
11. 
Machinery and Equipment 

AS CHAPTERS 2 and 4 indicate, some of the major structural changes 
in agriculture have revolved around farm machinery. Machine capital 
not only has been a direct substitute for labor, but also the fixed costs 
associated with it provide cost advantages for larger units and create 
pressures for increased acreage per farm. Certainly a major portion 
of the decline in the agricultural labor force and in farm numbers must 
be attributed to mechanization. The process of mechanization is quan­
tified as the demand for farm machinery. 

On the surface it would appear that demand functions for machinery 
and farm labor might be easily and simultaneously specified through 
relative prices of the factors and change in technical coefficients. 
Quantification of labor and machinery demand relative to each other is 
difficult from time series data, however, because of multicollinearity 
in the several sets of relevant observations. Relative prices of labor 
and machinery, labor inputs of agriculture and mechanization are all 
highly intercorrelated through time. 

In an aggregate sense, machinery also is a substitute for certain 
biological forms of capital. For example, more timely cultivation 
which controls weeds and increases yields is a substitute for weedi­
cides. On an individual farm basis, mechanization is an economic 
complement with land inputs, due to the cost economies mentioned ear­
lier. It is a technical complement with fuel and similar operating in­
puts. Again, however, because of the nature of the time series data, 
the exact relationships are not easily quantified. 

The demand functions in the first part of this chapter largely rep­
resent an application of the investment concepts and models outlined 
in Chapter 10. The models outlined in the latter chapter are applied to 
all farm machinery, motor vehicles and machinery other than motor 
vehicles. Demand functions, following alternative models, then are 
presented for some specific categories of machines. The investment 
functions outlined in Chapter 10 are extended to include even broader 
aggregates of capital in Chapter 12. 
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THE DEMAND FOR ALL FARM MACfilNERY 

In this section the demand for all farm machinery is estimated by 
least-squares and limited information techniques, the function being 
specified in some detail in Chapter 10. 

The Variables 

The variables included in the least-squares demand equation are 
as follows: 1 

QMt = the dependent variable and a weighted national aggregate 
of motor vehicle and other machinery purchases for the 
current calendar year. Quantities are weighted by 1935-
39 prices prior to 1940 and by 1947-49 prices after 1940. 
Observations are in millions of 1947-49 dollars. Because 
the dependent variable roughly is a first difference of 
stocks, the statistical equations are estimated only in 
original values and logarithms of original values. The 
productive portion of machinery purchases (40 percent of 
automobiles) is included. 

(PM /PR )t = the current year index of the ratio of the price of all farm 
machinery to prices received by farmers for crops and 
livestock. 

(P M/P H)t = the current year index of the ratio of the price of all farm 
machinery to the hired labor wage rate. 

= the stock of productive farm machinery on January 1 of 
the current year in millions of 1947-49 dollars. 

= the total stock of productive assets in billions of 1947-49 
dollars on January 1 of the current year including: real 
estate, machinery, livestock, feed, and cash held for pro­
ductive purposes. 

= the past year ratio of proprietors' equities to total liabili­
ties in agriculture. 

= the net income of farm operators from farming during the 
past year, deflated by the index of prices paid by farmers 
for items used in production, including interest, taxes and 
wage rate. Net income includes cash receipts, govern­
ment payments and nonmoney income less production ex­
penses. 

1 sources of these and other time series variables in this study are in Tweeten, 
Luther G. An Economic Analysis of the Resource Structure of U.S. Agriculture. Un­
published Ph.D. Thesis. Library, Iowa State University. Ames. 1962. 
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= the declining three year arithmetic average of Y F. 

3 YFt-1 + 2 YFt-2 + YFt-s 
YDFt-1 = 6 
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= an index of government agricultural policies. Years when 
acreage allotments or production controls are in force 
are given the value -1. Years when farm prices are sup­
ported are assigned values of +1. If supports are fixed, 
an additional +1 is added. The values are summed to 
form the index G. 

= time, an index of the last two digits of the current year. 

The price indices are expressed as a percent of the 1947-49 base, 
i.e. 1947-49 = 100. Variables are annual data for the United States 
from 1926 to 1959, excluding 1942 to 1947. The period is chosen to be 
long enough to allow variation in the variables and reasonably precise 
estimates of structural parameters. Since the variables are measured 
less accurately in earlier years, and since structural changes over ex­
tended periods cannot be accommodated in the models, observations 
prior to 1926 are not used. The years 1942 to 1947 are omitted be­
cause of farm machinery rationing during the period. During these 
years, explanatory variables in "true" demand structures would pre­
dict a higher demand quantity that it was possible to fill. Hence inclu­
sion of data for these years when estimating structural relationships 
would result in biased parameter estimates. It can be argued that the 
demand structure had not returned to normal for several years follow­
ing 1948. However, estimation of a function for years following (say) 
1954 would not be possible. 

