Intercept 55—
Pt PRt-1
4.25 429,707 .983 -36,747 -13,908
(14,645) (7,034)
4.26 568,279 .967 26,989 12,040
(17,351 (9,718)
4.27 295,421 .576 -2,897 -4,134
(3,189) (2,036)
4.28 477,569 .969 -6,979
(6,004)
4.29 433,660 .965 -7,100
(5,906)
4.30 290,560 .983 2,132
(3,425)
4.31 110,583 .990 -12,998 -5,114
(2,826) (1,079)
4.32 201,280 .982 -66,654 -5,950
(22,619) (2,368)
4.33 335,839 .968 -74,572
c (37,127)
4.34 .0223 -63
c (90)
4.35 .0171 6 -.45
(9) (.27)

CThA nr -\+
YU LiIvis

form except ti

%nless noted, estimates are made as single equations within

a system using MLIML estimators with ¢ = 1, data in original

form, and corrected for autocorrelation.
A for explanation of variable names.

estimation program.
divided by the corrected sum of squares of the transformed
dependent variable.
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See text or Appendix

BThe RZ statistic is a rough measure calculated outside of the
The estimated error sum of squares is

wilh the data in Togarithmic
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M M H _fo A TA
Put Put-1 Pt PRt t t
11,671 11,489
(9.388)  (5.803)
-18.095  -11.686
(12,224) (7,750)
-8,586 9,246
(4.645)  (5.101)
-8,359 9,120
(4.588)  (4.781)
1,671
(1.168)
20 .003
(17) (.001)
-039
(.013)
-5,540 |051
(3.611) (.026)
.11
(.77)

-.68
(1.39)
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Table 4.2 continued

Be  Yart-r  Vi-1 St T Qg3 P
26 -.00008 421 -d
(.09)  (.00003) (116)
-124 .80 18
(129) (.30) (.35)
.12 -.00005 145
(.08) (.00002) (51) (.19)
.28 -.00004 -.002 102 .27
(.12) (.00003) (.085) (55) (.13)
.28 -.00004 102 .35
(.12)  (.00003) (48) (.21)
88 9 .63 .15
(114) (33) (.17) (.22)
.29 -.00005 73 .52
(.07) (.00001) (117) (.13)
.33 -.00006 432 45
(.10)  (.00002) (128) (.17)
.34 -.00004 333 52
(.14)  (.00003) (142) (.17)
4.6 .44 -.004 .031 .49
(6.2) (.44) (.042) (.028) (.15)
-.17 -.027 .024 .86  -.28
(.40)  (.035) (.029)  (.25) (.32)

dautocorrelation is_insignificant so the model is reestimated
with no such coefficient.
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prices received are specified, the coefficient of the current ratio
has the wrong sign and is insignificant even though the model is
over identified. Hodel (4.27) is estimated with only the lagged
ratio; all signs are theoretically correct, the mean square error
is lower than models (4.25) and (4.26), and, except for the inter-
cept, all coefficient estimates are statistically significant.
Similar problems are encountered when the current and Tagged
ratios of machinery price to the farm wage rate are specified in
models (4.28) and (4.29). 1In both models we can have ninety
percent confidence that the ratios' coefficient estimates are
not equal to zero, but the lagged ratio has a positive, rather than
the expected negative, coefficient estimate.

In those models with fairly stable coefficient estimates
and acceptable signs, machinery demand is estimated to be elastic
with respect to its own price (Table 4.3). The long-run elas-
ticity estimates range from -0.8 in model (4.27) to -2.8 in model
(4.25). Excluding model (4.25) since it includes the lagged
price ratio and not the current ratio and model (4.27) because
of the wrong coefficient sign on fuel and o0il price, the Tong-
run demand elasticity with respect to the machinery price ranges
from -1.0 in model (4.31) to -1.4 in model (4.33). In model (4.30)
the short-run elasticity is estimated to be -0.4 and the long-

run elasticity is estimated to be -1.1. Hence, a ten percent rise



Table 4.3. Estimated elasticities of demand for farm machinery with respect to prices and

other variables?

P p p p p
M M M H fO ]

Model Prt  Precl e PRe PR Al A, B Varger Vi1
4.25  -2.77 2,22  2.47 .98 -.14
(1.40) (1.78) (1.25) (.35)  (.05)
4.27 -.80 .45 -.08
(.39) (.32) (.04)

4.30P .42 .16

(.29) (.20)
4.31 -1.02 1.41 0.9 1.11 -.08
(.21) (1.23)  (0.1) (.26)  (.02)
4.32  -1.19 10.5 1.25 -.09
(.47) (3.7) (.37) (.04)
4.33 -1.39 13.9 1.28 -.06
. (.91) (7.1) (.54)  (.04)
4.35 -.45 -.68 -.17 -.03
(.27) (1.39) (.40)  (.04)

dEv1asticities are calculated using variable averages except for estimates from logarithmic
data. Models are selected on the basis of coefficient stability and model acceptability.

bLong-run estimates for the adjustment or expectation model can be estimated by using the
coefficient on the lagged dependent variable.

CData_\ are in logarithmic form. The elasticities are estimated directly as coefficient
estimates.

A
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in the machinery price relative to all prices received is esti-
mated to cause machinery demand to fall by ten to twelve percent

or up to twenty-eight percent by model (4.25) if all other factors
are stable. Machinery demand is slightly more elastic with respect
to its price relative to the farm wage rate; a ten percent rise

in this ratio is estimated to cause an eleven to fourteen per-

cent decline in demand.

The elasticities of machinery demand with respect to prices
received and the farm wage rate can be estimated by using the
coefficient estimate of the appropriate price ratio. The elas-
ticity with respect to prices received is estimated to range
from 0.8 in model (4.27) using the lagged ratio to 1.2 in model
(4.32). The long-run elasticity with respect to the farm wage
rate is estimated to range from 1.1 in model (4.30) to 1.4 in
model (4.33); the short-run elasticity is estimated to be 0.4
in model (4.30). From these estimates machinery demand can be
expected to respond elastically with respect to both prices
received by farmers and the farm wage rate.

For the most part, Heady and Tweeten (1963) and Minden (1965)
do not estimate the price elasticities to be as high as these
estimates. Heady and Tweeten estimate the elasticity to be about
-0.75 using the data in original form and -1.5 using the data in
logarithmic form; their data are annual figures from 1926 to 1959

excluding 1942 to 1947. Minden estimates the price elasticity
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of demand for all machinery to be -0.85 for the period 1911 to 1962.
The higher price elasticities estimated in this study reflect
several things. The recent data period used covera time when
farm machinery essentially has replaced all horse power. Machinery
is now an integral part of the farm business and stocks have been
built up. Thus, the greater response to prices can be from the
national demands reflecting adjustments to prices and not just
additions to the farm stock of machinery. As knowiedge of the pro-
duction function of an input increases, and producers find
the marginal product higher than the marginal cost, the input
will be added to the production process even though its relative
price is increasing. So it has been with machinery in the past;
now as the productivity of machinery is known with more certainty,
producers adjust quicker to price changes. Also, the general
Tevel of education of farmers has increased over time thus in-
creasing their management ability and responsiveness to market
conditions.
In model (4.31) the average number of acres per farm is es-
timated to have a significant, positive effect upon the demand
for machinery. The response is elastic. However, this is not
the case in every model estimated. In model (4.35) and other,
unreported models, the effect of the acreage per farm is unstable.
Machinery demand responds positively to changes in the

total crop acreage. This is expected. Demand is estimated to
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be quite responsive to changes in total acreage. In model (4.31)
a one percent increase in total acreage is estimated to cause a
0.9 percent increase in machinery demand; in models (4.32) and
(4.33) the increase is estimated to be ten and one-half to four-
teen percent, but these latter estimates are unreasonable.

In models (4.30) and (4.34) the ratio of farmers' equity to
outstanding debt has an unstable effect. The effect is positive
in both models but the standard error of the coefficient is
greater than the coefficient in both models.

As hypothesized, net farm income and its variation are
estimated to have positive and negative effects, respectively,
upon the demand for machinery. The income elasticity of demand
is estimated to range from 0.45 in model (4.27) to 1.3 in model
(4.33). Variation between expected and actual net farm income
has a decreasing effect but it is quite small.

These estimates fall inbetween the range of income elas-
ticities estimated by Heady and Tweeten (1963) and Minden (1965).
For the period 1926 to 1959 excluding 1942 to 1947, Heady and
Tweeten have income elasticity estimates ranging from 0.4 to 0.8.

Minden estimates the income elasticity to be 0.45 for the period
1911-1962 and 3.66 for the period 1946 tc 1962. The increases
in income elasticity over time is explained by the same reasons

mentioned earlier for price elasticities: growth in stock level,
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greater knowledge of machinery productivity and better management
ability.

The slowly changing variables have a positive and significant
upon machinery demand. In model (4.26) the time coefficient is
negative and unstable but model (4.26) is not considered because
of the impact of lagged machinery purchases upon it.

The Tagged value of machinery purchases, while its coefficient
is significant, is thrown out of the model. The coefficients of
the other variables are unacceptable in models (4.26) and (4.30).
The stock of farm machinery dces not have a significant effect
upon machinery demand as exemplified by model (4.28); it is not
considered a part of the true model. Also, the logarithmic form-
ulation is rejected for use as a model of machinery demand; models
(4.34) and (4.35) show the characteristically unstable coefficients
found in this type of model.

From this analysis we can see that farmers' demand for machin-
ery is a function of current price ratios, total and per farm
acreages, total of and variations in national net farm income,
and other, slowly changing variables. The stock of machinery
and last years' expenditures do not have significant effects.

The results of the analysis of demand for building and land im-

provements are reported next.
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Building and land improvements demand

Building and land improvements include new construction,
additions, and major improvements of service buildings, other struc-
tures, fences, windmills, wells, dams, ponds, terraces, drainage
ditches, tile lines, and dwellings not occupied by farm operators.
Farmers' demand for building and land improvements is hypothesized
to be a function of the prices of building and fencing materials
and fuel and oil, the farm wage rate, the per acre value of U.S.
farmland, the prices received by farmers, the number and size of
farms, the total crop acreage, the ratio of farmers' equity to
outstanding debt, national net farm income, the variation between
expected and actual net farm income, the stock of farm buildings,
and other, slowly changing variables represented by a time variable.
The variables are formulated into several models to test hypotheses
and to estimate the quantitative effects of these variables upon
farmers' demand for improvements.

The demand for building and land improvements behaves as
expected in response to its own price and the prices of comple-
ments and substitutes (Table 4.4). In all models demand response
is quite elastic with respect to its own price (Table 4.5). The
short-run price elasticity estimates range from -2.7 in model
(4.42) to -3.7 in model (4.39). Models (4.37) through (4.40)

have the lowest mean square error of the models using the data in



Table 4.4. Estimates of structural coefficients of demand for

building and land improvements®

anD P P
Model s2 RZ Intercept §§— Pﬁ_
Rt Rt
4.36 4,458 .998 -1,913 -4,832 -434
(277) (499) (188)
4.37 3,934 1.000 787 -4,694
(1,146) (456)
4.38 3,941 1. 000 2,253 -4,742
(882) (475)
4.39 4,275 1.000 -1,177 -5,382
(3,210) (1,064)
4.40 3,687 1.000 1,666 -4,492
(269) (414)
4.41 4,621 .99a 1,200 -3,465
(2,127) (629)
4.42 4,659 .999 611 -3,832
(943) (785)
4.43 7,341 .997 4,440 ~2,240
(1,595) (292)
4.44 4,739 .999  -1,564 -4,779
- (698) (549)
4,45~ . 00457 20.67 -3.38 -.74
c (7.32) (.53) (.26)
4.46 .00283 4.72 -2.75
c (3.11) (.31)
4.47 .00634 2.61 -3.12
(1.92) (.67)

dUnless noted, estimates are made as single equations within
a system using MLIML estimators with o = 1, data in original
form, and corrected for autocorrelation. See text or
Appendix A for explanation of variable names.

BThe RZ statistic is a rough measure calculated outside of the
estimation program. The estimated error sum of squares is
divided by the corrected sum of squares of the transformed
dependent variable.

CThe equation is estimated with the data in logarithmic form
except time.
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fo FL '
Pt Pt Ay TA¢ N, E.  Yart-1
2,453 2,159
(439) (188)
2,518 1,628 23
(432) (240) (30)
2,337 1,912 ~.009
(389) (265) (.012)
2,640 2,410 .002
(557) (451) (.003)
2,250 1,763
(363) (158)
1,499 1,473 -.07 .016
(674) (251) (.18) (.017)
1,769 1,474 -.53 -009
(651) (239) (3.80) (.015)
1,792 -.20 -9
(293) (.15) (33)
2,829 1,179 -3.5 59
(467) (217) (2.2) (26)
1.14 2.31
(.58) (.77)
1.50 57 -.41 .23
(.35) (.24)  (.50) (.18)
1.87 .31 15 .15
(.80) (.49) (.25) (.17)
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Table 4.4 continued

Model Vt-l St T Qpt-1 P
4.36 -.03 23 -.28
(.01) (5) {.19)

4.37  .000003 -.02 29 -.49
(.000001) (.01) (13) (.20)

4.38  .000005 -.03 14 -.45
(.000003) (.01) (9) (.20)

4.39  .000003 -.04 31 -.44
(.000001) (.02) (14) (.20)

4.40  .000003 -.0 19 -.44
(.000001) (.01) (4) (.19)

4.41  .000002 13 -.30
(.000003) (25) (.21)

4.42  .000002 25 -.28
(.000003) (32) (.21)

4.43  .000006 -27 .04 .00
(.000002) (19) (.13) (.26)

4.44 71 .11 -.36
(15) (.09) (.22)

4.45¢ -1.24  -.004 -.15
(.58) (.023) (.17)

4.46¢ .04 .31 -.39
(.01) (.07) (.14)

4.47¢  .006 .04 -.18
(.021) (.02) (.17)




Table 4.5.

Estimated elasticities of demand for bu11d1ng and lTand improvements with respect to

prices and other variables, selected models?

Calculated P P p
B H fo FL
from model: 5 = — A' TA, E Yars. Vio
Pt Pre PRt  Prt t t t AFt-1- Tt-1
4.36 -3.35 -.26 1.65 1.26
(.35) (.11) (.30) (.11)
4,37 -3.26 1.70 .95 .13 .015
(.32) (.29) (.14) (.16) (.007)
4.38 -3.29 1.58 1.11 -.11 .026
(.33) (.26) (.15) (.15) (.013)
4.39 -3.73 1.78  1.40 .002 .015
(.74) (.38) (.26) (.002) (.007)
4,40 -3.12 1.52  1.02 .018
(.29) (.24) (.09) (.006)
4.42 -2.66 1.19 .86  -.12 -.11 .012
b (.54) (.44) (.14) (.86) (.18) (.017)
4,44 -3.32 1.91 .69  -.78 .33
(.38) (.31) (.13) (.49) (.14)
4,45¢ -3.38 -.74 1.14  2.31
(.53) (.26) (.58) (.77)
4.46bsc  -2,75 1.50 .57 .41 .23
(.31) (.35) (.24) (.50) (.18)

qEtasticities are calculated using variable averages except for estimates from logarithmic data.
Models are selected on the basis of coefficient stability and model acceptability.

bLong-run estimates for the adjustment or expectation model can be estimated by using the
coefficient on the lagged dependent variable.

Cpata are in logarithmic form.

The elasticities are estimated directly as coefficient estimates.

18
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original form. In these four models the price elasticity esti-
mates range from -3.1 in model (4.40) to -3.7 in model (4.39).
Using model (4.44) as an adjustment model the short-run price
elasticity is estimated to be -3.3 and the long-run elasticity
to be -3.7. Hence, a ten percent rise in the price of building
and fencing materials with all other factors constant is estimated
to cause a thirty-one to thirty-seven percent decline in the de-
mand for improvements.

The farm wage rate has a significant effect on the demand
for improvements only in models formulated as in models (4.36)
and (4.45). In both of these models, labor is estimated to be
a complement to building and land improvements, but the response
is inelastic. In model (4.36) the cross-price elasticity of
demand is estimated to be -.26, and it is estimated to be -.74
in model (4.45).

The cross-price elasticity of demand with respect to fuel
and oil is estimated to rangz from 1.1 in model (4.45) to 1.8
in model (4.39). The short~-run elasticity is estimated to be 1.9
and the long-run elasticity, 2.1 in model (4.44). A ten percent
rise in the price of fuel and oil is estimated to cause a rise
in improvements demand of eleven to twenty-one percent with all
other factors constant which is an elastic response.

Farmers' demand for building and land improvements is esti-
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mated to have an almost unitary response to the per acre value of
farmland as a substitute for improvements. The cross-price elas-
ticity of demand is estimated to range from 0.9 in model (4.42)

to 1.4 in model (4.39). The adjustment models of (4.44) and

(4.46) estimate the short-run elasticity to be 0.7 and 0.6,
respectively, and the long-run elasticity to be 0.8 in both models.
A ten percent rise in the per acre value of farmland is estimated
to cause an eight to fourteen percent increase in demand for
improvements in the long-run.

The average number of acres per farm does not have a con-
sistently significant effect upon demand for improvements. In
model (4.44) demand is estimated to respond negatively and in-
elastically to changes in farm size. This effect was found in
the analysis by Hoffmann and Heady (1962), also. In model (4.39),
the total U.S. crop acreage is estimated to have no significant
effects on demand for building and land improvements. In model
(4.41) the number of farms has an insignificant coefficient; in
model (4.43) the coefficient is significant but the model is not
considered due to instability of other coefficients.

Only in model (4.44) does the equity ratio have a significant
effect upon demand. In other formulations the ratio does not
have a significant coefficient. Demand response is quite inelastic

to equity ratio changes.
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National net farm income also has no significant effect upon
demand for building and land improvements. The variation in
income does have a significant, positive effect on demand. How-
ever, the response in demand is quite inelastic to changes in
income variation.

Model K in Chapter II could be used to interpret the effect
of including the stock of farm buildings. However, Model K does
not fit the results. In Model K the values of the depreciation
rate and the adjustment coefficient cannot be determined without
outside information. An estimate of the adjustment rate could
come from an adjustment model such as model (4.44); an estimate
of the depreciation rate could come from historical records or
by assumption.

The coefficient estimate for the stock of buildings ranges
from -.02 to -.04 excluding model (4.45). The adjustment co-
efficient, g, estimated in model (4.44) is 0.89; using this ad-
justment coefficient, the estimate of the depreciation rate is
estimated to range from 0.85 to 0.87 which seems quite high. An
estimate of the depreciation rate can be calculated by assuming
straight-1ine methods and an average life span of improvements.
If an average life of twenty-five years is assumed, the depreciation
rate is estimated to be 0.04; thus, adjustment coefficient is

estimated to range from 0.06 to 0.08 depending upon the model
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considered which seems quite low. So model K is considered to be
inappropriate to analyze farmers' demand for improvements.

A simpler model may be more appropriate to analyze demand.
Since the coefficient on the stock of buildings is consistently
negative, it does not seem realistic to call this an estimate of
the depreciation rate. What the negative coefficient says is:
the larger the stock of buildings, the less the demand for im-
provements. This seems realistic but perhaps too simple for model-
builders. Model (4.45) which is estimated using logarithmic data
supports this simpler formulation.

The other, slowly changing variables have a positive effect
on improvements demand. In those models not excluded due to
unstable coefficients the coefficient on time is estimated to
be positive and significant.-

When the data are used in original form, the lagged value of
expenditures on improvements is rejected as part of the true model.
The mean square error is lower in models not containing the lagged
variable. In model (4.44) the lagged expenditures has an esti-
mated coefficient of which we can have eighty-five percent con-
fidence that the true parameter is different from zero. The esti-
mates of the other models are near the estimates of model (4.44)
so Tittle information is lost by exciuding the lagged variable.

In this analysis we have tested the hypotheses of what vari-

ables have significant impacts upon farmers' demand for building
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and land improvements. The quantitative effects of these relation-
ships are estimated. The demand for improvements is seen as a
function of current prices of building and fencing materials and
all prices received by farmers, the variation in net farm income,

the stock of farm buildings, and other, slowly changing variabies.

Summary

Farmers' demands for machinery and building and iand improve-
ments are analyzed separately in this chapter. The qualitative
and quantitative effects upon machinery and improvements demand
are estimated in econometric models.

Expenditures for machinery and improvements have increased
in real terms since 1945. However, the purchases have been made
up of heterogeneous parts over time. For this study the total
expenditure level is analyzed versus the components of the total.
The changes in total machinery demand and in total improvements
demand are hypothesized to be caused by various variables that
farmers consider in their decision analysis.

The demand for machinery is hypothesized to be a function
of the machinery price, the fuel and oil price, the farm wage
rate, and all prices received by farmers. The demand for building
and land improvements is hypothesized to be a function of the price
of buiiding and fencing materials, the fuel and oil price, the

per acre value of U.S. farmland, the farm wage rate, and all
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prices received by farmers. These prices are included as ratios
in the analysis.

Other variables affect machinery and improvements demand.

Net farm income and the variation between expected and actual net
farm income indicate potential returns and risks of investments.
Farmers' equity ratio, the number and size of farms, total crop
acreage, and farm stocks of machinery and buildings are hypothe-
sized to influence the demand for machinery and improvements.

These variabies are formulated into several demand models for
machinery and building and land improvements. These models are
specified as part of a system of models of other resource markets.
Fuller's modified limited information maximum 1ikelihood estimator
with o = 1 is used to estimate the parameters of the models.
Estimates are made with the data in original and logarithmic
values. Data are from 1946 to 1977 and 1945 for lagged observa-
tions.

Several formulations of the machinery demand models are used
to achieve theoretically correct signs on the price ratios. In
those models with fairly stable coefficient estimates and accept-
able signs, machinery demand is estimated to be elastic with
respect to the current machinery price. A ten percent rise in
the machinery price relative to all prices received is estimated
to cause machinery demand to fall by ten to twelve percent or up

to twenty-eight percent by model (4.25) if all other factors are
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constant. Machinery demand is slightly more elastic with respect
to its price relative to the farm wage rate than to its price
relative to all prices received. Machinery demand is estimated
to be elastic in response to all prices received and the farm
wage rate.

As the acreage per farm and total acreage change, machinery
demand is estimated to respond in the same direction. The demand
for machinery is estimated to be quite responsive to changes in
total crop acreage.

National net farm income and the variation between expected
and actual net farm income are estimated to have significant
positive and negative effects, respectively, on machinery demand.
The income elasticity of demand is estimated to be greater tharn
1.0.

Other, slowly changing variables have a positive impact on
machinery demand over time. The stock of machinery and last
year's expenditures do not have significant, estimated effects.

Farmers' demand for building and land improvements behaves
as expected in response to its own price and the prices of com-
plements and substitutes. Demand is quite elastic with respect

to its own price and the price of fuel and oil which is esti-

mated to be a substitute of building and land improvements.
Demand responds jnelasticaiiy to the farm wage rate as a comple-

ment. The effect of the value of farmland is significant and its
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cross-price elasticity is expected to be near unity.

The number and size of farms do not have consistently signif-
icant effects upon demand for improvements. Total crop acreage
also has no significant effect. The equity ratio does not have
a consistent significant effect either. Neither do national net
farm income or the variation in net farm income.

The stock of buildings does have a significant but negative
effect upon the demand for improvements. This does not fit any
of the models discussed in Chapter II and is considered to be
the simple impact of the stock level upon demand.

Other slowly changing variables do have a significant positive
effect on improvements demand. When the data are used in original
form, the lagged value of expenditures on improvements is rejected
as part of the true model due to insignificance and improved mean
square error in other models.

In this chapter the results of the analysis of farmers' demand
foer machinery and for building and land improvements are discussed.

In the next chapter farmers' demand for farm labor is analyzed.
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CHAPTER V. DEMAND FOR FARM LABOR

The intrinsic, human element of farm labor makes the
historical downward trend in farm employment a highly emotional
issue. It is a subject more politically volatile than land and
capital, the other two components of the traditional trio of
resources. Changes in the level of machinery purchases and
fertilizer usage do not create the concern that changes in farm
employment and population do. The concern is shared by people
in and out of farming.

The issue of farm Tabor involves the economic well-being
of farmers and farm workers and, as some proponents of family
farming say, the very fiber of democratic society. The pioneer
heritage of farming, the love of the land and the way-of-l1ife, and
the historical independence of Americans have combined to make
the discussions about farm labor and returns to farm labor more
than just a rational economic discussion. The solutions of Tow
returns to farm labor and slowing or reversing the decliine in
the number of farmers involve these ideas and beliefs just
mentioned as well as economics.

Thomas Jefferson, the third president of the U.S., argued
that farming was not only the source of economic worth but was

also the source of moral virtue in a democratic society (Gulley,
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1974, p. 25). To be a source of moral virtue, Jefferson felt
that a nation needed to consist mainly of small, independent
family farmers. Even though these conditions have disappeared
in the U.S., the Jeffersonian concept is used to extol the vir-
tues of the smaller, independent farmer.

U.S. farm population has decreased beth in absolute terms
and relative to the total population (Table 5.1). Farm popu-
lation as a percentage of the total population has fallen from
35% in 1910 to 3.5% in 1977. Farm employment has also fallen
(Table 5.2 and Figure 5.1). The number of family workers has
decreased at a faster rate than hired workers on U.S. farms.
The estimate of 1977 total farm employment is less than a
third of 1910 total employment. National net farm income measured
in 1967 dollars has increased 20 percent from 1920 to 1977
(Table 5.3). Average net farm income per farm in 1967 dollars
has almost doubled from 1910 to 1977 reflecting a halving in
the number of farms. These figures represent national levels
and do not indicate anything about regional changes. Nor do
these figures show why the changes have occurred.