Agricultural machinery has a low reservation price and marginal 
value productivity outside agriculture. Few opportunities exist to sell 
machinery during periods of farm depression to more prosperous sec­
tors because the machinery is specialized to agriculture. Further­
more, severe income cycles in other sectors tend to be correlated with 
those of agriculture, further limiting the sale of surplus machinery. 
The maximum rate of decline in machinery stocks during an economic 
downswing largely is governed by the depreciation rates. 2 The limit on 
stock expansion is quite different, thus the optimum approach might in­
clude estimation of separate demand functions for expansion and de­
pression periods. This procedure is not followed in this study because 
mechanization was only "well started" during the last major depression 
and sufficient time series observations are not available. 

Structural changes which relate to farm machinery demand have 
been especially important since 1926. The quality and size of many 

2 The USDA estimate of average annual depreciation on all farm machinery is approxi­
mately 20 percent. This suggests potential for a comparatively rapid decline in machinery 
inputs with unfavorable prices. The above depreciation rate essentially is for accounting 
purposes, however, and machineq1 services as a farm resource decline less rapidly. 
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farm machines themselves have changed. A 1926 unit of machinery 
{e.g. tractor) is not strictly comparable to a 1959 unit, and it is not 
possible to compensate completely for quality change. Weighting quan­
tities by prices partially compensates for this difference, because the 
improved unit of machinery is weighted by a higher price. The total 
number of machines may be the same, but the "quantity" weighted by 
prices may be greater if the improvement is reflected in the price. 

The structure and magnitude of gross farm income have also 
changed greatly since 1926. Gross receipts are much greater because 
resources previously used to provide farm power {seed, feed, breeding 
stock, etc.) have been freed for sale. Substitution of nonfarm inputs 
has permitted greater farm product sales but also has added to cash 
costs. This structural change in income can be handled partly by use 
of net income rather than gross income as a variable relating to 
farmer capital position. Net income is included as a variable in the 
demand equations which follow to indicate the earning expectations and 
financial capabilities of farmers, measure farmers' expected return on 
durable resources and to correct for structural changes in farm in­
come. 

Least-Squares Demand Equations for All Machinery 

Table 11.1 includes relevant statistics for machinery demand equa­
tions estimated by least squares. Some variables from the economic 
model presented in Chapter 10 are excluded either because they are 
insignificant {e.g., short-term interest rate) or because they are highly 
correlated with other variables {e.g., cropland per farm). 

Only the coefficients of the variables {I\.1 /PR )t, Et-i and T are 
significant in equation {11.1). The equation appears to indicate that 
lagged prices, SP, G and the ratio of machinery and labor prices do 
not influence QM significantly. It should be remembered, however, 
that statistical complications {e.g., correlation among variables, obser­
vational errors, lack of variation in the data, etc.) may be important 
for the data under analysis. The relative prices of labor and machin­
ery undoubtedly are influential in determining demand quantity of 
either resource. 

To determine if both income and equity are important variables in 
the demand function, equation {11.2) includes both E and YF. The re­
sults indicate that either variable may be used. The inconsistent signs 
for E in the two expressions are caused by either the correlation be­
twee~ the income and equity variables or the inappropriateness of the 

'Regressions were run including farm size (cropland per farm) and the short-term 
interest rate. The farm size variable was significant, the interest rate variable was not. 
The equation·s predicted about as well as those in Table 12.1 because the farm size variable 
is highly correlated with other explanatory variables. 
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logarithm transformation.4 Hence, either income or equity (never both 
variables) is included in later equations. Since the logarithm transfor­
mation does not reflect the influence of E, equations involving this 
variable are estimated only in original values. 

Equations (11.3) and (11.4) are estimated to determine the impor­
tance of wages in the demand for machinery without complications 
caused by other variables. Again the coefficients of wages are not sig­
nificant, perhaps because machinery prices and wage rates have been 
highly correlated over time. The two equations also provide some ba­
sis for evaluating the relevance of current or past prices in the demand 
function. The magnitude and significance of the coefficient of the cur­
rent variable PM/PR are greater, the R 2 is higher and the tendency for 
l;\Utocorrelation, indicated by d, is somewhat less evident in equation 
(11.4). While past prices are important, the influence of past values of 
PR and resource prices tend to enter through the current price and in­
come or equity variables. Equation (11.3) with only lagged values of the 
predetermined variables is useful, however, for predicting machinery 
purchases in the coming year since (PM/PR >t is unknown. Still, the 
prediction may be biased if, as equation (11.4) indicates, the current 
price is important. As a possible improvement over the results sug­
gested by the above two equations, the ratio of current machinery price 
and lagged prices received by farmers, PMt/ PRt-i, was included in a 
least-squares equation (not shown) with other explanatory variables, E 
and T. The magnitude and significance of the coefficient of the price 
variable PMt/ PRt-i were lower than similar quantities in equation 
(11.5), and the modified price was rejected in favor of current price. 
(The current price ratio also represents some influence of past 
prices.) 