Prices, as well as income, are expected to infiuence farm
labor demand. Relative to all prices received by farmers, the
farm wage rate and the prices of machinery and fuel and oil

have risen since 1945 (Figure 5.2). These two inputs are ex-
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Table 5.1. U.S. population: total and farm, selected years,

1910-19772
Farm population
Total Number Percentage
Year population of total
(000) (000) (%)
1910 91,885 32,077 34.9
1920 106,089 31,974 30.1
1930 122,775 30,529 24.9
1940 131,820 30,547 23.2
1945 139,583 24,420 17.5
1950 151,132 23,048 15.3
1955 164,607 19,078 11.6
1960 180,007 15,635 8.7
1965 193,709 12,363 6.4
1970 204,335 9,712 4.8
1975 213,056 8,864 4.2
1977 216,399 7,806 3.6

aSources: U.S. Department of Agriculture, 1962, 1972, 1978).



Table 5.2. U.S. Farm Employment, Selected Years, 1910-1977°

Total employment Family workers Hired workers

Average Average Average
number of Index number of Index number of Index

Year persons 1967=100 persons 1967=100 persons 1967=100

(000) (000) (000)
1910 13,555 276 10,174 279 3,381 270
1920 13,432 274 10,041 275 3,391 271
1930 12,497 256 9,307 256 3,190 247
1940 10,979 225 8,300 228 2,679 208
1945 10,000 206 7,881 217 2,119 163
1950 9,926 203 7,597 208 2,329 182
1955 8,381 172 6,345 172 2,036 158
1960 7,057 144 5,172 142 1,885 145
1965 5,610 114 4,128 113 1,482 118
1970 4,523 92 3,348 92 1,175 94
1975 4,342 89 3,026 83 1,317 105
1977 4,152 85 2,856 78 1,296 103

3Sources: (U.S. Department of Agriculture, 1962, 1972, 1978).

€6
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Figure 5.1. The total farm labor force and its family

and hired farm labor components.




Table 5.3.

Number of farms and tota; and per farm net income in current and 1967 dollars,
selected years 1910-1977

Number Total net incomeP Per farm incomeb
of current 1967 current 1967
Year farms dollars dollars dollars dollars
(000) -(mi1lion dollars) - - - -(dollars) - - -
1910-14 ave. 6,429 3,984 13,759 620 2,141
1920-24 ave. 6,500 5,086 9,466 782 1,456
1930-34 ave. 6,672 3,023 6,939 454 1,041
1940 6,350 4,432 10,671 706 1,681
1945 5,967 12,312 22,842 2,063 3,827
1950 5,648 13,648 18,929 2,417 3,352
1955 4,654 11,305 14,096 2,429 3,029
1960 3,963 11,518 12,985 2,907 3,277
1965 3,356 12,899 13,650 3,843 4,067
1970 2,949 14,151 12,168 4,799 4,126
1975 2,767 24,475 15,183 8,845 5,487
1977 2,706 20,543 11,318 7,592 4,183

%source: (U.S. Department of Agriculture, Economics, Statistics, and Cooperative
Service, 1978, p. 32-34).

byet farm income including government payments and after inventory adjustment.

g6
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pected to be substitutes for farm labor. The price of machinery
has increased more than the farm wage rate and the price of
fuel and o1l relative to all prices received.

For a better understanding of farm employment and the ex-
planatory forces behind employment changes, the effects of in-
come, prices, and other factors need to be estimated. By
knowing these effects, we can estimate the effects of future
changes.

In this chapter, variation in farm employment is explained
by several factors. Hired and family labor are used as explan-
atory factors of each other in some modeis. Wage rates, reiative
to prices received by farmers, are included in hired labor models.
The relationships between nonfarm and farm wage rates and national
unemployment rates are used to explain family labor demand.

The models used for labor demand are explained briefiy in
the next section. Then the estimates of the parameters of the

models are presented. A short summary is at the end of the chapter.

Models of Labor Demand
The two components of farm labor, hired and family workers,
are treated separately in this analysis. Models of hired farm
labor demand are similar to demand models for other resources.
For family labor different models are needed to account for

different methods of allocation for that resource.
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The demand for farm labor is considered to be a function of
farm wage rates and prices of complements and substitutes, all
relative to prices received; net farm income; farmers' equity
to debt ratio; the stock of machinery; the nonfarm to farm
hourly wage ratio; the national unemployment rate; the variance
between actual and expected net farm income; the number of farms,
the average farm size; the level of the other labor component;
and other, slowly changing variables accounted for with a time
variable. The reasons for including these variables in the
analysis are summarized here and in Chapter II.

Resource demand will respond inversely to its own and
complements' price changes and directly to substitutes' price
changes. Most major resources in agriculture are substitutes
for labor, and labor; demand is assumed.to move directly with
the price changes of those resources. Prices received for farm
products are assumed to have direct effects upon labor demand.
The amount of response from a given price change depends upon
the interrelationships between all resources. It is these
degrees of response, these interrelationships, that this analysis
is measuring.

High net farm income indicates better return to resources
which increases the demand for labor. The equity ratio measures
financial soundness and the farmers' 2bility to weather bad

years and stay in farming. The variance between actual and
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expected net farm income is a measure of the risk and uncer-
tainty that a farmer faces in prices, productivity, and other
forces.

The nonfarm to farm hourly wage ratio indicates the rel-
ative earning power of labor. As this ratio increases the pull
from farm to nonfarm employment grows. The national unemploy-
ment rate indicates whether the move from farm to nonfarm
employment is possible. Unemployment may be high enough that
no jobs are open even though the wage ratio points towards moving
to nonfarm jobs.

Machinery is a substitute for Tlabor and the stcck of
machinery indicates the level of substitution. The number of
farms and average farm size are indicators of labor changes as

machinery and other resources replace labor.

hired and family labor also respond to changes in each other.
Other, more slowly changing variables affect labor demand as
well; the effect of these are accounted for by including a
time variable in the demand models.

These variables are used to delineate several labor demand
models and are not used together in one model necessarily. From
the general models discussed in Chapter II, a few models are
presented here as applicable to farm labor. Hired farm labor

demand fits an adjustment model easily since farmers will adjust
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their demand for labor in relation to the other resources and
prices but the adjustment is not instantaneous. Factors that
will affect hired labor demand are the wage rate relative to

the prices received, PH/PR; the price for fuel and oil relative
to the prices received, PfO/PR; the family labor force, QF; and
the stock of machinery, SM' Combining these and a time variable,

a model similar to (2.16) is obtained:
Qe = @ + b(Py/PR) + c(Peo/Pp)y +

dQFt + eSy, + fT + u (5.1)

t

where Q*Ht is the desired or optimal level of demand for hired
farm labor. Model (5.1) may be used as it is by substituting
the actual Tevels of the hired labor force for the desired
levels.

Actual adjustment in hired farm labor in the current year
is assumed to be a constant proportion of the difference between
the desired Tevel in the current year and the actual hirings

during the past year:
QHt - QHt"l = g(Q*Ht - QHt-l) (5'2)

To develop an adjustment model similar to Model J in Chapter II,

(5.1) is substituted into (5.2) and solved for Qe
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~

Qe = ag * bg{Py/Pp), + cg(rfo/PR)t +

deFt + egSMt + fgT +
(l-g)QHt'l + gut (5°3)

Once (5.3) has been estimated, the long-run coefficients of (5.1)
can be calculated using the adjustment coefficient, g, estimated
from the coefficient on QHt-l' Long-run and short-run elasticities
are estimable.

Alternative specifications of (5.1) include substituting

net farm income, YF, for QF:

The = @ + b(Py/Pp)y + c(Pry/PR), +

dYFt’l + eSMt + fT + Ut (5.4)
or substituting the equity ratio for QF:
* - .;.
Q e = 8 b(PH/PR)t + C(Pfo/PR ¢t
dEt + eth + fT + u, (5.5)

Adjustment models analogous to {5.3) for these desired-level
models can be derived readily. Other variables may be used to
form additional models of hired farm labor. Different combin-
ations of variables can be used to formulate other desired-

level models such as in (5.1). In each case, adjustment models
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can be formuiated and the long-term, as well as the short-term
coefficients can be estimated.

The level of family farﬁ.éﬁployﬁént is specified differ-
ently from other agricultural inputs. It is different because
a family worker decides for himself/herself between farm and
nonfarm employment. There is demand for working on the farm
from the potential inccme flow and there is demand for nonfarm
empioyment due to potential earnings. But family workers may
not move between farm and nonfarm employment with complete
freedom. A high unemployment rate will discourage any movement
of labor even though farm income may be relatively low.

In another sense this is also the supply of family labor
in agriculture. A family worker may stay in agriculture even
though returns are greater elsewhere due to the nonmonetary
benefits of farming. A family worker also bases his/her decision
on the net income from farming, not on the actual levels of
farm prices, and the net income from farming relative to income
from nonfarm employment.

To include these variables, the initial family labor model

is specified as:

= a + bY cy + dX (5.6)

Q¢ Rt-1 ¥ Yiq

where QF is the level of family employment, Y, is the ratio of

R
nonfarm hourly wages to farm hourly wages, U is the national
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unemployment rate, and X stands for other explanatory variables.

The coefficient on Y,, b, is expected to be negative since

R’
increases in nonfarm wages relative to farm wages will draw
labor away from agriculture.

The interaction between the wage ratio, Y_, and the un-

R
employment rate, U, may be a significant factor in family labor
decisions. To explicitly include this interaction, Heady and

Tweeten (1963) add an interaction term to (5.6):
Qe = @ + bYpy g + dX + e(Yp(1-0)), 4 (5.7)

It is doubtful that the unemployment rate by itself has any
significant effect upon family farm employment so it is dropped
from (5.7).

At some points in time, the unemployment rate may be high
enough to preclude any movement from farm to nonfarm occupations
even if farming has a low relative income. To account for this
level of unemployment, this critical value, say V, model (5.7)

is rewritten as:
QFt =a+ b(YR(l-U/V)]t_1 + dX (5.8)

When U equals V the term in brackets in (5.8) becomes zero re-
moving any impact YR has on QF; this is the effect just discussed.
Assuming that b is negative the situation where U is greater

than V the effect of YR becomes positive; this effect was ob-
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served during the depression as the number of agricultural
workers increased.

Since U is estimated now and known to a certain degree of
accuracy while V is not known, model (5.8) may be reformulated

as:

- -b
Qg =@ + b¥pe g * —‘—I(UYR)t_1 + dX (5.9)

The maximum effect of YR upon QF is b attained when the unem-
ployment rate is zero. The value of V is calculated easily
from the estimated coefficient of UYR.

The variables denoted by ¥ in (5.9) are those discussad
with the models for hired farm labor demand except that X in-
cludes no price variables. Model (5.9) is used to estimate
family farm employment in this analvsis.

These models for hired and family farm labor demand are
not assumed to be independent of other resource markets. Thus
each model is estimated within a system of markets. The system
is adjusted as needed for each model. The basic system for

hired and family labor is described below.
Qe = F(Py/PR) s (Peo/Pe)is Qs Syps T) (5.10)

Ot = FOre-1> WR)ppo Qe To Qpp ) (8.11)
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(P/PR)y = F(Ques Ts (Pu/PR), 1)

(Peo/PR)t = TQsop-10 (Pe/PR)e> T)

Qo = T((Peo/Pe)ys (Py/PR).s (PIP).

A'vs Yape-10 T Qpooq)

(P/PL), = fQup1> T)

Qqp = T((P/PR) o A* o Y v

t*> AFt-1° 7

t-1°
(Py/Pa), = F(PY/PR) s (P/PR)c 15 (Pey/PR). s
Pres T (P/PR)y_y)

A= P /P s (PPR), o T)

(P, /PR, = TR/ s (P/PR) B T)

The system's endogenous variables are:

the number of persons in the national hired farm

labor force,

the number of persons in the national family farm

labor force,

the index of the national average farm wage rate,

the index of the national average price of fuel and

oil on farms,

(5.

(5.

(5.

(5.

(5.

the index of the national average price of electricity

on farms.

12)

.13)

.14)

.15)

16)

17)

18)

19)
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the index of the national average price of all farm
machinery,

the index of the average value of all U.S. farmland,

the index of the national average, aggregate price
received by farmers for all commodities,

= U.S. farmers' total expenditures for fuel and oil

for farm use,

U.S. farmers' total expenditures for electricity for
farm use,

the national average number of acres per farm in the
U.S. on January 1 of the current year.

The system's exogenous variables are:

E =

Uy

v

the ratio of U.S. farmers' total equity to their total

Ak dandina Adahd £aun Favemi;mn misanmasaas
vuLo Laliu ity ucuL 1l

the stock of farm machinery on farms on January 1
of the current year,

= the three-year simple average of national net farm

income,

the three-year simple average of variance between
expected and actual national net farm income,

the index of the national average hourly wage rate of
all nonfarm, industrial workers,

the index of the ratio of nonfarm to farm national
average hourly wage rates,

the national average unemployment rate, 0 < U < 1,
the product of U and YR’ and
the time variable where T = 47.0 for 1947.

The subscript t denotes the current year; t-1 denotes the
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year just passed. Two variables not in the basic system but
used in alternative systems and models are:

QM = U.S. farmers' total expenditures for all farm machinery
and equipment for farm use expressed in 1967 dollars and

=
1}

the number of farms in the U.S. on January 1 of the
current year.

A more detailed description of these variables and the
sources of data is in Appendix A.

The variables, models, and systems presented in this section
are used to analyze the demand for hired and family farm labor.
The results of the analysis are presented in the next section.

Empirical Estimates of the National
Demand Functions for Farm Labor

Estimates of the parameters of the models just described
are presented in this section. These results allow us to test
hypotheses of directional effects on labor demand of changes
in various variables. They also estimate the quantitative
reaction of labor demand to changes in prices and other explan-
atory variables. With these estimates the changes in farm labor
demand due to future trends and changes in U.S. agriculture can
be estimated.

The estimation procedures used are outlined in Chapter III.
Fuller's modified 1imited information maximum Tikelihood estimator

(MLIML) is used with a = 1. For some models of family farm labor



demand which include as explanatory variables only predeter-
mined variables, the ordinary least squares (OLS) procedure is
used. Estimates are made with the data in original values and
logarithmetic transformations also. Data are from the years
1946 to 1977 and 1945 for lagged observations.

Demand for hired farm labor is analyzed first and then

family farm employment. The structural coefficients and the

Hired farm labor demand

Hired farm labor is the nonfamily component of farm labor.
it is hypothesized to be a function of the farm wage rate, the
price of fuel and o0il, the price of farm machinery, the prices
received for farm goods, the number of family workers, the number
of farms, the average farm size, the national net farm income,
the variation in income, expenditures for and stock of farm
machinery, and slow-changing variables grouped together in the
time variable. These hypotheses are tested by estimating modeis
of nired farm labor demand within a system of models of farm
resource demand.

Models {5.20) through (5.30) support the hypothesis that
demand for hired farm labor responds in the opposite direction
to changes in the farm wage rate (Table 5.4). The results also
show that hired farm labor changes in the same qualitative

direction-as changes in prices for machinery and fuel and oil



Table 5.4. Estimates of structural coefficients of demand for
hired farm labor?d

. P
Model 52 sz Intercept T;i- ﬁfg
Rt Rt
5.20 6,141 .996 3,143 -2,273
(689) (558)
5.21 7,632 .997 -1,475 -1,667 487
(1,953) (593) (585)
5.22 5,618 .998 -1,819 -1,735 774
(1,601) (578) (368)
5.23 1,823 .999 -1,818 -1,078 881
(1,034) (430) (550)
5.24 8,401 .996 -287 -1,908 700
(2,689) (477) (354)
5.25 6,400 .997 2,084 -1,306 305
{297) (633) {351)
5.26 2,911 .999  -5,043 -1,896 651
(1,436) (401) (261)
5.27 8,143 .998  -4,826 -571 1,633
(2,032) (497) (436)
5.28C .0012  1.000 -8.7 -.54 .21
(5.2) (.20) (.21)
5.29¢ .0016  1.000 -5.1 -.47 .07
(5.5) (.30) (.31)
5.30¢ .0056  1.000 3.5 -1.47 .48
(6.3) (.59) (.34)

aUn]ess noted, estimates are made as single equations within
a system using MLIML estimators with o = 1, data in original
form, and corrected for autocorrelation. See text or Appen-
dix A for explanation of variable names.

DThe R? statistic is a rough measure calculated outside of

the estimation program. The estimated error sum of squares
is divided by the corrected sum of squares of the transformed
dependent variable.

CThe equation is estimated with the data in Togarjthmic form
except time.
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Y
=

- Ft t Ay Yare t-1

-‘UI
O
1
=

1,375 .006 .000002
(341) (.015) (.000004)

.26
(.15)

(4.2)

.61
(1.20)
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Table 5.4. Continued’
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and prices received for all commodities. Thus, machinery and
fuel and oil are estimated to be substitutes for farm labor.
This is the relationship expected between these variables.

The estimated elasticity of demand for hired farm labor
with respect to the Tarm wage rate, PH, ranges between -0.25
and -1.5 (Table 5.5). If those models with very unstable co-
efficients are excluded, the range is narrowed to -0.9 to -0.25.
And if model (5.27) is excluded since the PH/PR variable has
an approximate t-value of -1.1, the range of the elasticity
is -0.9 to -0.6. These values are still inelastic. Elasticity
values of this magnitude mean that if farm wage rates rise
ten percent, hired farm labor demand may drop from six to nine
percent.

This elasticity of demand is higher than previous studies
have found. Johnson and Heady (1962) estimated hired farm iabor
demand functions for several time periods. Their estimates
of demand elasticity increased as the time period became more
recent with the 1940-57 period estimates as high as -0.6.

Heady and Tweeten (1963) analyzed data from 1926 through 1959
excluding 1942 through 1945 and estimated the elasticity to
be -0.2 to -0.4.
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Table 5.4. Continued’

Model Q. T Qg1 0
5.20 -14 .58
(13) (.19)
5.21 42 .17
(19) (.30)
5.22 46 .22
(17) (.31)
5.23 33 .10 .61
(13) (.35) (.24)
5.24 30 .31
(18) (.24)
5.25 50 .41
(23) (.27)
5.26 -.0007 92 .44
(.0003) (25) (.17)
5.27 50 -d
d (14)
5.28 .05 .63 _
d (.02) (.15) j
5.29 .03 .41 .46
d (.02) (.32) (.24)
5.30 .003 .40
(.016) (.24)

dautocorrelation is insignificant so the model is reestimated
with no such coefficient.
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and prices received for all commodities. Thus, machinery and

fuel and oil are estimated to be substitutes for farm labor.

This is the relationship expected between these variables.
The estimated elasticity of demand for hired farm labor

with respect to the farm wage rate, P,, ranges between -0.25

H
and -1.5 (Table 5.5). If those models with very unstable co-
efficients are excluded, the range is narrowed to -0.9 to -0.25.
And if model (5.27) is excluded since the PH/PR variable has

an approximate t-value of -1.1, the range of the elasticity

is -0.9 to -0.6. These values are still inelastic. Elasticity
values of this magnitude mean that if farm wage rates rise

ten percent, hired farm labor demand may drop from six to nine
percent.

This elasticity of demand is higher than previous studies
have found. Johnson and Heady (1962) estimated hired farm labor
demand functions for several time periods. Their estimates
of demand elasticity increased as the time period became more
recent with the 1940-57 period estimates as high as -0.6.

Heady and Tweeten (1963) analyzed data from 1926 through 1959
excluding 1942 through 1945 and estimated the elasticity to
be -0.2 to -0.4.



Table 5.5. Estimated elasticities of demand_for hired farm ‘abor with respect to prices and
other variables, selected models

Calculated PH Pfo PM .
from model: PRt PRt Pre QFt Nt A N YAFt-l Vt-l QMt
5.20 -1.07 .67 .05 .008
b (.26) (.17) (.14) (.017)
5,22 -.81 .41 .81
(.27)  (.19) (.30)
5.24 -.89 .37 .61
(.22) (.19) (.34)
5.25 -.61 .16 -1.55
(.30) (.19) (.78)
5.26 -.89 .34 1.36 -.19
(.19) (.14) (.23) (.09)
5,27b -.27 .86 1.42
(.23) (.23) (.37)
5.28¢ -.54 21 1.54
(.20) (.21) (.50)
5.30°¢ ~1.47 .48 .61
(.59) (.34) (1.20)

tasticities are calculated using variable averages except for estimates from logarithmic
data. Models are selected on the basis of coefficient stability and model acceptability.

b

c
Data are in logarithmic form. The elasticities are estimated directly as coefficient
estimates.

Model (5.22) has an unstable autocorrelation coefficient which is dropped for model (5.27).

€1l
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Heady and Tweeten offer several reasons for this increase
in labor mobility over time. Some of their reasons are still
valid and may explain why the estimates in this study are
higher than their studies. The present data set spans two wars
when the draft was effective but not on the scale of WWII, so
this would not have as great an effect in this analysis. The
time period 1940 to 1957 covers two periods of high national
employment in the U.S. The period 1946 to 1977 covers the high
national employment in the late fifties and sixties but also
spans a major recession in the early seventies, so the effect
of high employment is mixed with the effect of high unemploy-
ment. Increasing education and skills of workers will increase
their mobility between the farm and nonfarm sectors of the
economy. Improved communications and transportation may also
increase mobility. Also, the elasticity may be increasing due
to the same absolute change in the number of workers causes a
larger percentage change as the total number of workers de-
clines.

The elasticity of hired farm labor demand with respect to
the price of machinery is estimated to be about 0.7 in model
(5.20). But this value may be affected by the unstable co-
efficients on income and income variation in that model. The

response in hired labor demand is estimated to be inelastic
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with respect to the price of machinery. The percentage change
in the demand for hired farm labor will be less than the percen-
tage change in machinery price.

The elasticity of hired farm labor demand with respect to
the price of fuel and ¢il is inelastic also. Estimates from
this study range from 0.16 to 0.86. Excluding the estimates
from models containing unstable coefficients the elasticity is
estimated to be 0.41. Thus if the price of fuel and oil rises
by ten percent, the demand for hired farm labor is estimated to
rise by about four percent over a period of a few years.

Since the index of prices received for all commodities
is the numerator in the price ratios in the models, the elas-
ticity of demand for hired farm labor with respect to the prices
received can be estimated by summing the elasticities of all
price ratios and changing the sign. Excluding the models with
unstable coefficients, this elasticity is estimated to be be-
tween 0.3 and 0.55. So if the prices received for all commod-
ities increased by ten percent and all other conditions remained
the same, the demand for hired labor would increase by three to
five and one-half percent in a few years. These estimates of
elasticity are higher than the estimates in the Johnson and
Heady (1962) study. They show the elasticity of demand with

respect to prices received to be increasing over time. Better
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education and skills for workers and improved communication
and transportation help explain this increase in mobility over
time.

The demand for hired farm labor is positively correlated
with the demand for family farm labor. The elasticity of hired
lahor demand with respect to family labor demand ranges from 0.8
in mode! {5.22) to 1.54 in model (5.28). Hence, a ten percent
fall in family labor demand will trigger an eight to fifteen
percent fall in hired labor demand. These estimates seem to
contradict the figures in Table 5.2 because in actual numbers
the level of family employment has fallen faster than the level
of hired employment. However, in actual numbers ten percent of
the family labor force in 1977 is about twenty-two percent of the
hired labor force so the contradiction disappears. However,
the elasticity suggests that family empioyment will continue to
be greater than the demand for hired labor.

Models (5.24) and (5.25) estimate the explanatory power of
the total number of U.S. farms and the average number of acres
per farm in the U.S. Since all other variables are the same
the lower mean square error for (5.25) indicates that the
average size explains hired labor demand better than the total
number of farms. Hired demand is estimated to be inelastic

with respect to the number of farms and elastic to the average
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size. A ten percent fall in the number of farms is estimated
to cause a six percent fall in hired labor demand over time.
As farms are consolidated the number of hired workers is esti-
mated to decline at a less than one-to-one relationship.

A ten percent increase in average farm size is estimated
to cause a fifteen and one-half percent fall in hired labor
demand after a few years. This elastic response is mainly due
to the machinery-labor trade-off as acreage increases. As the
farm size increases the stock of machinery may increase pro-
portionately more than the number of workers. Model (5.30) is
not used becaiuse of instabiiity in some coefficient estimates.

In model (5.20) net farm income and the variance between
expected and actual net farm income have positive but unstable
coefficients. This condition is present in other unreported
hired farm labor demand models.

Farmers' expenditures on machinery in the current year has
a significant impact upon hired l1abor demand; the stock of machin-
ery does not. The coefficient on the machinery stock variable
in model (5.21) is positive but unstable. In model (5.26) the
substitution of machinery for labor is guantified. A ten per-
cent increase in machinery purchases is estimated to cause only
a two percent decrease in the demand for hired labor.

Past hired labor demand has 1ittle effect on current demand.

In models (5.23) and (5.29) the coefficient on the lagged demand
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is Tess than one-half and fairly unstable. Hired farm labor can
then be considered as more dependent upon current variables

than upon last year's demand level. The Johnson-Heady (1962)
study shows this beginning to happen in their analysis of hired
labor demand using different time periods. Their results show
the more recent years with smaller coefficients on the lagged
variable and increased instability of that coefficient than when
a longer series of data is used.

Without a lagged demand variable included, long-range
coefficients cannot be calculated as described earlier in this
chapter (equation 5.3). But the response to changes in explan-
atory variables cannot be expected to be instantaneous. The
estimated effects upon hired farm labor demand may take two
to three years to complete and may be altered by future changes
before completed.

These are the parameter estimates of hired farm labor de-

mand. Family farm labor is analyzed in the next section.

Family farm employment

The distinction between demand for and supply of family
farm iabor is difficult to perceive. For this reason the models
of family labor evaluated in this study are viewed as models
of family farm labor employment and not necessarily models of

demand or supply.
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Family farm employment is hypothesized as a function of the
relative returns from nonfarm and farm occupations, the un-
employment rate, the level of hired labor employment, the number
and size of farms, farmers' equity, national net farm income,
the stock of machinery, and slowly changing variables accounted
for by a time variable. Several models are developed to test
hypotheses and to estimate the quantitative effects of these
variables upon the level of family farm employment.