The three variables in equation (11.5) explain 97 percent of the 
variation about the mean of QM, and the coefficients of each are highly 
significant. The test of the null hypothesis that the residuals are 

4 The simple correlation between YFt-i and E1_ 1 in original values is -.87. The matrix 
of simple correlations between other specified variables in original values O and logarithms 
L is as follows: 

(PM/PR)t Et-1 T SMt 

0 -.48 .95 .80 .77 
QMt L -.54 .86 .75 .74 

(PM/PR)t 
0 -.30 .05 -.08 
L -.23 .10 -.09 

Et-1 
0 .83 .81 
L .89 .89 

TO .91 
L .89 

The simple correlation between E and QM falls substantially when the variables are trans­
formed to logarithms; thus the relationship between QM and E appears to be linear in 
original values. The insignificance of the coefficient of E in the logarithm equations is 
ascribed to a situation where the logarithm transformation is not appropriate. It should 
be noted that the time variable, T, is always in original values. 



Table 11.1. Demand (Annual Gross Investment) for All Farm Machinery, ~. Estimated bY Least Squares With U.S. Data From 1926 to 1959, 
Omitting 1942 to 1947; Including Coefficients, Standard Errors (in Parentheses) and Related Statistics* 

Equation, 
Transformation PM/PR PM/PR PM/PH PM/PH Sp E YF YF YF YDF G T Q SM 

and Modelt R' dt Constant t t-1 t t-1 t t-1 t t-1 t-2 t-1 t t-¥ t 

(11.1-0) B .97 1.86 1954.30 -8.99 .83 -.70 -16.37 98.85 5.45 40.52 
(1.59) (2.36) (1.63) (11.73) (33.02) (6.64) (11.97) 

(11.2-0) AB .97 1.47 535.75 -7.66 100.99 .030 27.00 
(1.32) (27.62) (.024) (5.87) 

(11.2-L)AB .97 1.77 2.27 -1.42 -.41 .81 .0218 
(.17) (.15) (.17) (.0028) 

(11.3-0) B .92 1.23 188.94 -6.91 1.51 145.20 26.63 
(2.90) (1.96) (36.83) (12.60) 

(11.4-0) B .97 1.38 766.78 -8.82 .41 126.01 27.45 
(1.77) (1.30) (20.87) (7.56) 

(11.5-0) B .97 1.37 852.25 -8.41 124.60 25.99 
(1.18) (20.00) (5.87) 

(11.6-0) A .95 1.27 -111.99 -7.98 .092 42.63 
(1.63) (.022) (4.94) 

(11.6-L) A .96 1.22 2.94 -1.29 .57 .0156 
(.18) (.16) (.0017) 

(11.7-0) A 
1

.96 1.28 -191.26 -7.46 .056 .048 39.61 
(1.46) (.023) (.018) (4.54) 

(11.7-L) A .96 1.26 3.01 -1.30 .59 -.034 .0157 
(.19) (.19) (.144) (.0018) 

(11.8-0) C .97 1.29 -168.19 -7.57 .107 38.62 
(1.26) (.017) (4.14) 

(11.8-L) C .95 .98 3.87 -1.47 .42 .0167 
(.19) (.19) (.0019) 

(11.9-0) BF .97 1.43 771.38 -7.63 99.83 
(1.33) 23.33 .15 

(27.95) (6.17) (.12) 
(11.10-0) F , .96 1.41 109.92 -6.69 

(1.58) 
.056 31.39 .30 

(11.10-L) F .96 1.19 2.98 -1.28 
(.025) (6.53) (.12) 

(.19) .53 .0153 .030 

(11.11-0) BG I .97 
(.23) (.0021) (.127) 

1.57 760.25 -8.83 126.01 
(1.17) 35.20 -.038 

(19.35) (7.98) (.023) 



(11.12-0) G 1.95 1.26 -122.34 -8.17 .091 45.36 -.0099 
(1.75) (.022) (9.69) (.0300) 

(11.12-L) G .97 1.43 4.06 -1.41 .56 .0202 -.28 
(.18) (.15) (.0027) (.13) 

(11.13-0) H , .97 1.86 -648.85 -5.65 4.35 .045 .063 13.24 .46 
(2.10) (2.22) (.024) (.025) (7.72) (.12) 

(11.13-L) H .98 2.04 -.61 -1.36 .85 .21 .70 .0072 .29 
(.29) (.32) (.20) (.20) (.0027) (.13) 

'"Composition of the dependent variable, QM, and the indicated independent variables are discussed in the text. 
t Equations estimated in original observations are designated by O; in logarithms of original observations by L. The time variable, T, is in original values in 

the L equations. Also YoFt-, in the logarithm equations is the logarithms of the simple declining arithmetic average. Expectation and adjustment models are 
presented in Chapter 10. 

l The Durbin-Watson autocorrelation statistic d. Values near 2.0 indicate a random distribution of residuals, values less than 2 and approaching 0 indicate in­
creasing positive autocorrelation, and values greater than 2 and approaching 4 indicate increasing negative autocorrelation. For probabilities see Friedman, Joan, 
and Foote, RichardJ. Computational methods for handling systems of simultaneous equations. USDA Agr. Handbook 94. 1957. 
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uncorrelated is inconclusive. Model B, employing variable E which is 
a measure of farmers' financial position (and a proxy variable repre­
senting income expectations), apparently is one useful equation for ex­
pressing demand for farm machinery. 

The remaining equations in Table 11.1 are included to evaluate the 
relevance of other distributed lag models. Equations (11.6) and (11. 7) 
are model A (Chapter 10) with income lagged one and two years, re­
spectively. While the logarithm transformation in (11. 7) would indicate 
that income before the past year is not important in determining de­
mand for machinery, the coefficient of Y Ft-a in (11. 7-0) is highly sig­
nificant. The magnitudes of the lagged coefficients thus might indicate 
that incomes prior to the year t-2 also influence current demand. It 
seems appropriate to assume some structure of the coefficients per­
mitting estimation of the lag with fewer variables. Equation (11.8), 
model C, is used where YoFt-i is a declining three year average of 
farm income. The coefficient of the variable is highly significant and 
is slightly larger than the combined coefficients of the two income var­
iables in equation (11.7-0). The R2 is increased by each additional in­
come variable in equations (11.6-0), (11.7-0) and (11.8-0), and we se- t 
lect the last equation as "best" for prediction purposes. 

Equations (11.1) to (11.8) essentially are expectation models. The 
appropriateness of the adjustment models F, G and H may be judged 
from equations (11.9) to (11.13). Equation (11.9) combines expectation 
model B and adjustment model F. The low significance of the coeffi­
cient of ~t-1 would suggest that farmers adjust purchases to the de­
sired or equilibrium level in the short run if they are subjectively cer­
tain of favorable prices, income and other explanatory variables; and 
that the adjustment model is inappropriate for annual gross investment. 
Equation (11.10), however, indicates that if expectations are not ade­
quately represented in the model, the adjustment coefficient may be 
significantly different from unity. 

While annual machinery investment may be adjusted to the desired 
level in the short run, a long time may be required to reach the de­
sired stock level. Thus, models Band Gare combined toestimate the 
~justment to the desired level of stocks (11.11). The coefficient of 
thelagged stock variable is not significant, suggesting that the adjust­
ment coefficient, g, and depreciation rate, h, (see Chapter 10) are 
equal to each other. Since the depreciation rate is expected to lie 

~ somewhere between .14 and .25, the adjustment coefficient, g, is also 
-'i xpected to be within that range. Equation (11.12-L), however, indi­

ates that the adjustment coefficient is somewhat larger. 5 

The R2 is large and autocorrelation is not significant in the adjust­
ment model H (equation 11.13). The positive sign of the past year 
price variable, (PM/PR)t-u does not appear reasonable, and the 

•n is interesting to note that if g=h as indicated by (11.11) and (11.12-0), omission of 
lagged stock from the investment function causes few statistical complications (see model 
G, Chapter 10). Equations such as (11.5) and (11.8) then may serve as satisfactory expres­
sions of machinery demand. 
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adjustment coefficient ,54 in (11.13-0) is inconsistent with estimates 
of g in other equations. 

The machinery demand models in Table 11.1 which assume net 
farm income to be an expectational variable appear appropriate in the 
equations estimated in original data. The logarithm equations, based 
on the R 2 , d and a priori knowledge, give less acceptable coefficients. 
The more acceptable linear demand function is consistent with a quad­
ratic production function (a linear marginal value productivity as in 
Chapter 6) for expressing physical relationships in agriculture. 6 

Limited Information Demand Equation 
for All Farm Machinery 

Demand for all farm machinery, as part of an interdependent mar­
ket structure with other farm resources and farm output, is now esti­
mated by limited information. The result is: 

(11.14) QMt = 11907 - 90.1 Pot - 5.0 PMt - 59.2 Pm+ 70.8 PRt 
[-5.7] [-.3] [-2.9] [3.4] 

- 113.9 Nt - 1. 7 (PM/PR )t-i + 197 ,0 Et-i 
[-4.3] [-.15] [.8] 

+ 66.3 rst-i - 6.6 T . 
[2.8] 

The demand quantity, QM, the number of farms, N, operating input 
price, Po, machinery price, PM, hired labor price, PH, and farm 
output price, PR, are endogenous variables. The equity ratio, E, 
short-term interest rate, rs, time, T, and (PM/PR )t- 1 are predeter­
mined variables. The variable, r15 , is coded as 100 times the short­
term interest rate. Price variables are adjusted to a 1947-49 base and 
are deflated by the implicit deflator of the Gross National Product. 
The data extend from 1926 to 1959, omitting 1942 to 1945.7 Standard 
errors were not computed. Elasticities, computed at the arithmetic 
mean of original observations for the 1926- 59 period, are included in 
brackets below the coefficients of all variables except time, T, to aid 
in interpretation of the results. 