The number of family farm workers is estimated to decrease
as the nonfarm wage rate increases relative to the farm wage
rate (Table 5.6). Also, the national unemployment rate is
estimated to have a positive effect; as unemployment increases
the number of family workers employed on the farm is estimated
to increase. Both of these responses are expected; however, the
responses are fairly ineiastic (Table 5.7).

The short-run elasticity of family farm employment with
respect to the nonfarm to farm wage ratio is estimated to be
-0.3 and from -0.54 to -0.65 in the long-run using models
(5.32), (5.34), (5.35), and (5.36). The elasticity is esti-
mated to be -0.4 in model (5.38) and -0.5 in models (5.31) and
(5.37). The elasticity estimate is lower when the model is
estimated using logarithmic data. Models (5.39) and (5.40)

estimate the elasticity to be about -0.15.



Table 5.6. Estimates of structural coefficients for family farm

employment@
2 aob
Model S R Intercept YRt-l
5.31¢ 10,453 1.000 15,447 -1,266
(1,227) (266)
5.32 7,643 1.000 7,643 -813
(1,984) (241)
5.33 6,852 1.000 1,182
(959)
5.34 6,052 1.000 8,791 -793
(2,113) (206)
5.35 6,734 1.000 8,923 -828
(1,668) (238)
5.36 6,088 1.000 7,395 -782
q (1,672) (206)
5.37 6,781 1.000 13,041 -1,212
p (1,222) (219)
5.38 6,341 1.000 13,134 -1,055
d (1,191) (410)
5.390,€ .00016 1.000 7.76 -.16
(.57) (.07)
5.40d,e .00017 1.000 7.76 -.15
(.51) (.07)
5.41¢ .00023 1.000 3.91 -.05
. f (1.02) (.06)
5.42¢> 15,293 .992 12,481 -518
(1,081) (177)

QUniess noted, OLS procedures are used to estimate the param-
eters of the models.

bThe RZ statistic is a rough measure calculated outside of

the estimation program. The estimated error sum of squares
is divided by the corrected sum of squares of the trans-

formed dependent variable.

“This model is estimated using the AUTOREG procedure described
by Barr, Goodnight, Sall, and Helwig (1976).

dEstimated using MLIML estimators with o = 1.
®Estimated using data in logarithmic form except time.

fYR is the ratio of nonfarm to farm annual income in mode! (5.42).
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Wrt-1 U Ny Ay Bt Yart-1
3,559 144
(011) (39)
2,118 69
(827) (31)
1,090 .90
(669) (.14)
1,921 -4.8 54
(793) (4.4)  (31)
2,482 .018
(798) (.012)
2,062 67
(784) (29)
1,249 1.03 51
(979) (.32) (39)
1,537 .83 57 .01
(1,083) (.47) (41) (.02)
.02 .34 -.03
(.01) (.09) (.07)
.02 .38 .06
(.01)  (.07) (.06)
.02 11
(.01) (.05)
4,880 01
(1,721) (43)
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Table 5.6. Continued

Model Sy T Q¢4 0

5.31¢ .02 -158 .32

{.01) {10 (.17)

5.32 .002 -72 .52 -9
(.008) (19) (.10)

5.33 -24 .33 -9
(12) (.12)

5.34 -57 .43 -9
(19) (.13)

5.35 -87 .50 -9
(18) (.10)

5.36 -69 ) -g
d (16) (.08)

5.37 -127 .50

d (12) (.18)

5.38 -132 .48

d (14) (.21)

5.399:€ .03 -.03 .47

de  (-03) (.002) (.17)

5,409 -.03 .48

(.001) (.13)

5.41® -.012 .61 -9
o (.003) (.10)

5.42°%> .01 -143 .33

(.01) (10) (.17)

9The autocorrelation coefficient is not estimated for these
models. The coefficients are estimated using the original
data.



Table 5.7. Estimated elasticities of family farm employment with respect to prices and other
variables and critical unemployment levels?.

Calculated ' ob
from model: YRt"l UYRt"'l QHt Nt A t Et YAFt'l SMt v
5.31 -.49 .07 .21 .09 .36
. (.10) (.02) (.06) (.04)
5.32 -.31 .04 .10 .01 .38
(.09) (.02) (.05) (.03)
5.33C .02 .70
c (.01) (.11)
5.34 -.31 .04 -.28 .08 .41
(.03) (.01) (.26) (.05)
5. 35C -.32 .05 .06 .33
(.09) (.02) (.04)
5.36° -.30 .04 .10 .38
(.08) (.01) (.04)
5.37 -.47 .02 .35 .07 97
(.08) (.02) (.11) (.06)
5.38 -.41 .03 .28 .08 .03 69
q (.16) (.02) (.16) (.06) (.06)
5.39 -.16 .02 .34 -.03 .03 -
d (.07) (.01) (.09) (.07) (.03)
5.40 -.15 .02 .38 -.06 -€
(.07) (.01) (.07) (.06)
5.41¢4 .05 .02 11 -e
¢ {.06) (.01) (.05)
5.42 -.13 06 .29 .05 .11

(.04)  (.02) (.06) (.05)




%Flasticities are calculated using variable averages except for estimates from
logarithmic data.

bThe estimate of the critical unemployment level fis the ratio of the coefficient
on Yp to the coefficient on (UYR)t_1 multiptied by -1.0. See model (5.9).

“These elasticities are short-term. Using an adjustment model as in (5.3), the
long-term elasticities can be estimated.

dMode]s are estimated in logarithmic form; elasticities are estimated directly
as the model coefficients.

Model (5.9) is inappropriate to models using logarithmic data.

fYR is the ratio of nonfarm to farm annual income in model (5.42).

vl
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In the study by Heady and Tweeten (1963), the ratio of
nonfarm to farm annual income is used. The ratio of nonfarm
to farm hourly wage rates is not used in their analysis. In
this analysis the wage ratio does a better job of explaining
family farm employment than does the income ratio. Model (5.42)
is similar to model {5.31) except the nonfarm to farm income
ratio is used; the mean square error is larger in model (5.42)
than in (5.31). Since the mean square error is smaller with it,
the nonfarm to farm wage ratio is used more in this study.

The critical national unemployment rate is the level at
amiily labor starts to come back to agriculture from
nonfarm jobs. This can be estimated as in model (5.9). This
value is calculated by dividing the coefficient on the wage or

income ratio, Y, , by the coefficient on the product of the

R?
national unemployment rate and the wage or income ratio, (UYR),
and multiplying by -1.0. When using the wage ratio the calcu-
lated critical unemployment rates range from 0.33 to 0.41 ex-
cluding models (5.37) and (5.38); these seem unrealistically
high. In model (5.42) which uses the income ratio, the critical
unemployment rate is estimated to be 0.11; thus, if the national
unemployment rate is greater than eleven percent there is esti-

mated to be an increase in family farm employment due to lose

of jobs in the nonfarm sector.
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Although it is a small effect, the substitution of machin-
ery for labor can be seen in the negative coefficient on current
machinery expenditures. The stock of farm machinery does not
have a significant effect estimated.

National net farm income and the variation in net farm
income are estimated to have no significant effect upon the
demand for hired farm labor. Past hired labor forces are
estimated to have little effect upon current demand.

Since it is hard to distinguish between the demand for and
the supply of family farm labor, the analysis estimates the
effects of various factors upon family farm employment. The
distinction is difficult because demand and supply decisions
are made by the same people.

The number of family farm workers is estimated to decrease
as the nonfarm wage rate increases relative to the farm wage
rate. The unemployment rate has a positive effect estimated
indicating difficulty to move to nonfarm jobs.if the unemploy-
ment rate is high enough. The ratio of nonfarm to farm wage
rates explains family farm employment better than the ratio of
nonfarm to farm annual incomes.

The number and size of farms are estimated to have signif-

icant, pcsitive and negative effects, respectively, upon family
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The hired farm labor force does have a positive correlation
with family farm employment. The response is estimated to be
inelastic. This relationship is probably not so much a cause
and effect relationship but more of two effects responding to
the same stimuli.

The number and size of farms have significant effects upon
employment. The number of farms is estimated in model (5.33)
to have a positive effect that is inelastic in the short-run
and unitary in the long-run. The average acreage per farm is
estimated in model (5.34) to have a negative, inelastic effect
on employment in both the short-run and the long-run. A one
percent increase in average farm size is estimated to cause a
decrease in family employment of 0.3 percent in the short-run
and one-half percent in the long-run.

The inclusion of the number of farms causes the coefficients
on the wage ratio and the equity ratio to become unstable. Model
(5.33) is estimated without these two variables. Model (5.34) has
a lower mean square error than model (5.33), thus model (5.34)
is considered a better indicator of family farm employment than
model (5.33).

The farmers' equity ratio and national net farm income
have positive, but small, significant influences on family

employment. In preliminary work the variation in net farm in-
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come was found to have insignificant effects and was not speci-
fied in the models analyzed here.

The stock of farm machinery is estimated to have a positive
but small and not consistently significant effect upon family
farm labor. Other, slowly changing variables have a signifi-
cant negative effect on family employment over time.

However, the mobility of family labor has not increased
to the point that past levels do not affect current levels.

The Tagged Tevel of family farm employment is estimated to have
a positive, significant effect upon the current level. In most
cases the mean square error is improved when the lagged vari-
able is specified in the model.

This concludes the analysis of family farm employment. A

short summary ends the chapter.

Summary

The downward trends of farm population and employment
have been of concern to people in and out of farming for years.
In this chapter farm labor demand and employment are analyzed
for the effects of various variables.

Farm labor demand and employment is hypothesized to be a
function of net farm income, the variation in net farm income, the
farm wage rate, the ratio of the nonfarm wage rate to the farm wage

rate, the ratio of nonfarm to farm annual income, the prices
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of fuel and ¢il and machinery, all prices received by farmers,
the number and size of farms, the ratio of farmers' equity to
outstanding debt, the current stock of and expenditures for

farm machinery, and other, slowly changing variables represented
by a time variable. The demand for hired farm labor is hypoth-
esized to be a function of the level of family farm employment.
The level of family employment is hypothesized to be a function
of the hired farm labor force, as well.

These variables are used to formulate several models of
hired farm labor demand and family farm employment. These
models are estimated within a system unless the specificatioh
includes no other endogenous variables. Data is from 1946 to
1977 and 1945 for lagged variables.

Hired farm labor demand is estimated to respond inelas-
tically to changes in the farm wage rate. Hired labor demand
is estimated to be inelastic with respect to both machinery
and fuel and oil prices and to all prices received by farmers.
These elasticity estimates are higher than in previous studies;
increasing education and skills and improved communications
and transportation may have increased farm workers' mobility
between farm and nonfarm jobs.

Demand for hired Tabor is estimated to decrease as the

number of farms decreases and as the size of farms increases.
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Including the average acreage in the demand models gives a lower
mean square error than with the number of farms.

Although it is a small effect, the substitution of machin-
ery for labor can be seen in the negative coefficient on current
machinery expenditures. The stock of farm machinery does not
have a significant effect estimated.

National net farm income and the variation in net farm
income are estimated tb have no significant effect upon the
demand for nired farm labor. Past hired labor forces are
estimated to have little effect upon current demand.

Since it is hard to distinguish between the demand for and
the supply of family farm labor, the analysis estimated the
effects of various factors upon family farm empioyment. The
distinction is difficult because demand and supply decisions
are made by the same person,

The number of family farm workers is estimated to decrease
as the nonfarm wage rate increases relative to the farm wage
rate. The unemployment rate has a positive effect estimated
indicating difficulty to move to nonfarm jobs if the unemploy-
ment rate is high enough. The ratio of nonfarm to farm wage
rates explains family farm employment better than the ratio of
nonfarm to farm annual incomes.

The number and size of farms are estimated to have signif-

icant, positive and negative effects, respectively, upon family
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empioyment. The average acreage explains the employment level
better than the number of farms. Both effects are small,
however.

The equity ratio and national net farm income are esti-
mated to have small but significant positive effects upon family
employment. The stock of farm machinery is estimated to have
a small positive, but not consistently significant effect.

Other, slowly changing variables have a significant, negative
effect. Lagged family employment has a significant effect on
current employment.

The analysis of hired farm labor demand and family farm
employment includes their effect upon each other. In both
analyses, the other had a significant, positive effect. For
family employment other model specifications yield lower mean
square errors. In the analysis of hired labor demand., the
level of family employment is included in the final demand
specification. This relationship is not a true cause and
effect relationship but more 1ikely to be two complements moving
together over time in response to other stimuli.

This concludes the analysis of the structural coefficients
of agricultural labor resources. In the next chapter the demand
for operating inputs in aggregate and for several specific in-

puts is analyzed.
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CHAPTER VI. DE{AND FOR OPERATING INPUTS IN U.S. AGRICULTURE

Operating inputs are those agricultural resources which are
used up in one production period. Machinery and equipment are used
and worn but are left for another job. Labor may need rest and pay
but the workers will be ready for more work. But resources such
as fertilizer, fuel, feed, pesticides, etc., are used up in one
production period and must be purchased in future production periods.

The proportion of inputs purchased from nonfarm suppiiers has
increased greatly in the past few decades (Table 6.1). Thus, the
farmer of today is more vulnerable to input and output market
conditions and fiuctuations than the farmer of two generations
ago. Since they are purchased each production period, demand and
usage levels of operating inputs will fluctuate quickly to changes
in prices and other variables thus affecting the final production
level. This effect and the increasing use of purchased inputs
makes farmers' reactions to changes of interest to policy makers
as well as producers and suppliers of operating inputs.

Measured in 1967 dollars expenditures for operating inputs
have increased since 1945 (Table 6.2). In aggregate, operating
input purchases are 160 percent greater in 1977 than 1945 levels.
The mixture of this aggregate measure has changed also. Purchases
of fuel and oil for farm use have increased by 122 percent during
this same period; electricity, by 1,848 percent. Seed purchases rise

by 104 percent in the 1945-77 period; fertilizer and 1ime, by 300
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Table 6.1. 1Indexes of total agricultural input, purchased and
non-purchased, 1910-1977, selected years®

Total Non-purchased Purchased
Year input input input
(1967 = 100)
1910 86 158 38
1920 98 180 43
1930 101 176 50
1940 100 159 58
1945 103 151 62
1950 104 150 70
1955 105 143 76
1960 101 119 86
1965 ag 102 23
1970 100 97 102
1975 100 92 107
1977 103 88 118

4Source: (Durost and Black, 1978, p. 56-57).



Table 6.2. Expenditures for operating inputs in aggregate and by type, 1945-1977, selected years?

Fuel Fertilizer
Year All & oil Electricity Seed & 1lime Pesticides Feed

(million 1967 dollars)

1945 10,504 907 25 537 842 79 3,380
1950 12,126 1,437 52 534 1,037 152 3,316
1955 14,024 1,594 104 566 1,173 165 3,880
1960 17,435 1,508 176 583 1,344 256 4,948
1965 20,551 1,609 236 720 1,936 479 5,849
1970 24,857 1,608 310 828 2,716 957 7,949
1975 24,484 1,879 422 936 2,941 1,102 6,763
1977 27,448 2,018 487 1,094 3,364 1,212 7,441

eetl

4Calculated from data in (U.S. Department of Agriculture, Economics, Statistics, and
Cooperatives Service, (1978, p. 43)
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percent; and pesticides, by 1,434 percent. Feed purchases in 1977
were 120 percent greater than the 1945 level.

These increases in the use of operating inputs have been
caused partially by changes in prices. The aggregate price of
operating inputs relative to all prices received by farmers has
remained fairly stable (Figure 6.1). The prices of labor, machinery,
and farmland have shown a steady increase relative to all prices
received. The high crop prices of the early 1970's cause the drop
in the relative prices for those years.

The prices of individual operating inputs have changed differ-
ently from the aggregate price. This partially explains the diver-
gence in usage levels. The price of fuel and oil has increased
slightly relative to all prices received by farmers (Figure 6.2).
However the fuel and oil price has declined relative to the farm
wage rate explaining some of the substitution between fuel and labor
for farmwork. The price of electricity has fallen relative to the
prices received by farmers.

The price of seed has increased relative to prices received
by farmers for crops considerably more than the prices of fertilizer
and lime and pesticides (Figure 6.3). The past few years have
caused considerable variation. But the trends of seed prices in-
creasing and pesticide prices decreasing relative to crop prices
received by farmers are discernible. The future path of fertilizer
and lime prices relative to crop prices is difficult to predict

from the graph. The price of feed relative to prices received for
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Figure 6.1. Indices of the aggregate operating input price,
the farm wage rate, the machinery price, and the fuel and
0il price relative to all prices received by farmers, Pg/PR,
Py/Pp> Py/PR> and Pg,/Pp, respectively, 1945-1977.
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Figure 6.2. Indices of the price of fuel and oil relative
to all prices received and the farm wage rate, Pgy/Pp and
Pfo/Py, respectively, and the price of electricity relative
to alv prices received by farmers, P./Pp, 1945-1977.
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Figure 6.3. Indices of the prices of seed, fertilizer and
lime, and pesticides relative to crop prices received by
farmers, Ps/Perps Psp/Pcrps and Pc/Perp, respectively, and
the price of ?eed refatgvg to livestocE prices, Pea/PLks
1945-1977.
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l1ivestock has varied considerably in this time period but no long-
term trend is observable.

The relationship between expenditure changes and prices and
other variables is what this analysis estimates. The importance
of these price changes upon expenditure levels is estimated for
operating inputs. The influence of other variables such as the
equity ratio, net farm income, and farm size and number is also
estimated.

A1l operating inputs are grouped together for one part of the
analysis. The analysis also breaks the aggregate measure into
expenditures on fuel and oil, electricity, seed, fertilizer and
lime, pesticides, and feed. The estimation results are presented
after a short section covering the development of demand models

for operating inputs.

iilodeis of Operating Input Demand

Operating inputs have the simplest models of demand. The models
are straightforward functions of prices and other variables.
Stocks are quite small due tc annual purchases of quantities needed
for that production period, so stocks do not affect operating input
demand as machinery stocks affect machinery demand. Thus, the
reaction of operating input demand to price changes is quicker than
the reaction of machinery demand.

The human element involved in labor is missing from operating
input demand. Thus, demand for the latter inputs is hypothesized

to react quicker to changes than labor.
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As more technoiogy and inputs manufactured off-farm are used,
agricultural inputs become less dissimilar to those used in non-
farm industries. This increases the direct competition for inputs
and means the input price eguates or approximately equates the
marginal values of the input in farm and nonfarm uses.

Demand for operating inputs can be expressed as an adjustment
process. The hypothesis that it reacts quicker than labor and
machinery demand can hoid and operating input demand still take
some time to adjust tc variable changes. Institutional, physical,
psychological, and other reasons may keep a farmer from adjusting
purchases instantaneously as prices and other variables change.
Uncertainty of future changes and lack of knowledge of the production
function and its uses can cause operating demand to be fairly
static in the short-run. Hence, an adjustment model such as Model J
in Chapter II can be used in the analysis of operating input demand.

Operating input demand is hypothesized to be a function of
several variables. The prices of the input itself and its substitutes
and complements will influence input demand as will the prices
received for the products. As farm size increases, capital replaces
labor to some degree and management techniques increase the use
of some inputs over others, e.g., pesticide use increases while
mechanical cultivation declines. Average farm size and the number
of farms, since the total cropland acreage in the U.S. does not

change rapidly, can estimate input substitutions and, hence,
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demand shifts.

It is difficult to hypothesize a priori the effect upon input
demand of changes in the ratio of farmers' equity to outstanding
debt. Since operating inputs are consumed and not added to existing
stocks, the effects of changes in the equity ratio is hard to deter-
mine. Perhaps as the equity ratic declines due to machinery pur-
chases, demand for operating inputs will increase so that returns
to durable resources (e.g., machinery) may increase.

Annual net farm income is expected to have a positive influence
upon input demand. Variation between expected and actual farm in-
come should have a negative influence; as the variation increases
farmers' are less willing to extend their purchases and perhaps
suffer a loss. The demand for feed is expected to be directly
influenced by the level of national personal disposable income;
higher incomes create demand for more meat in the diet which
creates demand for more livestock and thus, feed.

In preliminary analysis, the inclusion of a dummy variable for
government income support programs produced some curious results.
From 1972 to 1974 there were no government programs in effect; in
this period net farm income and crop prices were very high due to
many factors. Consequently, investments in durable resources and
purchases of other inputs increased in this time period. Hence,
the estimated effect of government income support programs is

negative. Since it appears tc be measuring the large variances of
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the 1972-74 period rather than just the impact of government pro-

grams, the government dummy variable is dropped from further analysis.
Many other, slowly changing variables may influence the demand

for operating inputs. These are incorporated into the time variable.
These variables are used to delineate several demand models.

They are not used together in one model necessarily. The model

for the optimal level of aggregate operating input demand, Q*ot

is similar to (2.16):
* -
or = at b(PO/PR)t + c(PH/PR)t +

dA% + eSMt + fT +u (6.1)

t

which specifies demand as a function of the aggregate price, Po’ and

the farm wage rate, P, relative to the prices received, PR; the

H
average farm size, A'; the stock of farm machinery, SM; and slowly
changing variables incorporatecd into the time variable, T. #odel
(6.1) may be used as it is with the actual level of aggregate
operating input expenditures substituted for the desired level.

Actual adjustments in the usage level of operating inputs in
the current year is assumed to be a constant proportion of the

difference between the desired level in the current year and the

actual purchases during the past year:

Qot = Q-1 = 9% - Qpy) (6.2)
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By substituting model (6.1) into (6.2) an adjustment model
similar to Model J in Chapter II is developed:

Q. =29 + bg(P /P.), + cg(Py/Pp), +

dgA‘t + egSMt + fgT +

(1-9)Q,,_; + 9u; (6.3)

The long-run coefficients of (6.1) can be estimated from
(6.3) by dividing the short-run coefficients in (6.3) by the
adjustment coefficient, g, estimated from the lagged input purchase
variable.

Alternative models can be formulated by substituting other
variables for those in (6.1). Adjustment models can be developed
for these as well. Models for specific operating inputs may differ
in variable specification but not in form. The models used are
specified in the results section following the systems of models.

These models of demand for operating inputs are assumed to
be part of an interdependent system of resource markets. The
basic system for operating inputs in aggregate is specified below.

(Variables are defined after all the systems are presented.)
Qot = F((PL/PRYs (Py/PR),s (Pry/PR) s Nys Eps ) (6.4)

(Po/Pp)y = Flgy_g» Ts (Py/PR), ) (6.5)
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Qe = TUPY/PR > (P/P) s Qs S, T)

Mt
%e = FURe-1> (WRdpps Yapeors T Opeoy)
(P/PR), = FlQup» T» (Py/PR)¢ 1)

(P /P), = F((Py/PR) s (P/P) L B )

PPy = F Qs (P/PR)s Pyos To (PL/PRY, )

Mt

V. .. T, Q

Qe = T(CPy/PR) > (PU/P) o Yo 1o Ve s

Mt Mt—l)

Ny = F((Pp /PR), > (PL/PL)

H R7t-17 T N 1)

s t"

(6.6)

(6.7)

(6.8)

(6.9)

(6.10)

(6.11)

(6.12)

The specific inputs of fuel and oil are treated together and

are considered as substitutes of electricity. The basic system

for fuel and oil and electricity is given here.

Qet = FUPe/PR) s (Py/PR)cs At Yapy 15 Vigs To Qepoy)
(P/PR), = FlQgg_gs T> (Pe/PR)eo)

(Pu/PR)y = FlQyys To (Py/Pp)y_y)

(6.13)

(6.14)

(6.15)

(6.16)

(6.17)
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QFt = f(YRt-ls (UYR)t-l’ QHt’ Ts QFt-l) (6-

(pM/PR)t = f((PH/PR)t’ (PfO/PR)t’

(Py/PR)y_q> P> 7> (Pu/PR)e1) (6.
Aty = f[(PFL/PR)t_l, (P/Pa)y 15 T) (6.
(PFL/PR)t = f((P”/PR)t, (PH/PR)t’ Et’ T) (6'

Since seed, fertilizer and lime, and pesticides are inputs
in crop production, they are treated in a system together. The

basic system for these crop inputs is presented below.

Qe = T((Pe/Pepplis (Po/Pepp)is (Pc/Perplys

B> TAFt-10 To Uppgy) 02

(Pe/Pepple = T(Qfrts Qprt-1o Pres To (Per/Perple_y) (6.

Qs = F((Ps/Pepplys (Pep/Pegplys (Pe/Pegplys

A'ts Yapeo1s Veops To Qgpoy) (6.

(Ps/Pepp) = T(Qgyr Qpogs (Po/Pepp)tet) (6.

Ut = FUP/Porp)ys (Ps/Pepp)es (Per/Pegples

Eg> T» Qepoy) (6.

18)

19)

20)

21)

22)

N\
w
—~—

24)

25)

26)

27)
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(P /Pegp), = Qs Oy > T) (6.28)
Aty = FPR/P) e 1o Yarpe-10 A'toy) (6.29)
(Pp/P)), = F(Xe> Ypgo Ts (Pp/Pr) q) (6.30)

The demand for feed is treated by itself in a smaller system.

The basic system for feed demand is described here.

Qfdt = f[(Pfd/PLK)t’ (Pfd/PLK)t-—l’ Nt, Ets YDts T) (6.31)
Ny = f((PR/Pp)t, Yart-1> Ne-1) (6.33)
(ParP)y = F(Xes Yoo To (PP 1) (6.34)

These basic systems are adapted for alternative demand models.
The systems were designed around substitutes and complements using
preliminary OLS estimations and some size considerations.

The variables in the systems just presented are defined here.
The endogenous variables are presented first.