• Some error may be introduced because the expectation variables are logarithms of 
simple arithmetic aggregates rather than the sum of logarithms in the "L" equations. Other 
specification and aggregation procedures might improve the comparability of the estimates 
from different transformations. The more favorable estimates from equations estimated 
from original data might result since the linear form may best approximate demand rela­
tionships in the particular period studied. Selection of a different period might reveal ad­
vantages of other transformations. 

7 Rather than sacrifice the data for 1946 and 1947 in the entire model because the back­
log of demand for machinery had not been filled, the data for machinery are "corrected" for 
the condition by using predicted values of Q Mfor 1946 and 1947 from a single-equation 
least-squares demand function estimated from data not including these years. 



Equation, 

Table 11.2. Elasticities of Demand for Annual Investment in Machinery, QM, and for Machinery Stocks, BM, With Respect to 
Price and Net Farm Income Computed From Selected Equations in Table 11.1 • 

Elasticity of QM With Respect to: Elasticity of SM With Respect to: 

PMl PR PM PR 

Transformation Short run Short runt Long run# Short run** Long runtt Short run•• Intermediate runtt Long run§§ 
and Modell (1-2 years) YF§ (1-2 years) (3-4 years) (1-2 years) (many years) YF (1-2 years) (3-4 years) (many years) 

(11.5-0) B -.79 .79 .79 2.37 -.18 -.90 .18 .18 

(11.8-0) C -.71 .74 .71 2.19 -.16 -.80 .17 .16 
(11.8-L) C -1.47 .42 1.47 2.31 -.33 -1.65 .10 .33 

(11.11-0) BG -.83 .80 .83 2.43 -.19 -.95 .18 .19 

*See the text and Table 11.1 for discussion of data, methodology, coefficients, standard errors and related statistics. 
t Elasticities for data in original values are computed at the full-period means. 
i Computed from the coefficient of current price, (I\..i /PR>,. 

.54 2.70 

.49 2.45 

.52 2.60 

.55 2. 75 

§ Computed from the sum of lagged income coefficients. The equity ratio, E, rather than income was included in equations (11. 5) and (11.11). The 
coefficient of E was translated into elasticities with respect to YF by the least-squares regression 

(a) Et+. = -5.57 + .71 YFt + .86 YoFt-1 R' = .80 
(.24) (.24) ' 

where Et+, is the January 1 equity ratio, YF is net farm income and YoF is a declining three year average of YF. The variables are annual data in 
logarithms from 1926 to 1941 and 1946 to 1959. 

#The sum of the short-run elasticity plus the component~ of YF, assumed to be twice the income elasticity based on the equation in text, footnote 
9. For equation (11.8-0), the elasticity is .71 + (2.0)(. 74) = 2.19. 

••Found by multiplying the elasticity of QM with respect to (Pi.,/PRlt by the ratio of mean of QM to SM· 
ttThe short-run elasticity divided by the.adjustment coefficient .20. The adjustment coefficient approximately is equal to the depreciation rate 

according to (11.11-0). The USDA estimated the machinery depreciation to be .19 percent of beginning year stocks for each of the six years from 
1955 to 1960. 

U Found by multiplying the ratio of means by the long-run elasticity of QM with respect to PR. This is the approximate response in total stock 
after Q has been increased to the desired level. 

§§ ~e intermediate-run elasticity divided by the assumed adjustment coefficient, as indicated in footnote tt. The long-run elasticity is the maxi­
mum level of stock achieved after an increase in PR , and may not be reached for several years. If the adjustment coefficient is .20, approximately 
90 percent of the total adjustment will be completed in 10 years. 
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The equation conforms with the least-squares functions in suggest­
ing that the quantity demanded is more responsive to current price of 
machinery than to lagged price. The elasticity of machinery demand 
with respect to farm numbers, N, is -4, indicating that a 1 percent de­
crease in farm numbers tends to be associated with a 4 percent in­
crease in machinery sales. We again run into difficulty with labor 
price, the PH coefficient being negative and indicating labor and ma­
chinery to be short-run complements. The signs of the P 0 and PR co­
efficients are as expected, but the coefficients are unusually large. 

Of predetermined variables, the coefficient of the equity ratio is 
larger than in the least-squares equation (11.5). The sum of PM coef­
ficients (-6.7) is slightly less in absolute value than the coefficient of 
price -8.4 in (11.5). The rs and T coefficients in (11.14) conflict with 
a priori considerations possibly because the gradually changing rs var­
iable absorbed the influence of the time trend and vice versa. We con­
clude that the limited information equation, as we have specified it, is 
less acceptable than selected ones of our least-squares equations for 
expressing machinery demand. 8 

Price and Income Elasticities of Demand for All Machinery 

Table 11.2 includes elasticities of demand for annual purchases, 
QM, and stock, SM, with respect to prices and expected income for 
selected equations in Table 11. 1. The elasticity of annual investment 
with respect to 1\.1 or PR approximately is unitary in the short run. 
The percentage increase in stock is less than one-fourth this amount 
because of the greater initial quantity. PM essentially is a short-run 
variable and is not assumed to be a part of expectations, hence the 
elasticity of QM with respect to PM is the same in the short and long 
run. 

Because of the importance of PR in Y F, the long-run elasticity of 
QM with respect to PR is greater than the short-run elasticity. Two 
equations are needed to translate E in equations (11.5) and (11.8) into 
PR • The equations containing E but not Y F can be translated by as­
suming that E is generated from past income. To determine the rela­
tionship between income and equity, the following least-squares equa­
tion (11.15) was computed from logarithms of annual data extending 
from 1926 to 1941 and 1946 to 1959. 

8 The limited information equation may be less satisfactory than selected least-squares 
equations because of the nature of the identification process. Those equations in the simul­
taneous model which are of greatest interest tend to be specified in detail. Equations of 
least interest tend to be specified less fully. But the conditions for identification indicate 
that the tendency for underidentification is most likely to be found in the equations including 
the greatest number of variables (most adequately specified). Unwittingly, the researcher 
gets less satisfactory results from the equations in which he has greatest interest because 
of a tendency for underidentification. Also, some difficulties undoubtedly arise because of 
multicollinearity when many variables are specified in the equation. Some variables were 
omitted, of course, to reduce collinearities in the matrix of predetermined variables of the 
reduced-form equations. 
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(11.15) 
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= -5.57 + .71YFt + .86YDFt-i' 
(.24) (.24) 

R 2 = .80 

Equity is estimated as a function of net income Y F and a declining av­
erage of net income Y DF • The equation indicates that a sustained rise 
of 1 percent in net income will increase the equity ratio 1.57 percent. 
Since the elasticity of QMwith respect to E in (11.5) is .50, the elas­
ticity with respect to Y F is approximately (.50) (1.57) = • 79. The result 
is similar to the results of (11.8-0} in which income was directly in­
cluded. The implication is that model B provides a relevant proxy 
variable for net income in the investment function. 

A definitional equation used to relate net income to PR /Pp pro­
vided a basis for translating net income into prices. The estimated 
elasticity of net income with respect to PR /Pp is 2.0.9 Therefore the 
elasticity of QM with respect to PR computed from the income compo­
nent of (11.5) is approximately (2.0) (.79) = 1.58. The total long-run 
elasticity of Q Mwith respect to PR is therefore . 79 (due to ~/PR) 
plus 1.58 (due to E), or 2.37. The result agrees favorably with the es­
timates of other equations and indicates that a 1 percent increase in PR 
tends to raise annual investment slightly more than 2 percent in the long 
run. Some_disparity exists between the original value and logarithm 
equations in allocating the influence of PR in PM /PR and YF . Since 
the logarithm equation tends to allocate more influence to PM/PR and 
less to YF, the- short-run elasticity is greater in equation (11.8-L), but 
the long-run elasticities are surprisingly similar between transforma­
tions. 

Once the desired level of annual purchases is reached, the stock of 
machinery continues to grow until gross investment equals deprecia­
tion. The maximum (long-run) level of stocks is reached much later 
than the maximum (long-run) level of annual investment. The esti­
mates of stock elasticities in Table 11.2 are computed basically from 
the annual investment elasticities. The ratio of the investment mean to 
the stock mean was multiplied by the annual investment elasticities to 
form the short-run and intermediate-run stock elasticities. The long­
run elasticity is based on equations (11.11-0) and (11.12-0), which indi­
cate that the adjustment and depreciation rates are approximately 

"The definitional equation relating net income, YF, to prices paid, Pp, and prices re­
ceived, PR, by farmers for the i=pecified period is 