A' = the national average number of acres per farm in the U.S.
on January 1 of the current year

N = the number of farms in the U.S. on January 1 of the
current year

P. = the index of the national average price of pesticides

Pcrp = the index of the national average, aggregate price
received by farmers for crop products
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U.S. farmers' total expenditures for fertilizer and lime
for agricultural use

the number of persons in the national hired farm labor
force

= U.S. farmers' total expenditures for all farm machinery

for farm use

U.S. farmers' total expenditures for all agricultural
operating inputs in aggregate

U.S. farmers' total expenditures for seed for farm use

The exogenous variables are listed next. Two additional

variables, TA and TSQ are also listed; they are not in the basic

systems as specified but are used in later modifications.

E =

TA =
TSQ =

uy, =

the ratio of U.S. farmers' total equity to their total
outstanding debt for farming purposes

the index of the national average hourly wage rate of
all nonfarm, industrial workers deflated by the Consumer
Price Index

the stock of farm machinery on farms on January 1 of
the current year

the time variable which represents slowly changing
variabies and T = 47.0 for 1947

the national acreage for crop production

the squared value of the time variable, T

the national average unemployment rate, 0 < U <1
the product of U and YR

the three-year simple average of variaticn between ex-
pected and actual national net farm income

the national value of net agricultural exports
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the index of the national average price of electricity
on farms

the index of the average per acre value of all U.S.
farmland

the index of the national average price of feed

the index of the national average price of fuel and oil
on farms

the index of the national average price of fertilizer
and Time

the index of the national average farm wage rate

the index of the national average, aggregate price re-
ceived by farmers for Tivestock and livestock products

the index of the national average price of all farm
machinery

the index of the national average, aggregate price of
all agricultural operating inputs

the index of the national average, aggregate price paid
by farmers for all resources

tional average, aggregate price re-
or all :

s ds S ~a
commioqivies

the index of the national average price for agricuiltural
seed

U.S. farmers' total expenditures for pesticides for
crop use

U.S. farmers' total expenditures for electricity for
farm use

?he number of persons in the national family farm labor
orce

U.S. farmers' total expenditures for feed for Tivestock use

U.S. farmers' totai expenditures for fuel and oil for
farm use
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YAF = the three-year simple average of national net farm income

"

personal disposable income for the entire population,
farm and nonfarm, deflated by the Consumer Price Index

YR = the index of the ratio of nonfarm to farm national average
hourly wage rates

The subscript t denotes the current year; t-1 denotes the
year just passed. A more detailed description of these variables
and the sources of data is in Appendix A.

The variables, models, and systems presented in this section
are used to analyze the demand by farmers' for aggregate and
specific agricultural operating inputs. The results of the analysis

are presented in the next section.

Empirical Estimates of the National
Demand Functions for Operating Inputs
Estimates of the parameters of the models just described are

presented in this section. These results allow us to test hypotheses
of directional effects on operating input demand of changes in ex-
planatory variables. They also estimate the quantitative reaction
of operating input demand to changes in prices and other explan-
atory variables. With these estimates the changes in operating
input demand due to future trends and changes in U.S. agriculture
can be estimated.

The estimation procedures used to estimate the models are
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described in Chapter IIlI. Fuller's modified limited information
maximum 1ikelihood (MLIML) estimator with o = 1 is used for the
models as single equations within a system. The data used are from
1946 to 1977; for lagged variables data from 1945 is used as well.
The estimates of structural coefficients and elasticities
for operating input demand in aggregate are presented first. The
energy inputs of fuel and oil and electricity are then discussed.
The estimates of demand for the crop production inputs of seed,
fertilizer and lime, and pesticides are presented followed by the

estimates for feed demand. A short summary closes the chapter.

Operating inputs in aggregate

Aggregate operating inputs measure the total level of expen-
ditures on all operating inputs. To develop this aggregate measure,
these inputs are grouped together: feed, seed, feeder livestock,
fertilizer and lime, building repairs, fuel and oil, machinery
repairs, pesticides, utilities, custom work, machine hire, ginning,
interest on nonreal estate debt, and other miscellaneous supnlies.
These inputs are for farm use only. Those inputs analyzed indi-
vidually are included in this aggregate measure.

Demand for aggregate operating inputs is hypothesized to be
a function of the aggregate price of operating inputs, the price
of farmland and machinery, the farm wage rate, the prices received

by farmers for all products, the number and size of farms, the
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ratio of farmers' equity tc outstanding debt, net farm income, the
variation between expected and actual net farm income, and slowly
changing variables incorporated into the time variable. With
these variables various models are developed to test hypotheses
and estimate the quantitative effects of changes in explanatory
variables upon demand for operating inputs. Expenditures are mea-
sured in hundred million dollars at 1967 prices.

Changes in the aggregate price of operating inputs have
opposite effects on operating input demand (Table 6.3). The elas-
ticity of demand with respect to its own price is estimated to be
near unity or greater (Table 6.4). In model (6.37) a lower elas-
ticity is estimated but the model has a large mean square error.
Excluding model (6.37) and others with unstable coefficients the
elasticity is estimated to iie between -1.1 and -1.5. A ten percent
rise in the aggregate price of operating inputs is estimated to
cause an eleven to thirteen percent drop in aggregate demand for
operating inputs.

Heady and Tweeten (1963) estimate the aggregate demand elas-
ticity o be approximately -0.6 using least squares estimation.
Using Timited information and the average production function
estimators, they find the elasticity to be -2.3 and -1.4 in the
long-vun. 1nese estimates bracket the resuits of tnis study.

As the purchased proportion of all inputs increases, the importance



Table 6.3. Estimates of structural coefficients of demand for
aggregate operating inputs?
- anh P p b
Model s¢ RE” Intercept 9 p° H
PRt Rt-1 PRt
6.35 12.7 1.000 102 -95 -137 29
(41) (37) (57) (15)
6.36 19.0 1.000 -77 -63 46
(114) (100) (24)
6.37 20.2 1.000 92 -192
(64) (29)
6.38 15.9 1.000 -63 -113 39
(43) (29) (21)
6.39¢C .0015 1.000 5.7 -1.5 -0.6
(0.5) (0.5) (0.3)
6.40¢ .0011  1.000 1.1 -1.2 -0.3
c (3.8) (0.4) (0.2)
6.41 .0015 1.000 5.2 -.51
c (0.6) (.43)
6.42 .0010 1.000 2.6 .40
(4.7) (.22)
alln'{

Unless noted, estimates are made as single equations within
a system using MLIML estimators with o = 1, data in original
form, and corrected for autocorrelation. See text or Appendix
A for explanation of variable names.

bThe R2 statistic is a rough measure calculated outside of
the estimation program. The estimated error sum of squares
is divided by the corrected sum of squares of the trans-
formed dependent variable.

“The equation is estimated with the data in logarithmic form
except time.



152

N, Aty
.003
(.013)
.12
(.18)
77
(.55)
-.16

(.41)

-.0001
(.0011)

.0005
(.0008)

-.04
(.14)
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Model Ve g T Qpt.q o
6.35 3.6 -d
(0.4)
6.36 -.0000002 3.7 .27 .05
(.0000002)  (2.2) (.53) (.42
6.37 -.0000004 4.3 -
(.0000001)  (0.7) d
6.38 -.0000004 4.6 -
4 (.0000002)  (1.1)
6.39 -.026 .009 -d
d (.011) (.006) ;
6.40 .003 -
d (.012)
6.41 -.005 .009 .35
d (.010) (.010) (.19)
6.42 .004 -.001 .77 .08
(.007) (.008) (.34)  (.26)

Autncnrralatinn ie ineianifi
AN WW WS P e VAW LI I'ldlvlll'.

with no such coefficient.



Table 6.4.

Estimated elasticities of demand for aggregate operating inputs with respect to prices

and other variables, selected models?

Calculated P0 P P P PM
from model: 7= 0. M FL A' E Y Vi
Rt PRt-1 PRt PRt PRt-1 t t AFt-1
6.35 -.49 -.70 .12 .40 -.07
(.19) (.29) (.06) (.10) (.04)
6.37 -.98 .21 -.12 -.015
(.15) (.06) (.06) (.004)
6.38 -.58 .17 .20 .04 -.015
b (.15) (.09) (.29) (.07) (.007)
6.39 -1.48 -.62 .96 -.29 -.026
b (.49) ( 33) (.35) (.11) (.011)
6.40 -1,17 .30 .47 .19 77 -.04
b (.38) ( 24) (.23) (.16) (.55) (.14)
6.41 -.51 .49 .18 -.005
(.43) (.26) ( 12) ( 010)

AElasticities are calculated using variable averages except for estimates from logarithmic

data. Models are selected on the basis of coefficient stability and model acceptability.

bpata are in logarithmic form.
estimates.

The elasticities are estimated directly as coefficient

1] 8
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of prices is assumed to increase. Hence the more elastic response
in this study when compared to Heady and Tweeten's least squares
estimations is expected.

The effect of the farm wage rate upon demand is difficult
to determine. Both negative and positive responses are estimated.
Models (6.35) and 6.33) which use the data in original form pre-
dict a direct, but quite inelastic response. Models (6.39) and
(6.40) which use logarithmically transformed data estimate the
response to be inelastic but negative. The dilemma is not solved
by eliminating models with very unstable coefficients. The elas-
ticity of aggregate demand with respect to the farm wage rate is
estimated to be -0.6 to O.1.

The elasticity of demand for operating inputs with respect
to the price of farmland is estimated to range from 0.2 to 1.0.

dal ms - -

tiCily estimates are signifticant at a ninety percent

Tho =T
Hie cia

w

level of confidence. A ten percent rise in farmland prices is
estimated to cause an inelastic response of a two percent rise
to an almost unity response of nine and a half percent .
rise in demand; the best estimate is 4.7 percent in model (6.40).
Last year's machinery price is estimated to cause direct
shifts in operating input demand. The response is estimated to
be inelastic. A ten percent rise in machinery prices this year
is estimated to produce a four percent rise in operating input

demand next year.



156

Operating input demand response to prices received is direct.
The elasticity of demand to prices received is estimated to be 0.4
to 1.1; estimates from equations with fairly stable ccefficient
estimates range from 0.7 tc 1.1. Thus, a ten percent rise in
prices received by farmers is estimated to cause a seven to an
eleven percent rise in aggregate demand for operating inputs.

In only one model did farm size or numbers have a significant
effect upon aggregate demand for operating inputs. In model
(6.40) the demand elasticity with respect to acres per farm is
0.77; however, the strength of this estimate is shaded by the
coefficients on net farm income and time which are quite unstable.

As the equity ratio falls the demand for operating inputs
in aggregate is estimated to rise significantly but inelastically.
A ten percent fall in the equity ratio is estimated to cause a one
to three percent increase in operating input demand.

Net farm income does not have a significant effect upon oper-
ating input demand as the estimates in this study show. The vari-
ation between expected and actual net farm income is estimated to
have a significant, although small and inelastic, opposite effect
upon demand for operating inputs.

In the models using the data in original form, slowly changing
variabies have a significant and positive effect on demand over
time. However, using logarithmic data these variables had only

one significant coefficient in model (6.39).
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The lagged value of expenditures on operating inputs did not
provide satisfactory responses in these demand models. In several
cases such as model (6.36), the coefficient on the lagged variable
was very unstable. In other cases such as model (6.42), including
the lagged variable caused instability and wrong signs in the co-
efficients of other variables.

So far the analysis has been with operating inputs in aggregate.
Now this aggregate measure is split into several components. First,
the energy inputs of fuel and oil and electricity are analyzed;
second the crop inputs of seed, fertilizer and 1ime, and pesticides;

and third, feed.

Fuel and oil

Farmers' expenditures for fuel and o0il include expenditures
for crop and Tivestock enterprizes. Fuel and oil used in production,
marketing, repairs, overhead, and other farm work is counted.
Only fuel and o0il used in and for farm business is counted. The
fuel and o0il used by automobiles for farm business is included.
Demand for fuel and oil by farmers is hypothesized to be a
function of its own price, the prices of eiectricity and machinery,
the farm wage rate, the prices received by farmers for all pro-
ducts, acres per farm, total cropland acreage, net farm income,
variation between expected and actual net farm income, the stock

of farm machinery, and slowly changing variables incorporated
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into the time variables. With these variables various models are
developed to test hypotheses and to estimate the quantitative effects
of these variables upon demand for fuel and oil.

From economic theory the demand for fuel and o0il is expected
to have a negative relationship with its own price; we expect the
demand curve to be negatively sloped. Empirically, this was diffi-
cult to find. The coefficient on the fuel and oil price ratios
is usually significant but positive (Table 6.5). In model (6.44)
the fuel and o0il coefficient is negative but the wage rate and the
machinery price have coefficients with signs opposite of what is
expected for substitutes and complements, respectively. Model
(6.47) shows a negative relationship between demand and fuel and
0il price but the autocorrelation coefficient is not significant.
When model (6.47) js reestimated without the autocorrelation
coefficient, the fuel and oil price coefficient becomes nositive
and the total acreage and net farm income coefficients become
unstable. Model (6.48) shows a negative demand response to fuel
and o0il price changes but cannot be considered a demand function
because it contains no other variables. This positive coefficient
on the fuel and oil price persists when using the data in original
form and in logarithmic form.

Over the past few decades the consumption of fuel and oil has

been increasing even as its price has been increasing. Because



Table 6.5. Estimates of structural coefficients of demand for fuel

and oil1@
p p
2 s2b fo fo
Model S R Intercept 5
Prt Pt
6.43 1,153 1.000 -377 332
(307) (108)
6.44 3,468 .998 1,281 -1,259
(454) (931)
6.45 3,858 1.000 -4,225 803
(1,279) (650)
6.46 3,853 .997 -4,314 611
(3,144) (478)
6.47 4,196 .998 -20,969 -1,217
(7,175) (855)
6.48 9,243 .990 2,005 -373
(213) (174)
6.49 5,094 .996 -1,109 1,044
(468) (232)
6.50 1,781 .999 -11,339
(1,575)
6.51C .00049 1.000 .45 .14
(.46) (.06)
6.52¢ .00136 1.000 -84
(16)

%nless noted, estimates are made as single equations within a
system using MLIML estimators with a = 1, data in original form,
and corrected for autocorrelation. See text or Appendix A for
explanation of variable names.

bThe RZ statistic is a rough measure calculated outside of the
estimation program. The estimated error sum of squares is
divided by the corrected sum of squares of the transformed de-
pendent variable.

CThe equation is estimated with the data in logarithmic form
except time.
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' Pe  Pw " i Y -
Pht-1  Pat PRt PRt PRt-1 t t
-155 1.67
(111) (1.32)
-1,367 2,566
(908) (2.023)
517 7.0
(341) (5.6)
-3.7 .002
(4.7) (.003)
.018
(.006)
270 .009
(145) (.001)
.18 .17
(.07) (.07)
-.14 6.43
(.08) (1.12)
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Table 6.5. Continued

YaFt-1 Vi1 Swit T TS0 Qfpp1 P
.017 .000002 -3.6 .78 -.38
(.006)  (.000002) (9.7) (.07) (.22)
.000004)  .016  -.1 .54
(.000002)  (.007) (12.3) (.59)

.05 -.000009  .013  15.5 -.16
(.02)  (.000004) (.008) (26.1) (.40)
68.5 .61
(32.2) (.17)

.05 .69 .27
(.02) (.12) (.28)
.78
(.12)

.37 .53
(.05) (.16)

.03 .51 .61
(.01) (.06) (.17)
12 .006 .05 .012 .60 -.5
(.04)  (.005) (.04)  (.003) (.08) (.25
.00034 .51
(.00005) (.17)
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the data are national data, the level of consumption reflects the
addition of new consumers and new technologies using fuel and oil
as well as adjustment to current uses. Apparently the additional
uses of fuel and oil have increased more than present uses have
adjusted to fuel and oil price rises. While we cannot experiment
and relive economic history, we can postulate that the level of
consumption of fuel and oil may have risen to greater levels if the
price had not risen. The individual farmer will adjust to prices,
but because these are national data this adjustment is lost amidst
the influx of new technologies.

By excluding the fuel and o0ii price, the mean square error is
improved in model (6.50). The lagged machinery price has a signifi-
cant effect upon demand but it has an effect in the opposite direction
from what a complement is expected to have. In model (6.52) the
machinery price has a negative effect as expected. The elasticity
of fuel and oil demand with respect to last year's machinery price
is estimated to be 0.14 in model (6.50) and -0.14 in model (6.52)
(Table 6.6). Thus, fuel and 0il demand is expected to change very
1ittle as machinery prices change relative to the prices received
by farmers.

Stable models of fuel and oil demand have lower mean square
errors if average acreage per farm is used versus total crop acreage.
In model (6.43) the demand elasticity with respect to acreage per
farm is estimated to be 0.3; in model (6.45) the estimate is 1.4.

The demand for fuel and 0il is very elastic with respect



Table 6.6. Estimated elasticities of demand for fuel and oil with
respect to prices and other variables, selected models?

p p P

P P
fo fo fo e H M M
Model —_—
PRt  Put  Pue-1 Pre PRt PRt PRei
6.43 .19 -.08
(.06) (.06)
6.44 -.74 -.71 1.39
( 54) (.47) (.55)
6.45 .62 .40
(. 50) (.27)
6.47 -
(- 66)
6.48 -
(.1 )
6.50 .14
b (.08)
6.51 .14 .18 -.17
b (.06) (.07) (.07)
6.52 -.14
(.08)
qc1asticities are calculated using variabie averages eicept
for estimates from logarithmic data. Models are selected
on the basis of coefficient stability and model acceptability.

boata are in logarithmic form. The elasticities are estimated

directly as coefficient estimates.
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Ay  ThAg YAFt-1 Vi1 Smt
.33 .18 .009
(.26) (.06) (.007)
.019 .22
(.007)  (.10)
1.37 .56  -.040 .18
(1.09) (.22)  (.020) (.11)
13.11 .52
(3.74) (.20)
6.51 .34
(0.86) (.06)
112 .006 .05
(.04) (.005) (.04)
6.43

(1.12)
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to total acreage. These elasticity estimates range from 6.4 to
13.1; thus, a one percent rise in total acreage is estimated to
increase fuel and oil demand by six to thirteen percent with all
other variables held constant.

Net farm income is estimated to have a positive, although
inelastic, effect upon fuel and o0il demand. Excluding some models
due to unstable coefficients and wrong signs, a ten percent rise
in net farm income is estimated to cause a three to five percent
rise in fuel and oil demand. The effect of variation in net farm
income is ambiguous from the results in Table 6.6; its coefficient
is often insignificant in other models not reperted.

The stock of farm machinery is estimated to have a significant,
positive effect upon fuel and oil demand. The reaction is inelastic;
the demand elasticity with respect to machinery stock is expected
to range from 0.1 to 0.2 in the models reported.

Slowly changing variables exert a positive influence upon
fuel and oil demand. In models (6.43) and (6.44) the coefficient
on the time variable is negative but very unstable. The inclusion
of the lagged expenditures on fuel and oil gives no significant
results or caused other variables to have insignificant effects.

For the years the data cover, expenditures appear to be a
function of the total acreage covered and the slowly changing

variables such as new technologies and the adoption of new tech-
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noiogies and practices. The prices of fuel and 0il and other
inputs have had little effect upon demand. As the fuel price
rises more and as the adoption of new technologies and practices
becomes wider spread, the national expenditure level may respond
to prices in a significant manner.

In inany ways electricity is similar in its history to fuel
and oil. The level of usage has increased as the adoption and
ability to adopt new technologies and practices has spread across
the U.S. The results of the electricity analysis are presented

next.

Electricity

Expenditures for electricity includes all purchases of elec-
tricity for farm work. Only electricity used in the farm business
is counted; no home use is included.

Electrical demand is hypothesized to be a function of the
prices of electricity and fuel and oil, the farm wage rate, the
prices received by farmers, the size and number of farms, the ratio
of farmers' equity to outstanding debt, net farm income, the vari-
ation between expected and actual net farm income, and slowly
changing variables accounted for in the time variable. Various
models are formulated from these variables to test hypothesas and
to estimate the quantitative effects of these variables upon the

demand for electricity.
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Farmers' demand for electricity is interpreted differently when
the model is estimated using the data in original form than when
the model is estimated using the data in logarithmic form. HModels
(6.53), (6.54), and (6.55) are estimated using the data in original
form (Table 6.7). Models (6.56), (6.57), and (6.58) are estimated
using the data in logarithmic form.

Excluding the Tagged expenditures when using the data in
original form causes very unstable coefficient estimates and
theoreticaliy wrong signs on the price variable coefficients.

When the lagged expenditures variable is added these problems are
corrected and the mean square error improves by a factor of ten.
The estimated coefficients on the Tagged variable is greater than
one. If this were an adjustment model, the adjustment coefficient
would be negative causing the long-run coefficients to reverse
signs; the idea of electrical demand moving directly with elec-
tricity price changes causes the adjustment model to be bypassed
in favor of another model.

The models of electrical demand using the data in original
form fit the expectation model as formulated in Chapter II. In that
formulation (ilodel I) farmers behave according to expected income;
the coefficients estimated are short-run coefficients except for
the price coefficients which are long-range. The expectation

coefficient estimate will not alter the sign of the price coefficient



Table 6.7.

for electricity®

Estimates of structural coefficients of demand

o P P p
Model 52 R2D Intercept 52— Eﬂ— Pfo
Rt Rt Rt
6.53  63.5 1.000 568 -90 128
(195) (24) (30)
6.54  60.5 1.000 561 -90 129
(166) (23) (29)
6.55  83.6 1.000 400 -93 99
(417) (51) (47)
6.56C .0083 1.000 3.02 -.89 . 1.31
(1.00) (.29) (.35) (25)
6.57¢ .0082 1.000 2.04 -.73 1.43
(.46) (.25) (.23)
6.58¢ .0068 1.000 2.04 -.80 1.24
(.60) (.29) (.44)

4nless noted, estimates are made as single equations within
a system using MLIML estimators with o = 1, data in original
form, and corrected for autocorrelation.
dix A for explanation of variable names.

b

the estimation program.

See text or Appen-

The §2 statistic is a rough measure calculated outside of
The estimated error sum of squares

is divided by the corrected sum of squares of the trans-
formed dependent variable.

“The equation is estimated with the data in Togarithmic form
except time.
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At Ee  YArt-1 Vioa T Qet-1 P
.03 -.004 .0000016 -9 1.2 -.41
(.28) (.001)  (.0000004) (3) (0.1)  (.24)

-.004 -0000016 -9 1.2 -.42

(.001)  (.0000003) (3)  (0.1) (.23)

2.6 -0000008 -6 1.1 -.1
(6.0) (.0000003) (6) (0.3)  (.33)
.04 .35

(.01) (.17)

.05 231

(.01) (.17)

04 .13 .20

(.01) (.25) (.25)
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estimates but it will reverse the signs on the other variables.
Hence, the short-run, negative responses due to net farm income
and the slowly changing variables become positive in the long-run
and the price coefficients remain as estimated.

wWhen the data are transformed logarithmically the models
fit neither the expectation nor the adjustment model formulations.
The lagged expenditures variable does not exert a significant
influence on demand in model (6.58). The price of fuel and oil
exerts a significant influence upon demand for electricity when
the models are estimated using logarithmic data but not when using
the data in original form.

There are differences in the elasticity estimates depending
upon the type of data transformation used. The elasticity of demand
with respect to the price of electricity is estimated to be about
-0.5 using original forms and -0.7 to -0.9 using logarithmic forms
(Table 6.8). Thus, a ten percent rise in electricity prices is
estimated to cause a five to nine percent fall in the demand for
electricity. The elasticity of demand with respect to the farm
wage rate is estimated to range from 0.4 to 0.5; an electrical de-
mand increase of four to five percent can be expected if farm wage
rates rise by ten percent.

The demand for electricity is quite elastic with respect to

the price of fuel and oil. These are more direct substitutes so
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Table 6.8. Estimated elasticities of demand for electricity with
respect to prices and other variables, selected models®

Calculated Pe PH Pfo
from model: A' E Y Y
6.530 -.47 .50 .04 -.31 .06
b (.13) (.12) (.41) (.11) (.01)
6.54 -.47 .50 -.31 .06
b (.12) (.11) (.11) (.01)
6.55 -.48 .39 -.09 .03
X (.27) (.18) (.22) (.01)
6.56% -.89 .38 1.31
(.29) (.35) (.25)
6.57¢ -.73 1.43
(.25) (.23)

AElasticities are calculated using variable averages except for
estimates from logarithmic data. Models are selected on the
basis of coefficient stability and model acceptability.

bpata are in logarithmic form. The elasticities are estimated
directly as coefficient estimates.

CLong—run estimates for the adjustment or expectation model
can be estimated by using the coefficient on the lagged
dependent variable.



172

a ten percent rise in the price of fuel and 0il is estimated to
cause a thirteen to fourteen percent rise in the demand for elec-
tricity in the long-run with all other factors constant.

In models (6.53), (6.54), and (6.55) the elasticity of elec-
trical demand with respect to prices received by farmers for all
products is estimated to be 0.03 to 0.11 which is quite inelastic.
In model (6.57) this elasticity is estimated to be -0.7 which is
fairly elastic but it has a theoretically wrong directional effect.

Acres per farm and the farmers' equity ratio have no signifi-
cant effect on demand for electricity. This is true whether the
data are in original or logarithmic form.

Net farm income has a significant effect using the data in
original form but not in logarithmic form. In models (6.53) and
(6.54) the long-range elasticity of electrical demand with respect
to net farm income is estimated to be 1.55 which is fairly elastic.
A ten percent rise in net farm income is estimated to increase the
demand for electricity by fifteen and a half percent in the long-
run with all other factors constant. The long-run demand elas-
ticity with respect to variation in net farm income is estimated
to be -0.2 to -0.3 which is inelastic but significant.

After analyzing the general inputs of fuel and oil and elec-
tricity, the analysis of more product specific inputs is presented.
First, seed demand is analyzed and then fertilizer and lime,

pesticides, and feed.
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Seed

Farmers' expenditures for seed include only seed for crop pro-
duction. These crops include row crops, small grain crops, vege-
table and fruit crops, legume and nonlegume meadow crops and
other agricultural crops. The seed is for farm use and production
only.

Seed demand is hypothesized to be a function of the prices of
seed, fertilizer and 1ime, and pesticides relative to the prices
received for crops; the number and size of farms; the ratio of
farmers' equity to outstanding debt, national net farm income,
the variation between expected and actual net farm income, and
slowly changing variables accounted for in a time variable. These
variables are combined in various groupings to test hypotheses and
estimate the quantitative effects of changes in explanatory vari-
ables upon the demand for seed.

Specified by itself, the price of seed has a significant and
opposite effect on the demand for seed (Table 6.9). Apparently,
seed, fertilizer and Tlime, and pesticides prices are correlated
enough to cause undesirable effects on the sign of the price of
seed as in models (6.59) and (6.60). In models (6.63) and (6.64)
the short-run elasticity of demand with respect to seed price is
estimated to be ~0.45 and -0.44, respectively, by assuming an
adjustment model (Table 6.10). These two long-run estimates fit

well with the long-run estimate of -0.43 in model (6.62) thus



Table 6.9. Estimates of structural coefficients of demand for seed?
i P P P
Model s2 R2D Intercept 5 Pfr PC
CRPt CRPt ' CRPt
6.59 1,954 .997 307 535 -350  -152
(591) (213) (185) (184)
6.60 1,847 .995 187 542 -467
(388) (179) (152)
6.61 712 .999 -2,390  -199
(752)  (99)
6.62 631 .998 -3,648  -308
(647) (120)
6.63 748 .999 -1,117  -169
g (244)  (107)
6.64 .00156 1.000 2.44  -.10
(1.37)  (.11)
6.654 .00179 1.000 2.69 -.10
(.86) (.20)
6.664 .00162 1.000 2.02
(1.30)

a . . . ‘el
Unless noted, estimates are made as single equations within a

system using MLIML estimators with o = 1, data in original

form, and corrected for autocorrelation.

for explanation of variable names.

See text or appendix

bThe §2 statistic is a rough measure calculated outside of the
The estimated error sum of squares is

estimation program.

divided by the corrected sum of squares of the transformed de-
pendent variable.

CAutocorrelation is insignificant so the model is reestimated
with no such coefficient.

dThe equation is estimated with the data in logarithmic form

except time.
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Ny t Bt Yarta Vi1 T Q5.1 P
69 7.6 .000002 2.8 .10
(2.60) (22.1) (.000001)  (19.3) (:23)
1.4 -.003 000003 130
(0.8) (0.12) (.000002) (-27)
.15 .015 -.000003 38 28 .22
(.07) (.006) (.000001)  (11) (-23) (.33)
27 .010 -.000003 56 64
(.07) (.006) (.000001)  (8) (-20)
-1.7 .019 -.000004 31 47 ¢
(1.1) (.005) (.000001)  (9) (.15)
-.33 .016 76 -.25
(.21) (.008) (.13) (.19)
.21 -029 .70
(.08) (.003) (.12)
-.23 -012 78 -.34
(.19) (.007) (.12) (.18)
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Table 6.10. Estimated elasticities of demand for seed with respect
to prices and other variables, selected models?

Calculated P

S 3
from model: pCRPt Nt A t YAFt-l Vt-l
6.62 -.43  1.54 .24 -.03
(.17)  (.42) (.16) (.01)
6.63° -.24 -.76 .45 -.04
: (.15) (.50) (.12) (.01)
6.64P5C 2.10) 2.33)
.11 .21
6.66P>C -.23
(.19)

dflasticities are calculated using variable averages except
for estimates from logarithmic data. Models are selected
on the basis of coefficient stability and model acceptability.

bLong-run estimates for the ddjustment or expectation model
can be estimated by using the coefficient on the iagged
dependent variable.

Cpata are in logarithmic form. The elasticities are estimated
directly as coefficient estimates.
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reinforcing the assumption of the adjustment model. A ten percent
rise in seed prices with all other variables held constant is es-

timated to create a one to two percent fall in seed demand in the

short-run and a four to a four and one-half percent fall in demand
in the long-run. Seed demand is thus fairly inelastic in response
to seed price changes.

Since the seed price enters the model as a ratio with the
prices received for crops by farmers, effects of the same magni-
tude but opposite direction are estimated. The elasticity of seed
demand with respect to prices received for crops is estimated to
be 0.1 to 0.2 in the short-run and 0.43 to 0.45 in the long-run.

A ten percent rise in crop prices is estimated to cause a four to
four and one-half percent rise on seed demand in the long-run with
all other factors constant. The demand for seed is inelastic in
response to crop price changes. The equal but reverse response

to seed price is due to the restrictions placed on the model.

Since Heady and Tweeten (1963) analyzed seed demand, the price
of seed has become a significant factor in the demand for seed.

In their analysis Heady and Tweeten found both seed price and

prices received to have no significant effect upon seed demand.
The inelastic but significant effect estimated in this analysis
is expected since the data are from recent years when a larger

proportion of seed is purchased rather than produced on the farm.
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The demand for seed is estimated to have an elastic response
to changes in the number of farms and to acres per farm in the
long-run. A ten percent decline in the number of farms is esti-
mated to cause a fifteen percent decrease in seed demand. A ten
percent rise in the average acreage per farm is estimated to cause
a ten to fourteen and one-half percent fall in the demand for seed.
These estimates assume that all other conditions are stable.

The estimate of demand response to changes in net farm income
varies with the model formulated. In all cases the effect is direct,
significant, and inelastic. In model (6.62) the demand elasticity
is estimated to be 0.2; in model (6.63) the elasticity is estimated
to be 0.45 in the short-run and 0.8 in the long-run. The variation
in net farm income has a very inelastic but opposite effect upon

seed demand. A ten percent increase in net income variatic

3

y is

estimated to cause less than a one percent decline in seed demand
in the Tlong-run.
Seed is the start of all crop production. Fertilizer and lime

which help the seed grow are analyzed next.

Fertilizer and lime

Fertilizer and 1ime contribute to the productivity of the soil
and are complements of each other so they are grouped together in
this analysis. Only farmers' expenditures for fertilizer and lime

for use in crop production are counted. These crops include row
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crops, small grain crops, vegetable and fruit crops, legume and
nonlegume meadow crops, and other agricultural crops.
The demand for fertilizer and lime is described as a function
of its own price and the prices of seed and pesticides relative
to the prices received for crops, the number and size of farms,
the ratio of farmers' equity to outstanding debt, national net
farm income, the variation between expected and actual net farm
income, and other, slowly changing variables accounted fTor by the
time variable. These variables are used to develop several models
to test hypotheses and estimate the quantitative effects of changes
in explanatory variables upon the demand for fertilizer and Time.
The response of fertilizer and 1ime demand to changes in its
own price is estimated to be opposite in direction (Table 6.11).
Using the data in the original form the response is estimaited to
be elastic; using logarithmic data the response is estimated to be
inelastic (Table 6.12). Using the original data the elasticity of
demand with respect to its own price is estimated to range from
-1.0 in model (6.68) to -1.5 in model (6.71). With logarithmically
transformed data the demand elasticity is estimated to be -0.4
in the short-run and -0.56 in the long-run using model (6.77) as
an adjustment model and -0.55 in the long-run in model (6.74).
The elastic responses may be true for past years as fertilizer

prices dropped relative to crop prices and more and more farmers



Table 6.11. Estimates of structural coefficients of demand for
fertilizer and 1ime?

D O O O O

. P P
Model 52 sz Intercept Pfr T;i_——
CRPt CRPt
.67 11,987 .996 2,180 -2,433 1,567
(2,122) (770) (756)
.68 9,143 .997 -994 -2,042 903
(895) (287) (334)
.69 13,712 .992 2,624 -3,381 1,978
(2,269) (956) (851)
.70 13,002 .996 2,062 -2,736 1,800
(2,193) (545) (668)
.71 15,120 .996 6,361 -3,039 2,225
(6,403) (647) (995)
6.72 12,092 .996 1,887 -2,611 1,826
(1,291) (344) (405)
6.73 10,053 .997 963 -1,884 927
c (5,867) (1,260) (1,105)
6.74 .0019 1.000 6.23 -.55 .36
c (1.05) (.10) (.14)
6.75 .0019 1.000 4.70 -.57 .23
10,82} .18 {.13)
6.76C .0023 1.000 2.96 -.66 .61
c (4.47) (.13) (.23)
6.77 .0017 1.000 5.61 -.40 .36
(1.17) (.12) (.13)

3Unless noted, estimates are made as single equations within a
system using MLIML estimators with a = 1, data in original form,
and corrected for autocorrelation. See text or appendix for
explanation of variable names.

PThe R? statistic is a rough measure calculated outside of the
estimation program. The estimated error sum of squares is
divided by the corrected sum of squares of the transformed
dependent variable.

“The equation is estimated with the data in logarithmic form
except time.



Table 6.11. Estimates of structural coefficients of demand for
fertilizer and 1lime?

. P P
Model 52 sz Intercept Pfr PS
CRPt CRPt
6.67 11,987 .996 2,180 -2,433 1,567
(2,122) (770) (756)
6.68 9,143 .997 -994 -2,042 903
(895) (287) (334)
6.69 13,712 .992 2,624 -3,381 1,978
(2.269) (956) (851)
6.70 13,002 .996 2,062 -2,736 1,800
(2,193) (545) (668)
6.71 15,120 .996 6,361 -3,039 2,225
(6,403) (647) (995)
6.72 12,092 .996 1,887 -2,611 1,826
(1,291) (244) (405)
6.73 10,053 .997 963 -1,884 927
c (5,867) (1,260) (1, 105)
6.74 .0019  1.000 6.23 -.55
(1.05) (.10) (. 14)
6.75¢ .0019  1.000 4.70 -.57 .23
(0.83) (.14) (.15)
6.76% .0023 1.000 2.96 -.66 .61
(4.47) (.13) (.23)
6.77¢ .0017 1.000 5.61 -.40 .36
(1.17) (.12) (.13)

4Unless noted, estimates are made as single equations within a
system using MLIML estimators with a = 1, data in original form,
and corrected for autocorrelation. See text or appendix for
explanation of variable names.

bThe R? statistic is a rough measure calculated outside of the
estimation program. The estimated error sum of squares is
dividaed by the corrected sum of squares of the transformed
dependent variable.

CThe equation is estimated with the data in logarithmic form
except time.



181

p p
C fr 1
Perpe Praves Ne o A Ev Vape1 Viq
_316 -173 009  .00001
(334) (60)  (.0306) (.00001)
-114 .04
(40) {.01)
-181 201 .00002
(61) (.04) (.00001)
-149 201 -000001
(53)  (.03)  (.000001)
-.43 -134 -000015
(.56) (56) (-000007)
5.9  -127 -000013
(6.1) (52) (.000004)
.06 -126 - 000008
(.47) (62) (-000012)
-83 .12 -023
(.13) (.11) (.013)
-.01 M T T
(.10) (.13) (.09)
.88 =65 .043
(91)  (.20) (.014)
- 67 1026
(.14) (.009)




Table 6.11. Continued

Model T ert-l
6.67 30 .31
(24) (.25)
6.68 65
(11)
6.69 35 -.21
(26) (.28)
6.70 28
(27)
6.71 -21
(76)
6.72 -6
(44)
6.73 30 .27
c (53) (.36)
6.74 .021
c (.005)
6.75 .028
c (.005)
6.76 .001
c (.020)
6.77 011 .278
(.006) (.173)




Table 6.12. Estimated elasticities of demand for fertilizer and lime with respect to
prices and other variables, selected models®

galcu]ated Pfr PS Pc
rom model: N A’ E Y '}
Perrt Perpt  Perpt t t t AFt-1 t-1
6.67 118 .82 -.17 .70 .08 .04
(.37) (.39) (.23) (.24) (.26) (.03)
6.68 S99 .47 Z.46 .36
(.14) (.17) (.16) (.09)
6.70 21,33 .04 2160 :.08 .05
(.26) (.35) (.21) (.30) (.03)
6.71 21,48 1.16 .93 Z.54 106
(.31)  (.52) (1.20) (.22) (.03)
6.72 -1.27° .95 .96  -.51] 105
b (.17) (.21) (1.00) (.21) (.02)
6.74 2550 .36 - 83 12 102
(.10) (.14) (.13) (.11) (.01)
6.77b,c 2200 .36 .67 03
(.12) (.13) (.14) (.01)

qlasticities are calculated using variable averages except for estimates from
logarithmic data. Models are selected on the basis of coefficient stability and
model acceptability.

bData are in logarithmic form. The elasticities are estimated directly as

coefficient estimates.

CLong-r‘un estimates for the adjustment or expectation model can be estimated
by using the coefficient on the lagyed dependent variable.

€81
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adopted fertilizing practices. But the inelastic responses may be
more accurate as the adoption process nears complietion and national
levels reflect a full or nearly full adoption of fertilizing practices.

In a1l these models the seed price coefficient is estimated to
be positive indicating that seed and fertilizer and T1ime are sub-
stitutes. Again there is a difference in estimates between the
original data and logarithmically transformed data; the same reasons
hold for accepting the two ranges. Using the original data the
elasticity of demand with respect to the price of seed is estimated
to range from 0.5 to 1.2; using transformed data, from 0.4 to 0.5
in the Tong-run. The elastic responses may be affected by unstable
coefficients so the response is estimated to be inelastic.

The demand elasticity with respect to crop prices is positive
but quite Tow. It is estimated to be 0.1 in model (6.77) and up to
0.5 in model (6.68). A ten percent fall in crop prices is estimated
to cause a one to five percent fall in the demand for fertilizer
and lime.

In their study Heady and Tweeten (1963) estimate the elasticity
of fertilizer and 1ime demand with respect to its own price to be
-0.5 and with respect to prices received, 0.5. Their estimates are
very close to the estimates in this study using logarithmic trans-
formations but are less than those using original data. This study
estimates the response in fertilizer and 1ime demand to be more

inelastic with respect to crop prices than Heady and Tweeten's
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estimate with respect to all prices received.

The number and size of farms do not have significant effects
upcn fertilizer and 1lime demand.

The demand for fertilizer and lime responds negatively to
changes in the farmers' equity ratio. This gives support to the
hypothesis that farmers will increase their use of operating inputs
as their debts increase relative to equity. If a farmer buys more
land or new machinery, this negative coefficient indicates that the
demand for fertilizer and Time increases to increase production,
and thus returns to the additional land or machinery. The estimates
cf the elasticity of demand with respect to the equity ratio range
from -0.45 to -0.85; thus with a ten percent decrease in the equity
ratio, demand is estimated to rise by four and a half to eight and
a half percent.

The impact of net farm income is insignificant in some models
but not all models. When the coefficients are significant the
elasticity is estimated to be 0.36. Thus, if income does change,
demand for fertilizer and lime responds inelastically if it
does respond at all. The variation in net farm income has a pos-
itive impact upon fertilizer and lime demand but is not significant
in all models. Demand response to changes in net farm income
variation is estimated to be quite inelastic whether the coefficient
is significant or not.

When the coefficient is stable, slowly changing variables do
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have a positive and significant effect upon fertilizer and 1lime
demand as shown in the coefficients on the time variable. Thus,
psychological, institutional, and other factors are apparently
changing to increase the demand for fertilizer and lime.

Only in model (6.77) do the lagged expenditures have a signif-
icant coefficient. In several other models this variable is in-
significant. Evidently, demand for fertilizer and lime is flexible
as are most of the operating inputs.

After analyzing farmers' demand for seed and fertilizer and
lime it is fitting to analyze the demand for pesticides which
decrease competition for the economic crop. The results of that

analysis are next.

Pesticides

Pesticides are herbicides, insecticides, fungicides, and other
chemicals used in the soil or plants to minimize the effects of
weeds, crop predators, and plant diseases. Only farmers' expen-
ditures for pesticides applied in crop production are used in this
study. The crops included are row crops, small grain crops,
vegetable and fruit crops, legume and noniegume meadow crops, and
other agricultural crops.

The demand for pesticides is hypothesized to be a function
of its own price and the prices of fertilizer and 1ime and seed
relative to the crop prices received by farmers; the size of farms;

the ratio of farmers® equity to outstanding debt, national net
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farm income, the variation between expected and actual net farm
income, and other, slowly changing variables represented by the
time variable. These variables are used to develop several models
to test hypotheses and estimate the quantitative effects of changes
in explanatory variables on the demand for fertilizer and 1ime.

Once again the correlation between the prices of seed, ferti-
lizer and Time, and pesticides causes problems of instability and
theoretically wrong signs on the pesticide price coefficients.

When specified as the only price, the pesticide price is estimated
to have a significant negative effect on pesticide demand (Table
6.13). The lagged pesticide price is estimated to have a positive
effect and is dropped from further analysis. The demand for pesti-
cides with respect to its own price is estimated to be elastic;

it ranges from -1.1 in model (6.84) to -1.6 in model (6.83).

(Table 6.14). A ten percent rise in pesticide prices is estimated
to Tower pesticide demand by eleven to sixteen percent.

Several models have unstable coefficient estimates and are
excluded from further analysis. The models using logarithmic data
proved hard to formulate to give stable estimates of all coefficients.

The effect of average farm size is difficult to discern. 1In
several models the coefficient estimates are unstable; when the
estimates are stable, the estimate is positive in some models and

negative in others. The demand for pesticides is estimated to be



Table 6.13. Estimates gf structural coefficients of demand for

pesticides
R P p
Model 52 sz Intercept Pc Pc
CRPt CRPt-1
6.78 2,127 .997 -45 219
(488) (175)
6.79 7,619 .981 2,604 -130
(1,869) (409)
6.80 8,530 .978 -~1,494 109
(903) (352)
6.81 6,635 977 -2,175 -748
(775) (260)
6.82 8,012 .967 -2,042 -800 310
(830) (284) (228)
6.83 8,573 .964 -2,234 -844
(787) (295)
6.84 5,983 .968 -4,656 -575
c (1,595) (234)
6.85 .015 1.000 6.0 -.35 -.47
(2.1) (.57) (.42)
6.86C .013 1.000 16.5 -.09
(5.1) (.23)

3Unless noted, estimates are made as single equations within
a system using MLIML estimators with o = 1, data in original
form, and corrected for autocorrelation. See text or appen-
dix for explanation of variable names.

bThe R2 statistic is a rough measure calculated outside of
the estimation program. The estimated error sum of squares
is divided by the corrected sum of squares of the transformed
dependent variable.

CThe equation is estimated with the data in logarithmic form
except time.
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P p
fr B N Al E Y v
-717 375 -26
(158) (188) (14)
-1,894 1,811 4.4 -73 -.03 .00001
(508) (597) (4.4) (41) (.03) (.00001)
-1,345 -5.6 =20
(323) (3.4) (37)
-4.3 .02 -.000005
(5.5) (.02) (.000003)
7.5 .05 -.000005
(1.2) (.02) (.000004)
.04 -.000008
(.02) (.000004)
.39 -34 -.000002
(.16) (35) (.000002)
1.08 -1.3
(.47) (.4)
-2.4 -1.59
(0.9) (.41)




Table 6.13. Continued
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Model T Qet-q P
6.78 8 .66 -.09
(7) (.12) (.20)

6.79 -39 .29
(41) (.31)

6.80 81 .23
(19) (.26)

6.81 72 .45
(35) (.16)

6.82 .59
(.14)

6.83 48 .56
(7) (.19)

6.84 72 .81
c (16) (.20)
6.85 .018 .23 .09
c (.022) (.21) (.24)
6.86 .06 .47 -.13
(.02) (.16) (.19)




Table 6.14. Estimated elasticities of demand for pesticides with respect to prices and
other variables, selected models?®
Calculated P P P
from model: Pc pfr Ps Ny A' Viq
CRPt CRPt CRPt t
6.79 -.24 -3.29 3.37 2.55 .18
(.77) (.88) (1.11) (2.59) (.11)
6.81 -1.41 -2.50 -.07
(.49) (3.23) (.06)
6.83 -1.59 -.11
(.56) (.05)
6.84 -1.08 2.97 -.02
(.44) (1.24) (.03)

qElasticities are calculated using variable averages except for estimates from

logarithmic data.

model acceptability.

Models are selected on the basis of coefficient stability and

161
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very elastic with respect to the number of farms in model (6.84)
but this may be wrong due to two unstable estimates in the same
model. Hence, the number and size of farms do not have a large
impact on pesticide demand.

The equity ratio also appears to have no significant effect
upon pesticide demand. The coefficient estimate is consistently
negative but is insignificant or may be affected by other insignif-
icant variables.

Pesticide demand does increase as national net farm income
increases. It is not always significant but when other variables
in the model have stable coefficient estimates net farm income
has a stable, positive effect. In model (6.83) in which all vari-
ables have stable coefficient estimates, the elasticity of pesticide
demand with respect to net farm income is estimated to be 1.3.

From this a ten percent rise in net farm income is estimated to
raise pesticide demand by thirteen percent. The variation in net
farm income is estimated to have significant negative inelastic
effects upon pesticide demand.

When the effect is significant, slowly changing variables
increase the demand for pesticides. The lagged pesticide expend-
itures produced theoretically wrong signs on the price variable and
were thus dropped from further analysis.

Pesticides are the final specific crop input to be analyzed.

The results of the analysis of feed demand are presented next.
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Feed

Farmers' expenditures for feed includes feed for beef cattle,
swine, sheep, dairy cattle, and poultry for slaughter, replacement,
and breeding. Feed for horses and mules doing farm work is in-
cluded also.

The demand for feed is hypothesized to be a function of its
own price. The number and size of farms, the ratio of farmers'
equity to outstanding debt, the national personal disposable in-
come, the national net farm income, the variation between expected
and actual net farm income, and other, slowly changing variables
accounted for by the time variable. These variables are combined
into several models of feed demand to test hypotheses and estimate
the quantitative effects of changes in explanatory variables.

Changes in the price of feed cause changes in the opposite
direction in demand for feed (Table 6.15). These responses are
inelastic in the short-run and near unity in the intermediate
term (Table 6.16). Excluding those models with unstabie coefficients
the short-range elasticity is estimated to range between -0.35
and -0.7 and the intermediate-range elasticity ranges between -0.6
and -1.0. A ten percent rise in feed prices with ali other factors
constant is estimated to cause a three and one half to seven per-
cent reduction in feed demand in the short range and a six to ten
percent reduction in the intermediate range. In model (6.89)

the long-range elasticity is estimated to be -0.9, that is, a ten



Table

6.15. Estimates of structural coefficients of demand for feed®

N P P
Model 52 sz Intercept ﬁfg——- Pfd
LKt LKt-1
6.87 46,319 .997 9,653  -2,630 -2,711
(5,321) (1,014) (510)
6.88 32,765 .999 16,105  -2,281 -2,096
(3,783) (707) (482)
6.89 64,215 .999 12,726  -3,632
(4,651) (697)
6.90 33,737 .999 1,342  -2,207 -1,550
(1,794) (708) (530)
6.91 69,976 .996 21,866  -3,717 -1,891
(9,135)  (1,405) (727)
6.92¢ .00069 1.000 25 -.31 -.31
c (3) (.12) (.09)
6.93 .00081 1.000 25 -.36 -.27
c (4) (.13) (.09)
6.94 .00220 1.000 28 -.71
(7) (.17)

dUnless noted, estimates are made as single equations within a
system using MLIML estimators with o = 1, data in original form,
and corrected for autocorrelation. See text or appendix for
explanation of variable names.

bThe R2 statistic is a rough measure calculated outside of the

estimation program. The estimated error sum of squares is
divided by the corrected sum of squares of the transformed
dependent variable.

“The equation is estimated with the data in logarithmic form
except time.
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A' E

v

t t t Dt AFt-1 t-1
-1.2 156 .04 -.000003
(0.6) (89) (.06) (.000011)
-1.5 189 .008
(0.4) (75) (.002)

-1.1 150 .006
(0.4) (100) (.003)

31 162 .003

(7) (67) (.002)
-1.4 .008 00001
(0.6) (.004) (.00001)
-2.1 .42 .06 -.014
(0.3) (.10) (.07) (.007)
-2.1 .41 .14
(0.3) (.11) (.19)
-2.3 .48 .07
(0.6) (.19) (.30)
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Table 6.15. Continued

Mode] T Qg1 0
6.87 68 .63
(54) (.13)
6.88 -87 .30
(62) (.22)
6.89 -65 .25 -
(74) (.14) d
6.90 -69 -
(49)
6.91  -147 .52
¢ (121) (.29)
6.92 -.013 .00
. (.007) (.18)
6.93 -.021 .
c (.008) (.20)
6.94 -.019 -.07 .18
(.011) (.21) (.33)

dAutocorre]ation is insignificant so the model is reestimated
with no such coefficient.



Table 6.16.

Estimated elasticities of demand for feed with respect to prices and other

variables, selected models?

%a]cu]age? Pfd £d '
rom model: —— N A E Y Y v
6.87 -.49 -.51 -.86 .21 .11 -.003
(.19) (.10) (.44) (.12) (.17) (.015)
6.88 -.43 -.39  -1.07 .26 .66 :
b (.13) (.09) (.26) (.10) (.20)
6.89 -.68 -.84 .21 .47
(.13) (.33) (.14) (.27)
6.90 -.41 -.29 1.8 .22 .26
(.13) (.10) 0.4) (.09) (.15)
6.91 -.70 -.35 -1.03 .70 .02
c (.26) (.14) (.47) (.30) (.01)
6.92 -.31 -.31 -2.1 .42 .06 -.014
(.12) (.09) (0.3) (.10) (.07) (.007)
6.93¢ -.36 -.27 -2.1 .41 .14
(.13) (.09) (0.3) (.11) (.19)

% lasticities are calculated using variable averages except for estimates from logarithmic

data.

Models are selected on the basis of coefficient stability and model acceptability.

bLong-run estimates for the adjustment or expectation model can be estimated by using the
coefficient on the lagged dependent variable.