YFt = K + 174(PR/Pp) 1910 _ 25 + 192(PR/Pp) 1920 _ 41 + 211(PR/Pp),940 _ 59 

(13) (15) (12) 
[1.66] (1.68] (1.99] 

d = 1.91 R2 = .94 

where K refers to the constant and other variables such as technology in the equation. 
Based on the equation, estimated from 1910-59 untransformed observations (excluding 
1942-45), the marginal response of net income to a given price change is increasing over 
time. The average elasticity, in brackets, was 1.66 for 1910-25 and 1.99 for 1946-59. For 
further details see Tweeten, 21?.· cit., Appendix B. 
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equal. From prior knowledge of the depreciation rate, the adjustment 
rate is assumed to be .20. Results in Table 11.2 suggest that stock is 
relatively unresponsive to changes in price in the short and intermedi­
ate run, a 1 percent rise in prices received, PR, tending to raise stock 
only by one-fifth of 1 percent in the first one or two years. However, 
in several years stock may be increased between 2 and 3 percent. 10 

The length of time required to reach this percentage depends on the 
adjustment rate. Because prices received by farmers fluctuate more 
extremely than machinery prices, a major portion of the past variation 
in investment activity is associated with farm output price, PR . 

Cromarty's least-squares estimates of short-run demand elastici­
ties for machinery purchases with respect to ~ is - 1.0, PR is • 7. 11 

His results agree quite closely with those of this study. Cromarty 
makes no estimate of long-run elasticities, but if we use the above es­
timate to translate income elasticity to price elasticity, the long-run 
elasticity of annual purchases with respect to PR is .7 plus (2.0) (.5) 
= 1. 7. His study also includes farm assets as an explanatory variable, 
and if the PR influence on assets is included, the total elasticity might 
be very near the estimates of this study. 

Trends and Projections in All Machinery Purchases 

Figure 11.1, showing actual and predicted values of annual farm 
machinery purchases, illustrates the wide variations which have taken 
place in purchases. The pattern reflects especially the importance of 
relative machinery and farm product prices and net farm income. Ma­
chinery purchases are much more sensitive than operating input pur­
chases (see Chapter 13) to changes in prices received by farmers. 
Machinery purchases fell sharply in the depression years and again in 
1938 when farm output prices dropped appreciably and farm machinery 
prices remained highly constant. Improved machinery, new models, 
favorable prices and other factors undoubtedly contributed to the large 
amount of purchases in the late 1940's. As the backlog of machinery 
orders was filled and farm income declined, demand for machinery 
fell rapidly in the 1950's. Based on actual observations, the downward 

10 The number of years, N, required for a specified proportion, A, of total adjustment, 
given the adjustment rate, g, is 

N _ log (1-A) • 
- log (1-g) 

If A = .9, g = .2, then N = 10. That is, 10 years are required to make 90 percent of the ad­
justment to the equilibrium level of machinery stock. The number of years required for 
the adjustment of stock is conservative because the formula assumes the annual investment 
is at the equilibrium level. Because three or four years are required for annual investment 
to reach this level, an adjustment may be made in the time required to reach the equilibrium 
level of stock by adding two or three years to N above. 

u Cromarty, William A. The demand for farm machinery and tractors. Michigan Agr. 
Exp. Sta. Bul. 275. East Lansing. 1959, p. 40. 
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Figure 11.1. Trends in purchases of all farm machinery QM from 1926 to 
1960 (predicted and projected estimates from equation 11.8-0). 

trend in machinery demand, during the postwar era analyzed, showed 
few signs of reversal. 

Although (11.8-0) appears, statistically, to be one of the better pre­
dicting models, our ex post comparisons show that it errs quite ex­
tremely in periods of rapid downturn in demand. As an example, the 
extrapolated value for 1960 considerably overestimates the actual 
quantity (a preliminary estimate). 

Machinery purchases, projected for 1965 from (11.8-0), depend on 
the assumed future values of the major independent variables, prices 
and net farm income. The projected estimate is based on net income 
at the 1955-59 average value. Relative price PM/ PR has increased 10 
percent in the five years preceding 1960, and also is assumed to in­
crease the same percentage from 1960 to 1965. The projected pur­
chases, approximately 2 billion 1947-49 dollars, are slightly greater 
than the predicted 1960 value. At current depreciation rates, nearly 
2 billion 1947-49 dollars gross investment is required to maintain 



MACHINERY AND EQUIPMENT 303 

existing stock. Thus, the projected gross investment is consistent with 
a projection of no appreciable change in stock level for 1965. 

The projections imply (based mainly on technological and other in­
fluences reflected in the time variable) that the downward postwar 
trend in purchases will not continue. The extent to which the projec­
tions are realized depends on the structural validity of the equation and 
also on the prices received by farmers, the most volatile element in 
the price and income variables. 