Cpata are in logarithmic form.

estimates.

The elasticities are estimated directly as coefficient

L6T
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percent rise in feed price is estimated to cause a nine percent
decrease in the demand for feed.

Since the ratio of feed price to prices received for iive-
stock is used, it is assumed that the two prices have proportionally
equal but opposite effects upon feed demand. A ten percent rise in
livestock prices relative to the feed price is estimated to cause
a three and a half percent rise in feed demand in the short-range,
six to ten percent rise in the intermediate range, and nine percent
in the long-range if all other variabies are constant.

Heady and Tweeten's (1963) estimate of the short-run feed
demand elasticity with respect to feed price is -1.0. This is
greater than the ~0.35 to -0.7 estimated in this study. Even the
long-range estimate is less elastic than their estimate. The
estimate of the demand elasticity with respect to 1ivestock prices
is also less than the estimate by Heady and Tweeten. The U.S.
demand for meat may have grown more inelastic in recent years which
would explain this decrease in elasticity of feed demand.

As the number of farms decreases and the size of farms increases,
feed demand is estimated to increase. The demand response is
estimated to be elastic with respect to changes in the number and
size of farms. In model (€.89) the estimate of the short-range
demand elasticity with respect to the number of farms is -0.34

and the long-range elasticity is estimated to be -1.13. The
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estimated elasticity with respect to farm numbers is -1.1 in

model (6.83) and -2.1 in models (6.92) and (6.93). The feed demand
elasticity with respect to farm size is estimated to be 1.8 in
model (6.90). The response in feed demand to a ten percent re-
duction in the number of farms with ali other factors constant

is estimated to be an eleven to twenty-one percent increase in

the long-range. If the average farm size increases by ten percent,
the demand for feed is estimated to increase by eighteen percent
provided no other variables change.

The demand for feed is the only operating input analyzed in
this study that is estimated to have a direct but inelastic response
to changes in the equity ratio. The coefficient on the equity
ratio is positive and significant in all models of feed demand in
this study whether the other variables are stable or not. The de-
mand elasticity with respect to the equity ratio is estimated to
be between 0.21 and 0.26 in the models using data in original form
and about 0.41 in the models using logarithmically transformed
data. Thus, with a ten percent “increase in the equity ratio feed,
demand is estimated to rise two to four percent.

In model (6.91) the equity ratio is excluded from the model
specification. This causes no instability in the other f<oefficient
estimates and the elasticity estimates fall in the ranges of other
estimates. However, the mean square error does increase signif-
icantly suggesting the importance of the equity ratio in explaining

feed demand.
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The nickname of hogs as the "mortgage payers" may cast some
doubt on the cause-effect relationship betwzen the equity ratio
and feed demand. Increasing profitability of livestock production
may increase the demand for feed and improve the equity ratio as
well. However, it is also common to hear of farmers abandoning
livestock production for cash grain farming once they can afford
to financially avoid the work associated with livestock. This
latter example would indicate a negative coefficient on the equity
ratio in models of feed demand. The former hypothesis is supported
by results of this study.

The effect on feed demand of national personal disposable
income is significant in those models using original data but is
insignificant in models using logarithmically transformed data.

In either set of medels the response of feed demand with respect
to disposable income is quite inelastic. It is estimated to be
between 0.25 and 0.7 in models (6.88), (6.89) and (6.99).

The effect on the demand for feed of national net farm income
is estimated to be insignificant with both original and logarith-
mically transformed data. The response in feed demand to changes
in the variation between expected and actual income is very in-
elastic and significant only when using logarithmically trans-
formed data.

Slowly changing variables represented in the time variable

exhibit an effect that is not significant in every model of feed
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demand. Except in model (6.87) the coefficient is negative. When
using logarithmically transformed data (except for the time variable)
the effect of these slowly changing variables is significant.

Last year's expenditures for feed is estimated to have a
significant effect on current expenditures in model (6.89) but
not in all models using original data. When the data are logarith-
mically transformed as in model (6.94), the lagged expenditure is
not significant. The improved mean square error without lagged
expenditures indicates a model such as (6.1) is better fitting than
an adjustment or expectation model.

The demand for feed is the last specific operating input to
be analyzed. To end this chapter the results of the analysis

presented is summarized.
Summary

Farmers' national demand for operating inputs is analyzed in
this chapter. Operating inputs are those agricultural resources
which are used up in one production period. Aggregate demand for
all operating inputs and demand for specific inputs are analyzed
by econometric methods to estimate quantitative effects and to
test hypotheses of explanatory variable importance.

Since 1945 the level of farmers' expenditures for operating
inputs has increased. Specific inputs have increased more rapidly
than others but all operating inputs analyzed in this chapter have

increased in use since 1945. The reasons for this change in use
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are analyzed in this chapter.

Prices and other explanatory variables are discussed; their
potential impacts are hypothesized. Potential models of demand
are presented and discussed. The basic system of equations for
each input or input group is given; these basic systems are adopted
as necessary for other demand models.

The parameters of the models are estimated using Fuller's
modified Timited information maximum likelihood estimator with
a = 1. Autocorrelation is corrected for as needed. The data
used are from 1946 to 1977.

The demand for operating inputs in aggregate is analyzed first.
From this aggregate measure several specific inputs are pulled out
and analyzed separately. The specific inputs are fuel and oil,
gisctiicity, seed, fertilizer and lime, pesticiaes, and feed. The
results of these analyses are summarized here.

The aggregate demand and all the individual demands except
fuel and oil respond negatively and significantly to changes in
their own prices. The prices received for crops and Tivestock
exert a positive influence upon demand for all the operating
inputs analyzed.

The elasticity of aggregate demand for operating inputs with
respect to its own price is estimated to be near unity or greater.

The demand elasticity is estimated to be between -1.1 and -1.5.

A higher elasticity than Heady and Tweeten's (1963) estimate (-0.6)
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is expected since a larger proportion of inputs is purchased from
nonfarm sources. The effect of the farm wage rate is difficult
to determine; significant but inelastic responses are estimated
with both direct and opposite responses.

The aggregate demand elasticity with respect to the average
value of U.S. farmland is estimated to be about 0.5. Last year's
machinery price is estimated to have a positive, inelastic effect
upon aggregate demand; this elasticity is estimated to be between
0.2 and 0.4. Aggregate demand response to prices received is
estimated to have an elasticity of 0.7 to 1.1.

Average farm size and the number of farms are estimated to
have an inelastic effect on aggregate demand if any effect. Aggre-
gate demand responds negatively and inelastically to changes in
the equity vatic. Tne variation in net farm income has a signif-
icant opposite, although inelastic, effect upon aggregate demand.
Using the original data, slowly changing variables have a positive
effect. The lagged value of expenditures does not have a significant
effect on aggregate demand.

Not very many models of fuel and oil demand estimate a negative
reaction to the fuel and o0il price. Those models which did are
not acceptable for other reasons. The increase in total consumption
has been great enough to overpower any adjustments by individual
users to rising fuel and o0il prices. The mean square error im-

proves when the fuel and 0il price is deleted from those models
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using original data. The demand for fuel and oil is inelastic to
changes in last year's machinery price; this response is significant
but the direction is difficult to evaluate from the models estimated.

Including average farm size in fuel and 0il demand models
results in lower mean square errors than including total crop acreage.
Net farm income is estimated to have a positive, inelastic effect
upon fuel and oil demand as is the stock of farm machinery. Slowly
changing variables do have a positive effect upon demand. The
lagged expenditure level does not have a significant effect or
causes instability in other coefficients.

The demand for electricity is inelastic with respect to its
own price; the elasticity is estimated to bte from -0.5 to -0.9
depending upon the model specification. The elasticity of demand
with respect to the farm wage rate is estimated to be fairly in-
elastic; it is quite elastic with respect to the price of fuel and
0oil. Prices received by farmers have a fairly inelastic effect
upon electrical demand.

Net farm income has a significant, long-range elastic effect
upon the demand for electricity using the original data but no
significant effect when using logarithmic data. Income variation
has a negative, inelastic effect.

The elasticity of seed demand with respect to its own price
is estimated to be -0.45 in the long-run. There is a fairly in-

elastic demand for seed with respect to crop prices also. The
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demand for seed is estimated to have an elastic response to changes
in the number of farms and acres per farm in the long-run. Net
farm income influences seed demand in a direct but fairly inelastic
manner. The effect of income variation is negative and very in-
elastic.

The demand for fertilizer and lime is estimated to be elastic
and inelastic with respect to its own price depending on using
the data in original or logarithmic form, respectively. The seed
price is estimated to have an inelastic positive effect upon fer-
tilizer and Time demand. Crop prices are estimated to have a pos-
itive but very inelastic effect upon demand. Changes in the equity
ratio cause opposite and inelastic responses in fertilizer and
T1ime demand. Net farm income is estimated to have a small positive
effect as does income variation; these effects were not signifi-
cant in all models. Fertilizer and 1ime demand is quite responsive
to current prices and variables and the Tagged expenditures is
significant in only one model.

The demand for pesticides with respect to its own price is
estimated to be -1.1 to -1.6; this is a fairly elastic response.
Pesticide demand is also estimated to have positive unitary or
greater elasticity with respect to net farm income. Income variation
is estimated to have a negative but inelastic effect upon pesticide
demand.

Feed demand is estimated to respond negatively to the feed
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price; the response being inelastic in the short-run and near unity
in the intermediate-run. The price of livestock has a direct but
inelastic effect upon feed demand. The feed demand response is
estimated to be elastic with respect to changes in the number and
size of farms; the response is opposite and direct for the number
and size of farms, respectively.

The equity ratio has a significant, positive, and inelastic
relationship with feed demand but the cause and effect relation-
ship is hard to discern. National personal disposable income
exerts a positive but quite inelastic influence upon feed demand.
The mean square error improves when lagged feed expenditures is not
included in a model specification; thus, feed demand is more
responsive to current and last year's values than to a longer range
view.

This finishes the analysis of operating input demand. The
effects of prices and other variables have been estimated. In most
situations the coefficient estimates were as expected but some
differences were found. These results can be used to estimate the
effect of changes in the explanatory variables upon the demand for

aggregate or specific operating inputs.
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CHAPTER VII. PREDICTIONS OF AGRICULTURAL
RESOURCE USE IN 1990

The future structure and organization of agricultural re-
sources in the U.S. is never known with certainty. Will the future
consist of a few, very large farms using very capital intensive
management practices? Will the future consist of many small farms
using human labor and animal-power intensive practices? Or will
the future lie somewhere inbetween these extremes? Or are there
alternatives that we have not discovered or contemplated. These
quastions are never answered with certainty but people always are
interested in attempts to answer them.

Many people close to agriculture are interested in what
organization and structure agriculture will have in the future.
While they are directly affected by and concerned about farm-
level factors, farmers are interested in future changes and the
potential effects upon their operations. Input suppliers need
to make long-range plans for building plants and researching
new ideas and practices. Rural communities are interested in
what the future community needs will be as the number of farms
and workers change. Product processors and handlers need
to know whom they will be buying from: many, small operators
needing local market facilities or few, large operations needing
regional market facilities. Agricultural policy makers also

need to know predictions of the future to help formulate policy
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for future needs.

In the first part of this study the structural coefficients
of demand are estimated within a system for machinery and building
and land improvements in Chapter IV, farm labor in Chapter V, and
operating inputs in Chapter VI. These estimates show how respon-
sive demand is to prices of the specific input and its substi-
tutes and complements, to other variables, and to net farm income.
These structural estimates are useful to estimate demand response
to current conditions and variable changes and also can be used
to estimate reduced form equations to predict resource organ-
ization in the future. However, reduced form equations calculated
from structural equations may be adversely affected by specifi-
cation errors in the structural equations.

To avoid prediction error due to specification error in the
structural equations, the reduced form equations are estimated

directly. The reduced form equations of the system

svt +TX, = u, (7.1)
are Yt = nxt + Vt (7.2)
where T = -8'1T
_ -1
Ve = B7U¢

and B is a (GXG) matrix of coefficients of current endogenous

variables, T is a (GXK) matrix of coefficients of predetermined
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variables, m is a (GXK) matrix of reduced form coefficients, and
Yt, Xt, Ugs and Vt are column vectors of G, K, G, and G elements
of endogenous variables, predetermined variables, structural
disturbances, and reduced form disturbances respectively. In
this study the reduced form coefficients in (7.2) are estimated
directly with data from 1946 to 1977 and are used to predict
future agricultural resource organization.

By using the reduced form equations, effects of future changes
in structural coefficients cannot be estimated explicitly. That
is, the effect of an increasing price elasticity cannot be esti-
mated by changing the structural coefficient and reestimating the
reduced form coefficients. The assumption or prediction of in-
creasing price elasticity would have a large error connected with
it or would require an extensive analysis of farmers' tastes
and preferences. For this study the error associated with such
a prediction is too large to accept and an analysis of tastes and
preferences is beyond the scope of this study. Thus, direct
estimation of the reduced form coefficients is done in this study.

A problem with forecasting is the question of drastic changes
in the future. It is one thing to estimate the effect of in-
creasing fuel prices; it is something else to drastically reduce
the supply of fuel or impose stringent soil loss controls,
pesticide restrictions, and other environmental regulations.

For these effects normative studies are needed; positive studies
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such as this one cannot cope with new occurrences unless assumptions
are made about the unknown effect.

With the reduced form estimates two methods are used to project
the resource structure in 1990. First, as several lagged endogenous
variables are included as predetermined variables, the projections
are made yearly from 1977 to 1990 with the projections for one
year being used as the lagged variables of the next year. Second,
only exogenous variables are used to project endogenous resource
use in 1990. The exogenous variables are predicted to 1990 by
simple, linear time trends estimated from the same time period as
the reduced form estimates. These assumptions form the basis of the
projections listed as Alternative I. Alternatives II and III assume
that future structural changes will cause the reduced form esti-
mates to underestimate and overestimate, respectively their pro-
Jections by ten percent. When only exogenous variables are used
to project, Alternatives II and III underestimate and overestimate
the exogenous projections.

These procedures and assumptions are used to predict future
U.S. agricultural resource organization in 1990. For the first
method, the inputs or resources are specified with’n systems and
the reduced form models then estimated. For the second method,
the exogenous variables in the system are specified and the pro-
jection models estimated using only the exogenous variables. The
systems and reduced form and projection models are presented in

the next section; the predictions in the section following that.
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Reduced Form Models

For direct estimation of the reduced form coefficients the
inputs analyzed in the three previous chapters are specified in
four systems of equations. Two methods are utilized to project to
1990. The current endogenous variables in each system are regressed
upon the predetermined variables in that system to obtain the
reduced form coefficient estimates in the first method. In the
second the current endogenous variables are regressed upon only
the exogenous variables in that system. The second method is
used if the first method results in outrageous projections to
1990.

Farmers' expenditures for machinery and building and land
improvements are grouped with hired and family farm labor and
~farmers' expenditures for fuel and oil and electricity for farm
use. The average number of acres per farm at the end of the year
and the current input prices are also included as endogenous
variables. These endogenous variables are regressed upon lagged
farmers' expenditures for building and land improvements, fuel
and oil, and electricity, the lagged number of family farm workers,
the average farm size at the beginning of the year, and the lagged
prices of machinery, building and fencing materials, farm labor,
and fuel and oil, all relative to the lagged prices received by
farmers. The exogenous variables included in this first system

are current values of total cropland acreage, farmers' ratio of
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equity to outstanding debt, the price of metals and metal prod-
ucts, the nonfarm wage rate, and the stock of farm buildings;
lagged values of national net farm income, variation between ex-
pected and actual net farm income, the nonfarm to farm wage ratio,
and that ratio multiplied by the national unemployment rate; and
time variables consisting of the last two digits of the year and
the square of the time variable.

Farmers' expenditures for operating inputs in aggregate are
grouped with these current endogenous variables: hired and family
farm labor, average farm size in acres and the prices of aggre-
gate operating inputs and machinery, the farm wage rate, and the
per acre value of U.S. farmland, all relative to the prices re-
ceived by farmers. The lagged endogenous variables within the
system are family farm labor, average farm size, and aggregate
operating input price, farm wage rate, and machinery price, all
relative to all prices received by farmers. The exogenous vari-
ables include the farmers' equity ratio, the nonfarm to farm
wage ratio, that ratio muitiplied by the national unemployment
rate, the nonfarm wage rate, and a time variable consisting of
the last two digits of the year.

The crop input system consists of farmers' expenditures for
seed, fertilizer and lime, and pesticides, the prices of each
relative to prices received for crops, the number of farms in the -

U.S., and the index of the ratio of all prices received to all
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prices paid by farmers. These current endogenous variables are
regressed upon the lagged values of all eight endogenous vari-
ables and the exogenous variables to obtain the reduced form
estimates. The exogenous variables included in the system are

the farmers' equity ratio, national net farm income, the variation
between expected and actual net farm income, the nonfarm wage rate,
an index of U.S. agricultural exports, national personal dispos-
able income, and a time variable consisting of the last two digits
of the year.

Feed expenditures by all farmers is specified together with
the feed price relative to lijvestock prices, the number of farms,
and the index of the ratio of all prices received to all prices
paid by farmers. The lagged endogenous variabies are the number
of farms and the two price ratios. The exogenous variables are
the farmers' equity ratio, national net farm income, an index of
U.S. agricultural exports, national personal disposable income,
and a time variable consisting of the last two digits of the
year.

The first two systems project unreasonable values using the
reduced form models of the first method. Hence, for these two
systems the second method of using only the exogenous variables
for projecting is used. The last two systems yield reascnable
projections using the first method. The first method is preferred
if the results are reasonable because of the loss of information

wnen lagged endogenous variables are deleted from the model.
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The estimates of the coefficients of these models used in
projecting resource use are in Appendix B. The estimated time
trend equations for the exogenous variables are in Appendix B.
With these estimates the organization and use of agricultural
resources can be predicted to 1990. These predictions are in the

next section.

Predictions to 1990

The task of predicting the far future is always accompanied by
large erroi in those predictions. In this study econometric models
of agricultural resource use predict the usage levels in 1990.

Even though these models explain most of the variation in the
years from which data are collected, the error increases as pro-
jections fall outside of the range of observations. Future un-
measurable shocks add greater uncertainty to these projections.
Error in predicting the predetermined variables compounds the
error in projecting the endogenous variables.

The projection error due to uncertainty of future unexperienced
conditions and their effects upon resource use is unknown. For
example, the bureaucratic rationing of gas in agriculture has not
been experienced in the data years of this study or even anytime
when agricultural fuel use has been at its present levels. The
effect of this rationing upon the substitutes and complements of
fuel cannot be estimated by the models in this study. The effects
of mandatory soil loss controls and other new features cannot be

estimated by models in this study either.
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To estimate the sensitivity of the endogenous variable pro-
jections to errors in predicting the predetermined variables, two
alternative projections are made. The predictions of predeter-
mined variables are adjusted up and down by ten percent and new
projections of the endogenous variables are made.

Under Alternative I exogenous variables are predicted by
linear time trends and the alternative and reduced form models are
used to project to 1990. Alternatives II and III should be used to
view the sensitivity of individual resource projections; Alternatives
IT and III should not be used for comparison between resources. To
analyze these projections, Alternative I is used to compare the
relative resource mix projections and Alternatives II and III are
used to estimate the sensitivity of individual resource projections.

Expenditures for farm machinery in 1990 are projected to be
4.6 billion dollars (1967 value) (Table 7.1). This is eighteen
percent greater than the 1977 level and eight percent greater than
the 1970 Tevel. This projection is quite sensitive to the pre-
dictions of exogenous variables; a ten percent variation in the
latter predictions causes an eighty-seven percent variation in
machinery expenditure projections. Assuming that national net
farm income continues to decline slowly or remains fairly steady,
machinery purchases by farmers are predicted to rise by fifteen
to twenty percent by 1990 from the 1977 level.

Farmers' expenditures for building and land improvements are
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Table 7.1. Projections of farmers' expenditures for machinery,
building and land improvements, fuel and oil, elec-
tricity and aggregate operating inputs; and the levels
of hired and family farm labor in 1990 under alter-
native assumptions@

1990 Projections:

Past levels Alternatives
Resource 1970 1977 i I1 II1
{(million 1967 dollars)

Machinery 4,270 3,896 4,595 8,591 599
Building & land

improvements 1,659 1,965 2,052 800 3,303
Fuel & oil 1,608 2,018 2,027 2,391 1,663
Electricity 310 487 597 512 681
Hired laborP 1,175 1,296 894 752 1,036
Family TaborP 3,348 2,856 2,152 2,369 1,934
Aggregate
operating inputs 24,857 27,448 35,365 38,599 32,131

aDue to unrealistic results from reduced form models these
projections are from regressions on exogenous variables

only.

BThousands of persons.
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projected to increase as well. Improvements expenditures in 19990
are projected to increase by four percent from the 1977 level under
Alternative I compared to an eighteen percent increase in machinery
expenditures. The projection of expenditures for improvements is
quite sensitive to the predictions of exogenous variables. Under
Alternatives II and III a ten percent error in exogenous predictions
is estimated to cause a sixty-one percent change in projections of
expenditures for improvements. Under conditions of slowly falling
national net farm income and farmers' equity ratio, expenditures
for improvements are predicted to increase slightly, approximately
five percent, by 1990.

The rate of increase in improvements expenditures is less
than the increase in machinery expenditures so the machinery to
building and land improvements ratio is expected to increase from
1977 to 1990. Future production is estimated to need more machinery
and less buildings and land improvements such as terraces and
irrigation equipment. Since these are aggregate measures of machinery
and improvements, substitutions within these categories cannot be
predicted, but in aggregate the use of machinery will increase rel-
ative to the use of improvements for future production in the U.S.

Prediction error of the exogenous variables causes less
variation in absolute and proportional terms in the projections of
expenditures for building and land improvements than in the pro-
jections of machinery expenditures. Underestimation of predicted

values of exogenous variables causes the projection of machinery
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expenditures in 1990 to be larger and the projection of expenditures
for improvements to be smaller than the projections made using the
unadjusted exogenous predictions; overestimation causes the opposite
effects. The inverse reactions to variations in exogenous vari-
ables are interesting. The effect of a future rate of decline in
national net farm income being slower than the present rate of
decline would be a larger increase in machinery expenditures and

a smaller increase to perhaps a decrease in expenditures for im-
provements. Hence, future production would be usihg even more
machinery relative to building and land improvements.

Energy use on the farm is expected to increase by 1990 but
not in the same proportions as machinery expenditures. Assuming
the Tinear predictions of the exogenous variables, farmers' ex-
penditures for fuel and oil in 1990 are projected to be less than
one percent greater than the 1977 level and twenty-six percent
greater than the 1970 level. Under the same assumptions 1990
expenditures for electricity increase by twenty-three percent
from 1977 levels and ninety-three percent from 1970 levels.

A ten percent variation in the predictions of exogenous
variables causes an eighteen percent difference on projections of
fuel and o0il expenditures and a fourteen percent difference in
projections of electricity expenditures. Under Alternative III,
which assumes the linear trends overestimate the exogenous predictions

by ten percent, expenditures for fuel and oil in 1990 are projected
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to decline by eighteen percent from 1977 levels lnder all three
alternatives the use of electricity is projected to increase by
1990. 1If Alternative II is true, fuel and 0il expenditures are
projected to increase proportionally more than electricity ex-
penditures.

Assuming the present trends in the exogenous variables to
continue, the total farm labor force is projected to decline by
twenty-seven percent or about one million people by 1990 since
1977. Proportionately, the hired farm labor force is estimated
to decline more, thirty-one percent, but in absolute numbers the
family labor force is projected to decline more between 1977 and
1990. Using the linear trends for the exogenous variables the
number of family workers in 1990 is projected to be just over
two million persons and the hired labor force, about nine hundred
thousand persons.

Varying the exogenous time trends by ten percent varies the
projections of the hired labor force by sixteen percent and the
family Tabor force by ten percent. In all three alternatives the
hired and family labor forces are projected to decline from 1977
levels. Underestimation of the exogenous predictions result in
higher projections in the family labor force and lower projections
in the hired labor force. Overestimation causes the opposite
results.

The substitution of machinery for labor is projected to continue.
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Under Alternative I farmers' expenditures for machinery in 1990

is projected to be eighteen percent larger than the 1977 level

while the total labor force is expected to decline by twenty-

seven percent. Hence, if no exogenous shocks occur the machinery/
labor ratio is projected to increase in the future and U.S. agricul-
ture will become more and more dependent upon capital technology

to produce.

Farmers' expenditures for all operating inputs are projected
to increase in all three alternatives for 1990. Under Alternative
I the expenditures are estimated to be twenty-nine percent greater
in 1990 than in 1977. A ten percent variation in the predictions
of the exogenous variables causes a nine percent variation in the
projection of expenditures for operating inputs in aggregate.
These projections show the continuing trend towards purchased
inputs and away from farm-produced, nonpurchased inputs.

Projections for 1990 of farmers' expenditures for the crop
inputs analyzed in this study are fairly stable and indicate an
increase over 1977 levels (Table 7.2). Expenditures for seed are
projected to increase by nine percent between 1977 and 13990.

The projections do change between alternatfves but only about
eight percent. Only under Alternative III do projected seed

expenditures decrease and then by less than one percent. Seed
expenditures are projected to increase the least of the three

crop inputs analyzed.
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Table 7.2. Projections of farmers' expenditures for seed, fer-
tilizer and lime, pesticides, and feed and the number
of farms in the U.S. in 1990 using reduced form models
under alternative assumptions

1990 Projections:
Actual levels Alternatives
Resource 1970 1977 I 11 II1

(million 1967 dollars)

Seed 828 1,094 1,189 1,286 1,084
Fertilizer

& Time 2,716 3,364 4,529 4,424 4,306
Pesticides 957 1,212 1,882 1,824 1,851
Livestock feed 7,949 7,441 9,814 8,234 11,140
Number of farms® 2,902 2,680 1,050 1,501 810

4Thousands of farms at the end of the year. These estimates
are from the livestock feed system.
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Farmers' expenditures for fertilizer and 1ime are projected
to have the largest absolute increase of the crop inputs. Fertilizer
and Time purchases are predicted to be about 4.5 billion dollars
(1967 value) in 1990, a thirty-five percent increase from 1977.
Projections of fertilizer and 1ime expenditures under Alternatives
IT and III are estimated to vary less than five percent from the
projection under Alternative I.

Since a large percentage of cropland was already fertilized
in 1977, the projected increase to 1990 must come from other causes.
Increasing knowledge of crop response to fertilizer and 1lime may
cause farmers to apply rates closer to the optimal level. New
crop varieties may increase the productivity of fertilizer and
lime thus increasing the demand for these inputs.

Pesticide expenditures are projected to have the largest
proportional increase between 1977 and 1990 of the three crop inputs.
The projection under Alternative I is fifty-five percent larger
than the 1977 level. Projections under Alternatives II and III are
estimated to vary by three percent from Alternative I. Total
expenditures for pesticides by farmers in 1990 are projected to
be just under two billion dollars {1967 value) if present trends
continue. The relatively large increase in the use of pesticides
is due to the continual development of new pesticides and the continual
substitution of pesticides for other inputs in the resource mix.

Expenditures for feed are projected to increase by thirty-



223

two percent between 1977 and 1990. The projections under Alter-
natives II and III vary by sixteen percent from the projection in
Alternative I. Increased feed purchases in 1990 also indicate an
increase in consumer meat demand since feed demand is derived from
meat demand.

The number of farms is projected to decline drastically by
1990. Under Alternative I a decrease of sixty-one percent is
estimated; under Alternative II, a forty-four percent decrease;
and under Alternative III, a seventy percent decrease. The histor-
ical decline in the number of farms is predicted to continue. The
level of inputs is predicted to increase per farm; even labor is
predicted to increase per farm in 1990 since the projected decline
in farm numbers is greater than the projected decline in farm

workers.

Summary and Implications

The future levels of resource use are of interest to many
people close to agriculture. In this chapter models are developed
to predict these future levels of resource use. With these pre-
dictions, farmers and agribusinesses can plan for the future and
its predicted needs and policy makers have a better knowledge of
what lies in the future and how best to guide and shape policies
for the future.

Although reduced form models are estimated for the four systems

analyzed, two sets of these models project unreasonable values for
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1990. For these two sets, models using only exogenous variables
are estimated and used to project resource use in 1990. For the
systems of crop inputs and livestock feed the reduced form models
perform well and are used for projecting resource use.

The use of all purchased inputs is predicted to increase
while Tabor employment and the number of farms are predicted to
decrease. The mix of resources is projected to change between 1977
and 1990 as well. Capital continues to substitute for labor but
the Tabor force is projected not to decline as fast as the number
of farms does.

The l1evel of machinery expenditures is projected to increase
by eighteen percent between 1977 and 1990 under Alternative I.
The machinery increase is greater than the four percent projected
for expenditures for building and land improvements for the same
period. This difference indicates a shift or substitution of
machinery for improvements.

Farmers' expenditures for energy are projected to increase
by five percent by 1990. Most of this increase comes from the
twenty-three percent increase projected for electricity use since
fuel and oil expenditures are projected to increase by less than
one percent. These projections show a fairly constant expenditures
for fuel and 0il to 1990 and increasing use of electricity. This
leveling off of fuel and oil demand is projected to occur without

governmental intervention nor without the large o0il price increases
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of the most recent years. The increase in the use of electricity
relative to fuel and oil predicts an increasing demand for ad-
ditional electrical power plants.

The stable expenditures for fuel and oil coupled with the
projected increase in machinery purchased indicate increasing
energy efficiency in farm macnhinery. This efficiency may come from
the machines being more efficient or from more efficient use of
the machinery decreasing use per acre. These projections are made
without assuming any government intervention to reduce fuel usage;
the projections indicate what lies in the future as agriculture
adjusts its resource mix to the economic environment. These pro-
Jections show U.S. agriculture adjusting to the current energy
situation by itself.

Projections of farmers' expenditures in 1990 for seed, fer-
tilizer and lime, pesticides, and livestock feed are higher than
1977 levels. Except for seed expenditures under Alternative III
the expenditures for these three inputs are projected to increase
from 1977 levels in all alternatives. Expenditures for seed are
predicted to rise by nine percent between 1977 and 1990; fertilizer
and Time expenditures, by thirty-five percent; pesticide expend-
itures, by fifty-five percent; and feed expenditures, by thirty-
two percent.

Even though expenditures for these inputs are projected to

increase, the 1990 mix of the three crop inputs is different from
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the 1977 mix. Expenditures for seed are projectec
smallest in absolute terms and to decrease relative to both fert-
ilizer and lime and pesticide expenditures. The ratio of pesticide
to fertilizer and 1ime expenditures is projected to increase from
0.36 in 1977 to 0.41 in 1990. Expenditures for fertiiizer and lime
are projected to remain the largest item in 1990 of these crop inputs.

The crop input supply sector of U.S. agriculture should expect
to supply more of all three inputs, and to increase production of
pesticides relative to fertilizer and 1ime relative to seed. How-
ever, these projections cannot predict the effect of governmental
intervention. If rulings restrict the pesticide supply, farmers'
expenditures for seed and fertilizer and 1ime may increase relative
to pesticide expenditures.

Fertilizer and Time expenditures are projected to increase
relative to farm machinery expenditures and both are projected to
increase above 1977 levels. This shift in importance indicates
future production will be accomplished with greater fertilizer and
lime input relative to the machinery input. The projected increase
in pesticide expenditures relative to machinery expenditures in-
dicates the trend of substituting chemical for mechanical pest
control to be continuing.

Since expenditures for feed are projected to increase while
farm numbers are projected to decline, the future livestock farm

is predicted to continue to increase in size. This is a continuation
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of present trends towards larger livestock operations. Increased
feed purchases in 1990 indicate an increase in consumer meat
demand.

Farmers' expenditures in 1990 for all operating inputs are
projected to increase by twenty-nine percent over the 1977 level;
all alternatives project an increase to 1990. The projected increase
in the use of all operating inputs relative to machinery may reflect
two conditions. The price of machinery is increasing relative to
all prices received by farmers, thus the need to raise the marginal
productivity of machinery. Also, the productivity of operating
inputs may be increasing and (or) farmers are adjusting operating
input usage up to optimal levels.

The farm labor force is projected to decrease by twenty-seven
percent or slightly more than one million people between 1977 and
1990. The 1990 work force is projected to include just over three
million people: slightly more than two million family workers and
about nine hundred thousand hired workers. Proportionally the hired
farm labor force is estimated to decline more than the family labor
force but family labor is projected to decline the most in absolute
numbers.

From these projections U.S. agriculture is estimated to continue
in the trend of utilizing capital-intensive technology. Machinery
purchases and expenditures for all operating inputs are projected

to increase relative to the 1990 projected farm labor force.
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Whether this trend of capital for labor substitution continues
in the face of rising energy prices and potential cutbacks in energy
supplies is not estimated in this study.

The number of farms is projected to decrease by sixty-one
percent Trom 1977 to just over one million farms in 1990. QObviously,
this large decrease causes all projected inputs to increase per
farm. Even labor is projected to increase per farm: from about
one and one-half workers per farm in 1977 to about three workers
per farm in 1990. Increases in machinery expenditures will not
keep pace with the decline in farm numbers; machinery expenditures
per farm worker are projected to increase but not enough to maintain
the present worker per farm ratio.

For communities the loss of farm workers and the decline in
farm numbers means a decline in demand for community services and
a potential decaying of the present community. However, the projected
increase in workers per farm is an indication that demand for some
comnunity services will not decline as fast as farm numbers. Med-
ical, educational, and other personal services may not decline as
rapidly as farm numbers but Tocal commercial services may suffer.

As farms become fewer and thus larger, local markets may be bypassed
in favor of regional markets. Hence, indirectly, these projections
of resource use project a decrease in demand for local services in
agricultural and nonagricultural areas.

These predictions are based on the assumption that present

trends in the conditions surrounding agriculture will continue.
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They do not predict what changes may occur if shocks previously
unknown {e.g., fuel rationing) would occur in the future.
Predictions are needed so planners and policy-makers can
prepare for the future. With these predictions directions of move-
ment in resource use can be estimated. Then plans and policies

can be formulated to prepare for and (or) change the future.
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CHAPTER VITI. SUMMARY AND IMPLICATIONS

The structure and mix of resources used in U.S. agriculture
is analyzed in this study. Resource structure is used in this study
to refer to the mix of resources used, the size and number of farms,
and the demand, supply, and production functions of agriculture.

The structural coefficients, the parameters of the demand, supply,
and production functions, determine the structural organization of
agriculture, the mix of resources and the size and number of farms.
The structural organization of agriculture is physical ard directly
measurable; the structural coefficients are discernible as under-
lying, intrinsic relationships.

This study estimates part of the resource structure of U.S.
agriculture. The factors affecting the demand for resources and
groups of resources at the national level are analyzed by econo-
metric methods. The significance, magnitude, and direction of the
impact of these factors is determined. Elasticities of demand with
respect to various variables are calculated from this analysis.

When they are available, past elasticity estimates are compared
to present estimates.

The analysis of national demand for resources is broken into
three main sections: machinery and building and land improvements,
labor, and operating inputs. Farm labor is divided into its hired
and family portions for analysis. In addition to analyzing aggregate

derand for operating inputs, the separate categories of seed, fert-
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ilizer and Time, pesticides. feed, fuel and 0il, and electricity
are analyzed.

The second major part of this study projects the future mix
or structure of agricultural resources at the national level in
1990. From this analysis future movements and changes in the
resource structure are predicted. Potential effects and (or)
problems that may occur under the projections are pointed out and

discussed.

Models of Resource Structure

Prior to the analysis several models of resource demand and
investment are presented and discussed. The variables used in
model formulation and the reasons for including them are reviewed.

Prices of resources and products have an important part in
resource structure analysis. Prices determine the optimal mix
of resources to be used; other variables explain deviations from
these levels. Net farm income is used to estimate returns to
durable resources and expectations of future financial capabilities;
income will often determine the variation from the optimal resource
level. Equity is used as an indicator of debt payment capacity
and as an estimate of ability to weather hard financial times.

The nonfarm/farm income and wage ratios are used to explain

farm employment. Higher ratios cause workers to try to find non-
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farm jobs. Unemployment may keep a worker from moving and is used
to capture this effect.

Average acreage per farm and the number of farms are included
in models to capture the effect of size upon resource demand.
Lagged stocks and expenditures are used because of the tendency
to repeat last year's practices and to develop other models of
resource demand. HMany other variables affect resource demand
over time but these may change so slowly that incorporating them
together into a time varijable is the practical approach.

These variables are used to develop several models of resource
demand and investment. Input-output and input-input price ratios
are used with other variables.

Expectétion and adjustment models are developed. One expecta-

ion model assumes that the expected change in income for the current
year is proporticnal to the error made in estimating income last
vear; this assumption is incorporated into a simple model and the
expectation model is formulated. The adjustment model used in this
analysis assumes a Koyck or geometrically declining distribution

of coefficient values; for annual data as used in this analysis

this is not too restrictive an assumption. A constant adjustment
rate between optimal and actual resource levels is used to develop
the adjustment model.

Risk is included in this analysis by estimating the variation
between expected and actual income. This variation is used as

another variable determining demand. It is assumed to have a damp-
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ening effect upon resource demand and invesiment.
The models presented in Chapter II are general in nature.
They are adopted to fit the needs of individual resource demand

analysis.

Statistical Procedures

The selection of the statistical procedure appropriate to the
goals of the analysis and the problems and conditions encountered
in the analysis is just as important to econometric analysis as
is the correct specification of the economic model. For the first
part of this study the structural coefficients are estimated; in
the second part projections of future resource levels are estimated.
These two goals use two different statistical procedures.

Resource demand is assumed to be interdependent within resource
groups. Autocorrelation may be present in the error terms also.
Hence, a system approach that corrects for autocorrelation is
needed to estimate the structural coefficients. Several Monte
Carlo studies show itwo-stage least-squares (2SLS) to have the best
characteristics in terms of both bias and mean square error but
is quite sensitive to high degrees of correlation between the in-
dependent variables; the limited information maximum 1ikelihood
estimator is not as sensitive to correlations between independent
variables. Fuller's (1977b) modified Timited information maximum

likelihood estimator (MLIML) is selected over 2SLS for use in this
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study due to the probability of correlations between independent
variables in this study and the ability to select for asymptotically,
nearly unbiased estimates. Fuller (1978) describes a procedure for
correcting for autocorrelation in one equation within a system by

a one-step Gauss-Newton procedure.

To project values of endogenous variables two methods are
available. First, the structural equations may be estimated and
used to calculate the reduced form models. Second, the reduced
form models may be estimated directly. This latter procedure is
used in this study, thus avoiding possible specification error in
the structural equations. Projections are made from estimates of
the predetermined variables using the reduced form models.

Empirical Estimates of National
Resource Demand Functions

The structural coefficients of demand for resources by farmers
are estimated by the statistical procedures outlined in the
previous section. General models of demand and investment are
discussed briefly in this chapter and more fully in Chapter II;
these general models are used to develop specific models for the
resource being analyzed.

Agricultural resource demand is analyzed on the national
level. Data are from 1946 to 1977 with 1945 for lagged observations.

The analysis is done on several resources and groups of re-

sources. Investments in machinery and in building and land im-
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provements are analyzed separately in Chapter IV. Farm employ-

ment is divided into hired labor and family labor and analyzed

in Chapter V. The demand for operating inputs in aggregate is
analyzed and then the separate categories of fuel and oil, electrictiy,
seed, fertilizer and 1ime, pesticides, and livestock feed are analyzed
in Chapter VI. A more detailed summary of the empirical results

is in each of these chapters; a brief summary of the estimates and

implications is given here by resource.

Machinery

Farm machinery includes tractors, trucks, and automotiles for
farm use; planting, harvesting, and tillage equipment; and other
mechanical equipment used in the farm business. Several formulations
of machinery demand models are used to achieve theoretically correct
signs on the prices in those models.

Farmers' demand for machinery is estimated to be elastic with
respect to the current machinery price in the long run. The long-
run elasticity of machinery demand with respect to the machinery
price is estimated to be between -1.0 and -1.4; the short-run
own price elasticity is estimated to be -0.4. Since price ratios
are used, machinery demand is estimated to be elastic with respect
to all prices received by farmers and with respect to the farm wage
rate.

Previocus estimates indicate the machinery demand elasticity
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with respect to the machinery price to be increasing over time.
Machinery is now an integral part of the farm business replacing
horses, and machinery stocks have been built up. The greater
response to prices may be a reflection that machinery purchases
are now adjustments rather than additions to the stock level.
Higher general education levels of farmers and better knowledge
of machinery production functions also increase demand's respon-
siveness to price changes.

Machinery demand is quite responsive to total crop acreage.
The elasticity of machinery demand with respect to total acreage
is estimated to be 0.9. If a ten percent land set-aside program
is implemented as an overall, national policy, machinery demand
is estimated to derline by nine percent if all other factors are
constant. So machinery dealers may be hurt under such a policy
even though it is meant to raise farm income.

National net farm income and the variation between expected
and actual net farm income are estimated to have significant
positive and negative effects, respectively, on machinery demand.
The income elasticity of machinery demand is estimated to be
between 1.1 and 1.3. The response of machinery demand to income
variation is very inelastic.

If the land set-aside policy is implemented, Tarm machinery

dealers may suffer from a decline in sales or rejoice in an increase
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in sales. The determining factor is how responsive is farm income
to the land set-aside. If farm income increases by ten percent
with a ten percent land set-aside, machinery demand is estimated
to increase due to the effects of income and acreage. The ten
percent decrease in crop acreage is estimated to cause a nine
percent decrease in machinery demand; the ten percent increase in
farm income is estimated to cause an eleven to thirteen percent
increase in machinery demand. The increase is larger than the
decrease in machinery demand. If a ten percent land set-aside
program increases farm income by less than nine percent, these
response estimates show machinery demand will decline.

Other, slowly changing variables have a significant, positive
effect on machinery demand. These results and other, less success-

ful models are discussed in Chapter IV.

Building and land improvements

Building and land improvements include new construction, ad -
ditions, and major improvements of service buildings, other struc-
tures, fences, windmills, wells, dams, ponds, terraces, drainage
ditches, tile 1ines, other soil conservation facilities, and
dwellings not occupied by farm operators. Farmers' demand for im-
provements behaves as expected in response to its own price and the
prices of complements and substitutes.

The demand for building and land improvements is very elastic
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with respect to the price of building and fencing materials.

The own price elasticity of demand is estimated to be from -3.11
to -3.7. Thus, demand for improvements is estimated to change by
more than three times the proportional change in the price of
building and fencing materials if all other conditions are con-
stant. Other factors being stable the continuing increase in the
price of building and fencing materials relative to all prices
received by farmers (e.g. Fig. 4.2) will cause demand for im-
provements to decrease in the future.

On the basis of the sign on the estimated coefficients, fuel
and 0il are estimated to be substitutes for improvements since the
coefficients are positive. The demand for improvements is estimated
to be elastic with respect to the price of fuel and oil. As oil
prices rise in the future the demand for building and land im-
provements is estimated to rise at a faster rate if all other
factors are constant.

The response of demand for improvements to the farm wage rate
is negative and inelastic. Farm labor is estimated to be a com-
plement of building and land improvements since many buildings are
used for livestock production which requires a large amount of
labor. As the farm wage rate increases relative to all prices
received, the demand for improvements is estimated to decrease at
a proportionally slower rate.

Farmland is estimated and expected to be a substitute for

building and land improvements. The cross-price e]asticity of
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demand for improvements is estimated to range between 0.9 to 1.4.
Hence, if the trend of rising land prices relative to all prices
received continues, building and earthen contractors are estimated
to receive greater demand for their services unless other factors
decrease demand for improvements.

The stock of buildings has a significant, negative effect on
demand for building and land improvements. The negative effect
is assumed to be the simple effect of the stock upon demand; that
is, if the stock of buildings is high, the demand for improve-
ments due to other variables will be dampened by the stock of
buildings.

The other, slowly changing variables have a positive effect
on demand for building and land improvements. The growth in demand

for improvements over time is small but significant.

Hired farm labor

Hired farm labor is the non-family component of farm labor.
Hired Tabor response to the farm wage rate is very inelastic;
the elasticity of hired labor demand with respect to the farm wage
rate is estimated to be -0.6 to -0.9. These estimates are higher
than previous estimates of the hired labor demand elasticity with
respect to the farm wage rate. Increasing education and skill and
improved communication may have increased farm workers' mobility
between farm and nonfarm jobs, thus increasing the responsiveness

to the wage rate.
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The elasticity of hired farm labor demand with respect to the
price of fuel and 0il is estimated to be 0.41. Hired labor and fuel
and oil are substitutes but not perfect substitutes. If the recent
trends of higher crude 0il prices continue into the future and
other factors overpower this effect, the demand for hired farm
labor is expected to increase although at a lower rate than the
crude 0il price.

By summing the elasticities of all price ratios and changing
the sign, the elasticity of demand for hired farm labor with respect
to all prices received can be estimated to be between 0.3 and 0.55.
Previous estimates of this elasticity are lower than this estimate
indicating an increase over time in the responsiveness of hired
farm labor demand to all prices received by farmers. Better ed-
ucation and skill and improved communication and transportation
explain the increase in responsiveness. These conditions seem to
be continuing and the elasticity of demand probably will continue
to increase as well.

The demand for hired farm labor is positively correlated with
the demand for family farm labor. The estimate of this relation-
ship varies with the model specification from an eight to fifteen
decrease in hired labor demand if the family labor force decreases
by ten percent.

Average farm acreage explains hired farm labor demand better
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than the number of farms. The elasticity of hired labor demand
with respect to average farm size is estimated to be -1.55. The
hired labor force is estimated to decrease faster than the average
farm acreage increases. This relationship is indicative of the
labor-machinery substitution; larger machinery allows one worker
to cover more acres.

The labor-machinery substitution is also evident by the negative
coefficient estimated on machinery expenditures. The response of
hired labor demand to machinery expenditures is very inelastic;

a ten percent increase in machinery expenditures is estimated to
cause a two percent decrease in hired labor demand.

Previous studies show current hired labor demand to be a
function of past hired labor demand. These studies show the
importance of past demand levels in explaining current levels to be
declining over time. In this study the mobility of labor has
increased to the pnint where past demand Tevels do not have a
significant effect upon current demand.

Slowly changing variables have a positive effect on hired
labor demand over time. This effect has been overshadowed by the
effects of other variables since the hired labor force has decreased

over time.

Family farm labor

The distinction between the demand for and supply of family

farm labor is difficult to perceive because demand and supply
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decisions are made by the same people. This study uses models of
family labor employment and not necessarily models of demand or
supply.

The short-run elasticity of family farm empioyment with respect
to the nonfarm to farm hourly wage ratio is estimated to be -0.3;
the Tong-run elasticity is estimated to range from -0.5 to -0.65.
Family farm employment is estimated to decrease as the nonfarm
wage rate increases relative the farm wage rate but the response
is inelastic. So if hired farm workers were to obtain a higher
farm wage rate, the number of family workers would increase in
response to the decreasing nonfarm to farm wage ratio.

The elasticity of famiiy farm employment with respect to the
nonfarm to farm annual income ratio is estimated to be -0.13. This
elasticity estimate is higher than the estimates from earlier data
years by Heady and Tweeten (1963). The increase in family labor
mobility has occurred for the same reasons that hired labor mobility
has increased. Better education and skill and improved communi-
cation and transportation has given farm labor the ability to move
and the knowledge of when to move and where to move to.

The national unemployment rate does hamper family labor
movement if that rate is high enough even if the nonfarm to farm
wage or income ratio is large. Changes in family farm employment
are quite inelastic with respect to the unemployment rate. The
critical level of national unemployment above which family workers

move from nonfarm to farm jobs is estimated to be eleven percent
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of the national labor force. Above eleven percent the movement
back to farming by family occurs but the response is still quite
inelastic.

As the number of farms decreases and the average acreage per
farm increases the number of family farm workers is estimated to
decrease. The response is small and inelastic however. Tn2 average
acreage explains the family employment Tevel better than the number
of farms.

The equity ratio and national net farm income are estimated
to have small but significant positive effects upon family employ-
ment. Government programs that increase farm income do increase
family farm employment but the small effect from the higher income
is easily overshadowed by other factors affecting family employ-
ment. Other, slowly changing variables have a significant, neg-

ative effect upon family employment.

Aggregate operating inputs

The measure of aggregate inputs includes feed, seed, feeder
livestock, fertilizer and 1ime, building repairs, fuel and oil,
machinery repairs, pesticides, utilities, custom work, machine
nire, ginning, interest on nonreal estate debt, and other mis-
cellaneous supplies. These inputs are for farm use only. Those
operating inputs analyzed individually are included in this ag-
gregate measure.

The elasticity of demand for operating inputs in aggregate

with respect to its own price is estimated to be between -1.1
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and -1.5. Heady and Tweeten's (1963) least squares estimate of
this elasticity is -0.6. A higher elasticity from more recent data
is expected since a larger proportion of inputs is purchased from
nonfarm sources and prices are more important. As the proportion
of all inputs purchased increase, the own price elasticity of de-
mand is expected to continue to increase and operating inputs in
aggregate will become more responsive to price changes.

The best estimate of the elasticity of demand for operating
inputs in aggregate with respect to the value of farmland is 0.47;
farmland is a substitute for operating inputs. If the recent
trend of farmland values increasing relative to all prices received
continues, the aggregate demand for operating inputs is estimated
to increase at about half the rate that farmiand vaiue is increasing.

Aggregate demand for operating inputs is inelastic with
respect to last year's machinery price. A ten percent rise in
machinery prices this year is estimated to produce a four per-
cent rise in operating input demand next year. The current
machinery price is estimated to have no significant effect on
operating input demand. Hence, the substitution between machinery
and operating inputs is evident as a lag effect.

The demand for operating inputs is estimated to become more
responsive to changes in all prices received by farmers over time.
Heady and Tweeten (1963) estimate the elasticity of operating

input demand with respect to all prices received to be 0.2 to 0.5;
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this elasticity is estimated to be 0.7 to 1.1 in this study. The
higher proportion of inputs purchased and the greater knowledge

of input productivity have caused this elasticity to increase.
Thus, the demand for operating inputs can be expected to fluctuate
more or input prices will. Input supply firms will have to be
more attentive to market conditions to remain solvent since farmers
now respond with greater changes.

As the equity ratio falls, the demand for cperating inputs
in aggregate is estimated to rise significantly but inelastically.
A ten percent fall in the equity ratio is estimated to cause a
one to three percent increase in operating input demand. By in-
creasing the use Qf operating inputs, the productivity of labor
and durable resources may increase and thus the return to these
resources will increase. If returns increase liabilities can be
paid and equity increases. As the equity ratio falls, machinery
and labor demand fall so to keep production fairly constant the
use of operating inputs must increase.

Variation between expected and actual income has a small
negative effect on demand for operating inputs. As risk of potential
returns increases farmers show their risk-aversion characteristics
and decrease use of inputs.

Over time demand for operating inputs is increasing. Im-
proved knowledge of input productivity and adoption of new practices

have increased operating input use.
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Fuel and oil

Farmers' expenditures for fuel and oil include expenditures
for crop and livestock enterprises. Fuel and oil used in pro-
duction, marketing, repairs, overhead, and other farmwork are
counted. Only fuel and oil used in and for farm business are
counted. The fuel and o0il used by automobiles for farm business
are included.

The demand curve for fuel and oil is expected to be negatively
sloped. Empirically, this was difficult to find. Over the past
few decades the consumption of fuel and oil in agriculture has
been increasing even though its price has been increasing relative
to all prices received by farmers. The individual farmer will
adjust demand to prices, but because these are national data this
individual adjustment is lost amidst the influx and adoption
of new technologies using fuel and 0il in agriculture.

Mean square error is improved when the fuel and oil price
is deleted from the model. Furthermore, empirically it is hard
to find theoretically correct signs on any of the price ratios
used in this analysis. The lagged machinery price has a significant
effect upon demand but it is a positive effect instead of the
negative effect expected from a compiement.

Net farm income is estimated to have a positive, although
inelastic, effect upon fuel and oil demand. A ten percent rise
in net farm income is estimated to cause a three to five percent

rise in fuel and oil demand. Higher income increases machinery
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purchases which increases the need for fuel and o0il so income's
effect upon fuel and oil demand is a secondary effect.

The effect of the stock of farm machinery on fuel and oil
demand is positive but quite small. Total crop acreage has a
large positive effect on farmers' demand for fuel and oil. These
estimates show that the total land area farmed is a better de-
terminant of fuel and 0il demand than the total amount of machinery
owned by farmers. Fuel and 0il demand also increases over time

due to slowly changing variables.

Electricity

Expenditures for electricity include all purchases of elec-
tricity for farmwork. Only electricity used in the farm business
is counted; no home use is included.

The models of electrical demand using the data in original
form fit the expectation model as formulated in Chapter II. The
coefficients estimated are short-run coefficients except for the
price coefficients which are long-range. The Tagged expenditures
variable is included in all models; without it coefficients are
unstable and mean square error is larger. In models using log-
arithmically transformed data the lagged expenditures variable
does not exert a significant influence'upon electricity demand
and elasticity estimates vary from those of other models.

The elasticity of electrical demand with respect to the price

of electricity is estimated to be about -0.5 using original forms
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and -0.7 to -0.8 using logarithmic forms. Utility companies can
increase profits by increasing prices because demand is estimated
to decrease less than the price rise. Electrical demand elasticity
with respect to the farm wage rate is estimated to range from 0.4
to 0.5. Demand elasticity with respect to all prices received by
Tfarmers is estimated to be 0.03 to 0.11 which is quite inelastic.
Electrical demand is quite stable with respect to these prices.

The demand for electricity is quite elastic with respect to
the price of fuel and oil. A ten percent rise in the price of fuel
and oil is estimated to cause a thirteen to fourteen percent rise
in the demand for electricity in the Tong-run with all other factors
constant. These energy inputs are very direct substitutes for each
other so electrical demand is very responsive to the fuel and o0il
price.

Net farm income has a significant effect using the data in
original form but not in logarithmic form. When it is significant,
the elasticity of electrical demand with respect to net farm in-
come is estimated to be 1.55. As income has risen over the years
the adoption of electricity and new technologies using electricity
has increased as well.

Electrical demand is affected adversely by risk. The long-

run elasticity of demand for electricity with respect to variation

in income is estimated to be -0.2 to -0.3.
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Seed

Expenditures for seed include only seed for crop production.
The elasticity of seed demand with respect to its own price is
estimated to be -0.45 in the long-run. Since the seed price enters
the model relative to crop prices received by farmers and this
is the only price ratio in the model, this elasticity estimate
is the same for seed demand with respect to crop prices. These
inelastic responses indicate two things; first, demand is fairly
stable and second, seed companies can increase their prices and
their profits because demand will not fall in proportional to the
price rise.

Heady and Tweeten (1963) can not find a significant effect
upon seed demand by seed price. The more recent data used in this
analysis show seed demand responding to the price of seed. More
seed is purchased now and not produced on individual farms as it
was in earlier years.

The decline in the number of farms and the increase in farm
size are estimated to decrease seed demand. These trends in farm
numbers and size have accompanied seed quality increases and the
substitution of other inputs for seed.

As with other inputs seed demand responds positively to net
farm income. The estimate of demand response to changes in net
farm income varies with the model formulated but in all cases the
effect is direct, significant, and inelastic. Risk aversion has

the expected effect on demand. The variation in net farm income
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has a very inelastic but negative effect upon seed demand.

Fertilizer and Tlime

Only farmers' expenditures for fertilizer and 1ime for use
in crop production are included. Using the original data the elas-
ticity of demand with respect to its own price is estimated to be
-1.0 to -1.5. With logarithmically transformed data the demand
elasticity is estimated to be -0.6 in the long-run. These differences
may occur due to rapid increases in the use of fertilizer and lime
in the middle of the period analyzed and the calculation process
for the elasticities. The elastic responses may be true for past
years as fertilizer prices dropped relative to crop prices and
fertilizer use increased. The elastic responses also may reflect
improved knowledge of the fertilizer and lime production functions
and so more knowledgeable responses to price changes. The inelastic
responses may reflect a more stable demand for fertilizer and 1ime
after the adoption process of fertilizing practices is nearly
complete. Heady and Tweeten's (1963) estimates are close to those
using logarithmic data but are lower than those using original
data. The elasticity is expected to increase with time as knowl-
edge and use increase.

Seed is estimated to be a substitute of fertilizer and lime.
The response of fertilizer and 1ime demand to the seed price is

inelastic; a ten percent increase in the price of seed is estimated
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to increase fertilizer and 1ime demand by four to nine percent.

The demand elasticity of fertilizer and 1ime with respect
to crop prices is positive but quite low; it is estimated to be 0.1
to 0.5. This estimate is less elastic than Heady and Tweeten's
estimate. The variation in crop prices in recent years may ex-
ptain this decrease in elasticity.

Farmers' demand for fertilizer and 1ime responds negatively
to changes in the farmers' equity ratio. A decrease in their
equity ratio will cause farmers to increase their use of operating
inputs to increase production and thus income to pay debts. A
ten percent decrease in the equity ratio is estimated to increase
fertilizer and 1ime demand by four and a half to eight and a half
percent.

The income elasticity of demand for fertilizer and lime is
estimated to be 0.36. The variation in net farm income has a
positive estimated coefficient indicating a risk loving character-
istic in farmers but this coefficient is not significant in all
models. Slowly changing variables exert a positive influence on

fertilizer and 1ime demand.

Pesticides
Pesticides are herbicides, insecticides, fungicides, and other
chemicals used in the soil or plants to minimize the effects of

weeds, crop predators, and plant diseases. The elasticity of
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demand for pesticides with respect to its own price is estimated
tc be -1.1 to -1.6. Farmers are either very near the optimal level
of pesticide usage and so adjust their expenditures to price changes.
Or they do not have full information on the productivity of pesti-
cides and so react drastically to price changes.

The income elasticity of pesticide demand is estimated to
be 1.3. 1In pericds of falling farm income, chemical companies
should expect pesticide demand to fall at a faster rate. The
variation in net farm income is estimated to have a significant,
negative inelastic effect upon farmers' demand for pesticides.
The siowly changing variables represented by the time variable are
estimated to have a positive effect upon pesticide demand over

time.

Feed

rarmers' expenditures for feed includes feed for beef cattle,
swine, sheep, dairy cattle, and poultry for slaughter, replace-
ment, and breeding. Feed for horses and mules doing farm work is
included also.

The short-run elasticity of feed demand with respect to its own
price is estimated to be -0.35 to -0.7; the intermediate-run elas-
ticity is estimated to be -0.6 to -1.0. Previous estimates by Heady
and Tweeten (1963) are higher than these estimates. Their estimate

of short-run own price elasticity of feed demand is -1.0. In this
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case the increase in the input proportion purchased from nonfarm
sources causes the elasticity to become more inelastic. Larger
Tivestock operations of recent years which do not have the capacity
to raise ail tneir feed needs create a more stable demand for feed
and thus decrease fluctuations as price changes. Since price
ratios are used in the model the short-run elasticity of feed
demand with respect to livestock prices is estimated to be 0.35

to 0.7; the intermediate elasticity is estimated to be 0.6 to 1.0

The feed demand response to changes in the number and size
of farms is estimated to be elastic in the long run in both cases.
The U.S. population has grown in numbers and affluence as farm
numbers have declined and average farm acreage has increased.
These relationships may not be direct cause and effects but more
effects of other causes.

Feed is the only operating input analyzed in this study es-
timated to have direct but inelastic responses to changes in the
equity ratio. Livestock production may improve the equity ratio
more than the higher equity ratio cause increased livestock pro-
duction. But the equity ratio does improve the mean square error
when the ratio is included in the demand model.

National personal disposable income is estimated to have a
positive but inelastic effect upon feed demand. As consumers’
income increases meat demand increases which cause increases in

feed demand.
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Predictions of Resource Use

Predictions are needed to observe directions of movement
in resource use. MWith these predictions farmers and agribusinesses
can plan for the future and its predicted needs and policy makers
have a better knowledge of what lies in the future and how best
to guide and shape policies for the future.

The use of all purchased inputs is predicted to increase
while labor employment and the number of farms are predicted to
decrease. The mix of resources is projected to change between
1977 and 1990 as well. Capital continues to substitute for labor
but the Tabor force is projected not to decline as fast as the
number of farms does.

The level of machinery expenditures is projected to increase
by eighteen percent between 1977 and 1990 under Alternative I.
The machinery increase is greater than the four percent increase
projected for expenditures for building and land improvements for
the same period. This difference indicates a shift or substitution
of machinery for improvements.

Farmers' expenditures for energy are projected to increase
by five percent by 1990. HMost of this increase comes from the
twenty-three percent increase projected for electricity use since
fuel and oil expenditures are projected to increase by less than

one percent. This leveling off of fuel and oil demand is projected
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to occur without governmental intervention nor without the large
0il price increases of the most recent years. The increase in
the use of electricity relative to fuel and o0il predicts an
increasing demand for additional power plants.

The stable expenditures for fuel and 0il coupled with the
projected increase in machinery purchased indicate increasing
energy efficiency in farm machinery. This efficiency may come
from the machines being more efficient or from more efficient
use of the machinery per acre. These projections are made without
assuming any government intervention to reduce fuel usage; the
projections indicate what lies in the future as agriculture adjusts
its resource mix to the econemic environment. These projections
show U.S. agriculture adjusting to the current energy situation
by itself.

Projections of farmers' expenditures in 1990 for seed, fer-
tilizer and 1ime, pesticides, and Tlivestock feed are higher than
1977 levels. Except for seed expenditures under Alternative III
the expenditures for these three inputs are projected to increase
from 1977 levels in all alternatives. Expenditures for seed are
predicted to rise by nine percent between 1977 and 1990; fertilizer
and lime expenditures, by thirty-five percent; pesticide expen-
ditures by fifty-five percent; and feed expenditures, by thirty-
two percent.

Even though expenditures for these inputs are projected to
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increase, the 1990 mix of the three crop inputs is different from
the 1977 mix. Future production is projected to use more pesticides
reiative to fertiiizer and lime and more of both pesticides and
fertilizer and lime relative to seed. Expenditures for fertilizer
and lime are projected to remain the largest of these crop inputs

in 1990.

However, these projections cannot predict the effect of
governmental intervention. If rulings restrict the pesticide
supply, farmers' expenditures for seed and fertilizer and 1ime
may increase relative to pesticide expenditures but this effect
is not quantified in this analysis.

Fertilizer and Time expenditures are projected to increase
relative to farm machinery expenditures; both are projected to
increase above 1977 levels. This shift in importance indicates
future production will be accomplished with greater reliance on
fertilizer and 1ime than on machinery. The projected increase
in pesticide expenditures relative to machinery expenditures
predicts that the trend of substituting chemical for mechanical
pest control will continue into the future.

Since expenditures for feed are projected to increase while
farm numbers are projected to decline, the future livestock farm
is predicted to continue to increase in size. This is a continuation
of present trends towards larger livestock operations. Increased

feed purchases in 1990 indicate an increase in consumer meat demand.
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The farm labor force is projected to decrease by twenty-
seven percent or slightly more than one million people between
1977 and 1990. The 1990 work force is projected to include just
over three million people: slightly more than two miliion family
workers and about nine hundred thousand hired workers. Propor-
tionally, the hired farm labor force is estimated to decline more
than the family labor force but family labor is projected to de-
cline the most in absolute numbers.

From these projections U.S. agriculture is estimated to continue
in the trend of utilizing capital-intensive technology. Machinery
purchases and expenditures for all operating inputs are projected
to increase relative to the future farm labor force.

The number of farms is projected to decrease by sixty-one
percent from 1977 to just over one million farms in 1990. Ob-
viously, this large decrease causes all projected inputs to in-
crease per farm. Even labor is projected to increase per farm:
from about one and one-half workers per farm in 1977 to about
three workers per farm in 1990. Increases in machinery expenditures
will not keep pace with the decline in farm numbers; machinery
expenditures per farm worker are projected to increase but not
enough to maintain the present worker per farm ratio.

For communities the Toss of farm workers and the decline in
farm numbers means a decline in demand for community services and

a potential decaying of the present community. However, the
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projected increase in workers per farm is an indication that demand
for some community services will not decline as fast as farm numbers.

These predictions are based on the assumption that present
trends in the conditions surrounding agriculture will continue.
They do not predict what changes may occur if shocks previously
unknown (e.g., fuel rationing) would occur in the future.

In this analysis the structural coefficients of agricultural
resource demand by U.S. farmers are estimated. When available,
past estimates of the structural coefficients are compared to
the estimates of this study. The usage levels and mix of agricul-
tural resources at the national level in 1990 are predicted.

These results should be interpreted with two qualifications
at least. While the models used in the analysis explain quite a
bit of the variation in resource use, the estimates and predictions
are made with some error; the effects of future events that
have not occurred before cannot be estimated from this analysis.
Keeping these qualifications in mind, the results of this study
can be used by many people in and out of agriculture to plan for

the future and (or) to estimate the effects of certain actions.
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APPENDIX A. VARIABLES AND SOURCES

The variables used in this analysis are defined in this
appendix. The sources of these variables are also listed. 1In
the analysis many price ratios are used, these are simply the
ratios of the appropriate variables listed below.

The number and size of farms in the U.S. are estimated on

Pt

January 1 of the current year.

A' = the national average number of acres per farm (Durost
and Black, 1978)

N = the number of farms in the U.S. (United States Depart-
ment of Agriculture, Economics, Statistics, and Co-
operative Service, 1978)

Several price indices are used in the analysis. These prices
all stand for the index of the national average price of the
commodity indicated below and are found in Agricultural Statistics
(United States Department of Agriculture, 1978, 1973, 1972, 1962).
A1l indices have the 1967 value equal to 100. Excentions are
ncted where needed.

Pp = building and fencing materials

P_ = pesticides (Durost, 1979)

PCRP = aggregate prices received by farmers for crops
P_= electricity on farms (Durost, 1979)
Pgq = Teed

PFL = average per acre value of all U.S. farmland

O
3
"

Tuel and 01l on farms (Durost, 1979)

Pfr = fertilizer and lime
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PH = hourly farm wage rate index

PLK = aggregate price received by farmers for livestock
and livestock products

Py = all farm machinery
P_ = all agricultural operating inputs
PP = aggregate price paid by farmers for all resources
PR = aggregate price received by farmers for all commodities
P. = agricuitural seed

Total expenditures for resources are measured in million
dollars at the 1967 value; the 1967 value is obtained by dividing
the current value of expenditures by the appropriate price index
(1967: 1.0). The abbreviations defined below are for U.S. farmers'
total expenditures for the resource indicated. The data source
is United States Department of Agriculture, Economics, Statistics,
and Cooperatives Service (1978) unless noted differently.

QB = buildings, excluding operators' dwellings, and land

improvements
QC = pesticides for crop use (Durost, 1979)
Qe = electricity for farm use (Durost, 1979)

Qfd = feed for iivestock

Qf = fuel and oil for farm use (Durost, 1979)
er = fertilizer and 1ime for agricultural use
QM = all farm machinery for farm use

Q. = all agricultural operating inputs

Qs = seed for farm use
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The labor force in the U.S. is measured in thousands of people
employed. The data source is Agricultural Statistics (United States
Department of Agriculture, 1978 and 1972). The total labor force

is analyzed as two separate components, the hired and family

forces.
QF = the national family farm labor force
QH = the natioral hired farm labor force

The exogenous variables used in this analysis are from several
sources. The definition of each variable and the data source are
Tisted below.

E = the ratio of U.S. farmers®' total equity to tneir total
outs?anding debt for farming purposes (Evans and Simunek,
1978

PIS = the index of the national average price of metals and
metal products adjusted by the consumer price index
(Council of Economic Advisors, 1978)

PN = the index cf the national average hourly wage rate of
all nonfarm, industrial workers adjusted by the consumer
price index (Council of Economic Advisors, 1978)

SB = the stock of Tarm buildings excluding operators' dwelliings
on January 1 of the current year (Evans and Simunek, 1978)

S.g1 = the stock of farm machinery on farms on January 1 of

the current year (Evans and Simunek, 1973; United States
Department of Agriculture, Economic Research Service,
1965; and United States Department of Agriculture,
Economic Research Service, 1960)

T = the time variable which represents slowly changing
variables (T = 47.0 for 1947)

TA = the national crop acreage (United States Department
of Agriculture, 1978, 1972)

TSQ

the squared value of the time variable, T
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the national average unemployment rate, 0 s U s 1
(Council of Economic Advisors, 1978)

the product of U and YR
the three-year simple average of variaticn between ex-
pected and actual national net farm income (calculated
from United States Department of Agriculture, Economics,
Statistics, and Cooperatives Service, 1978)

the national value of net agricultural exports (United
States Department of Agriculture, 1978, 1972)

= the three-year simple average of national net farm in-

come (calculated from United States Department of
Agriculture, Economics, Statistics and Cooperatives
Services, 1978)

personal disposable income for the entire population,
farm and nonfarm, deflated by the consumer price index
(United States Department of Agriculture, Economics,
Statistics, and Cooperatives Services, 1978)

the index of the ratio of nonfarm to farm national
average hourly wage rates (calculated from data in
Council of Economic Advisors, 1978)

The consumer price index used to adjust the general measures

to 1967 values is obtained in United States Department of Ag-

riculture (1978, 1972). Where possible, price indices applicable

to a measure are used to adjust to 1967 values.
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APPENDIX B. PROJECTION MODELS

The estimated coefficients of the projection and reduced
form models are presented in this appendix. The coefficients for
the projection models of expenditures for farm machinery, building
and land improvements, fuel and o0il, electricity, hired and family
farm labor (in thousands of workers), and aggregate operating
inputs are in Table B.1. The estimated reduced form models for
the seed, fertilizer and 1ime, and pesticide system are presented
in Table B.2. The estimated reduced form models for the feed
system are in Tabie B.3. These models are used to project the
use and mix of agricultural resources in the U.S. in 1990. To
do this, estimates of the exogenous variables are needed; the pro-

jection models of the exogenous variables are in Table B.4.



Table B.1. Projection models of expenditures for farm machinery,
building and land improvements, fuel and oil, elec-
tricity, hired and family farm labord, and aggregate
operating inputs.

Variable S R Intercept TA¢ E¢
Qy 342,751 500 -51,842 15 154
(32,000) (18) (363)
Qg 6,838 .947 13,615 -11 -31
(4,520) (3) (51)
Qo 2,233 .959 -8,502 5.6 -41
(2,583) (1.5) (29)
Qe 100 .996 -725 -.02 4
(547) (.31) (6)
QHa 2,361 .991 460 3.1 -7.
(2,883) (1.7) (32.0)
QFa 2,921 .999 13,757 10 -28
(3,207) (2)h (36)
Q, 41 .989 -88 =D .5
bt (77) (2.7)

Afstimated in thousands of workers.

bThis variable is not included in the projection model
specification. The model is estimated without this
variable.
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YAFt-1 Vi1 YRe-1 UYrt-1 P1st
.63 -.00008 6,749 -6,150 -30
(.18) (.00003) (2.709) (5.626) (40)
.02 -.0000003 321 566 7
(.03) (.0000048) (383) (795) (5.7)
.03 -.000006 133 405 5.1
(.01) (.000003) (219) (453) (3.3)
.001 -.0000003 -56 352 -.57
(.003) (.0000006) (46) (96) (.69)
-.01 -0000008 352 1,780 -1.3
(.02) (.0000029) (253) (499) (3.4)
.04 -000008 522 1,710 -14
(.02) (.000003) (282) (545) (4)
- -b 43 18 b
(16) (57)
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Table B.1. Continued

Variable Pyt _ Spt T TSQ
Qy 89 -.04 183 -b
(138) (.10) (204)

Qg -23 .03 11 -b
(20) (.01) (29)
Qs -24 .02 77 -b
(11) (.01) (17)
Q, -5.6 .002 24 -b
, (2.4) (.002) (3)
Qy -41 -.02 -26 .52
) (12) (.01) (70) (.54)
Q:° -47 -.042 -444 3.2
(13) (-0g9) (7§)° ( 6%




Table B.2.

Reduced form models for the seed, fertilizer and 1ime,

and pesticide system.

Variable 2 R2 Intercept Qst—l ert-l
Qst 522 .991 345 .20 .01
(1,399) (.26) .10)
Qept 8,221 .995 3,103 1.1 -.54
(5,553) (1.0) .39)
Qct 1,807 .995 -5,203 .01 -.08
(2,603) (.48) .13)
Ni+1 491 1.000 3,974 42 -.21
(1,358) (.25) (.09)
Ps
— .0022 .939 -7.9 .00002 .0002
CRPt (2.9) {(.00054) .0002)
Pee
fr—i—- .0026 .895 -4.9 .0005 .0003
CRPt (3.1) (.0006) .0002)
Pc
P .0028 .936 -8.6 .0001 .0006
CRPt (3.3) (.0006) .0002)
Pr
- .0022 .964 2.0 -.0012 .0001
pt (2.9) (.0005) .0002)
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Qct-1 N, P P, Pe Pe
Perpt-1 PcRPt-1  PCRPt-1 Pot-1
-.19 -.10 196 _29 145 244
(.14) (11)  (134) (163) (102) (174)
.80 -.53 690 _435 373 1,403
(\54) (45) (533 (647) (405) (692)
.37 .28 153 -90 65 330
(.26) ((21)  (250) (303) (190) (325)
17 61 86 -396 _88 -579
(113) ((11)  (130) (158) (99) (169)
-.0003 .0006 -.23 .26 -.05 .22
(.0003)  (.0002)  (.28) (.34) (.21) (.36)
-.0006 .0004 -.28 .55 _.23 .23
(.0003)  (.0003)  (.30) (.36) (.23) (.39)
-.0007 .0005 .24 .97 .10 -.03
(10003)  (.0003)  (.31) (.38) (.24) (.41)
.0003 .0001 -.20 .15 .09 .68
(L0003)  (.0002)  ({.27) (.33) (.21) (.36)




Table B.2. Continued
Variable Et YaFe-1 Vit Pat
0y 2 .01 -.0000005 -4
(13) (.01) (.0000014) (8)
Qppt -80 .02 -.000003 -18
(53) (.03) (.000005) (33)
Qct 33 .004 -.000001 -3
(25) (.012) (.000003) (2)
Nioq 25 .03 -.000003 -10
(13) (.01) (.000001) (8)
P
;rfi—- .006 .00001 -.00000001 .002
CRPt (.028)  (.00001) (.00000000) (.017)
Pfr
5 -.02 -.000003 .00000000 -.001
CRPt (.03)  (.000015)  (.00000000) (.002)
PC
5 .06 .00003 -.00000000 .06
CRPt (.03)  (.00002) (.00000000) (.02)
Pr
I .01 -.00002 .00000000 -.006
pt (.03)  (.00001) (.00060000) (.017)
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xt Yo, T
1.1 .002 -10
(.8) (.001) (18)

-2.0 .007 -40

(3.3) (.003) (54)

-3 .003 1

(2) (.001) (25)
-.45 .001 -25
(.80) (.001) (13)
-.004 -.000001 11
(.002) (.000001) (.03)
-.001 -.000004 .06
(.002) (.000002) (.03)
-.001 -.000005 .04
(.002) (.000002) (.03)

.002 .000003 -.03
(.002) (.000001) (.03)




Table B.3. Reduced form models for the feed system.

Variable 52 R2 Intercept Nt
Qeqs 31,169 .992 23,288 -2.0
v (4,686) (0.4)
N 898 .999 2,832 .69
t+l (796) (.08)
Pfd
R .0051 .673 -.8 .00004
LKt (1.9) (.00018)
Pr
— .0021 .950 3.4 -.00009
pt (1.2) (.00011)
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Ptd PR Et YAFt—l Xt
PLKt-1 Pot-1
'39688 ‘23801 298 o08 ‘2.6
(417) (821) (78) (.04) (3.4)
-47 -226 41 .017 .27
(71) (139) (13) (.007) (.58)
.73 .97 -.05 -.00002 .002
(.17) (.33) (.03) (.00002) (.001)
-.33 .38 .02 -.0000001 .0029
(.11) (.21) (.02) (.0000103) (.0009)
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Table B.3. Continued
Variable Ypio1 T
Q .011 -182
fdt (.002) (59)
N .0013 -42
t+l (.0003) (10)
P
Efg_ -.000001 .01
LKt (.000001) (.02)
Pr
e .000001 -.05
pt (.000001) (.02)
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Table B.4. Projection models for exogenous variables.
Variable 52 R2 Intercept T
TAt 247 .886 1,434 -4.6
(19) (.3)
Et .80 .875 22.7 -.25
(1.1) (.02)
YAFt-l 9,534,632 .410 32,830 -270
2
4 (3,677) (59)
Vt—l 1.19x101 .112 -17,769,982 405,732
(12,991,605) (208,904)
P1st 41.6 .523 56 71
(7) (.12)
Pt 7.2 .971 -11 1.6
(3) (.1)
SBt 3,786,533 .321 24,203 140
(2,317) (37)
YRt-l .02 .093 1.67 .005
(.18) (.003)
UYRt-l .001 .262 -.004 .002
(.031) (.001)
Xt 212 .879 -163 4.1
8 (17) (.3)
YDt 5.84x10 .975 -526,596 15,917
(28,767) (463)
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