Limited Information Supply Estimate for All Farm Machinery 

The decoded supply equation for all farm machinery paralleling 
(11.14) is 

(11.16) PMt = -18. 75 + .0218 QMt + .93 Prst - .32 Ct 
(.0084) (.27) (.17) 

where PM is defined previously, P 18 is the wholesale price of iron and 
steel and C is a structural variable with a value of zero in each pre­
war year and 100 in each postwar year. Prices are deflated by the 
general price deflator of the Gross National Product, with the base 
1947-49 = 100. The period analyzed again is 1926-59 with 1942-45 ex­
cluded.12 

The computed price elasticity of machinery supply is 2.92. The co­
efficient of Q Mis more than twice the standard error (in parentheses) 
and probably is not equal to zero. The coefficient indicates the price 
flexibility, and if it is near zero the supply elasticity is very large. 
The approximate confidence limits for price elasticity, computed from 
the inverse of two standard deviations on each side of the price flexi­
bility coefficient, are 1.8 to 4.1. The estimate indicates that the short­
run elasticity of machinery supply is high, but not infinite. In an ear­
lier, slightly modified and less acceptable structural model containing 
the same variables as in equation (11.16) but with actual rather than 
predicted values of QM for 1946 and 1947, the coefficient of QM was 
smaller than the standard error, a result consistent with the hypothe­
sis that machinery supply is perfectly elastic. Although equation 
(11.16) indicates supply is not infinitely elastic, price is suggested to 
be relatively unresponsive to quantity changes in the short run. 

The quantitative estimates are consistent with the discussion in 
Chapter 3; that is, the low supply elasticity for labor (Chapters 8 and 9) 
and high supply elasticity for machinery are a basis for low labor re­
turns in agriculture. 

The conclusion that farmers are price takers (quantity a function of 
price) and manufacturers are price setters (price a function of quantity) 

12 To adjust for the latent demand in 1946 and 1947, values of QM predicted by a least­
squares equation, estimated without the two years, were used as observations in the simul­
taneous model for 1946 and 1947. 



Table 11.3. Demand (Annual Gross Investment) Functions for Motor Vehicles, QMV• Estimated by Least Squares With U.S. Data From 1926 to 1959, 
Omitting 1942 to 1947; Including Coefficients, Standard Errors (in Parentheses) and Related Statistics• 

Equation, 
Transformation liktv /1\:i, liktv /PR liktv /PH PMV /PH SP E YF YF YF YoF G T QMV 

and Model t a• dt Constant t t-1 t t-1 t t-1 t t-1 t-2 t-1 t t-1 

(11.17-0) B .95 2.16 1332.91 -5.77 .95 -.04 -14.39 60.17 2.82 27.38 
(1.21) (1.78) (1.28) (8.71) (23.43) (4. 71) (8.96) 

(11.18-0) AB .93 1.57 335.94 -4.33 56.36 .015 15.31 
(1.09) (21.48) (.19) (4.73) 

(11.18-L) AB .93 1.52 2.33 -1.15 -.23 .59 .0189 
(.21) (.19) (.22) (.0037) 

(11.19-0) B .88 1.39 -27.09 -3.97 1.68 91.21 14.40 
(2.03) (1.33) (23.41) (8.43) 

(11.20-0) B .94 1.64 235.61 -6.11 1.35 72.62 19.39 
(1.40) (1.00) (15.20) (5.68) 

(11.21-0) B .93 1.51 490.84 -4.72 68.66 14.87 
(.97) (15.17) (4.67) 

(11.22-0) A .91 1.43 -24.51 -4.55 .050 24.15 
(1.21) (.015) (3.71) 

(11.22-L) A .92 1.43 2.77 -1.08 .44 .0153 
(.21) (.18) (.0021) 

(11.23-0) A .93 1.46 -63.32 -4.25 .030 .026 22.40 
(1.16) (.017) (.013) (3.61) 

(11.23-L) A .93 1.47 2.88 -1.09 .48 .059 .0155 
(.22) (.21) (.165) (.0022) 

(11.24-0) C .93 1.47 -51.38 -4.31 .058 21.90 
(1.04) (.013) (3.40) 

(11.24-L) C .92 1.28 3.51 -1.22 .32 .0164 
(.21) (.20) (.0023) 

(11.25-0) BF .93 1.61 458.87 -4.41 61.18 13.70 .095 
(1.lll (19.79) (5.12) (.159) 

(11.26-0) F .92 1.64 37.46 -3.92 .037 19.31 .22 
(1.26) (.018) (5.12) (.16) 

(11.26-L) F .93 1.41 2.72 -1.12 .54 .0163 -.098 
(.22) (.25) (.0027) (.167) 

(11.27-L) H .95 2.30 -.64 -1.17 .73 .25 .71 .0085 .11 
(.35) (.38) (.24) (.24) (.0033) (.17) 

*Composition of the dependent variable, QMV, and the indicated independent variables are discussed in the text. 
t Equations estimated in original observations are designated by O; in logarithms of original observations by L. The time variable, T, Is in original values in 

the L equations. Also, Y DFt-, in the logarithm equations Is the logarithm. of the simple declining arithmetic average. Expectation and adjustment models are 
presented in Chapter 10. 

tThe l).Jrbin-Watson autocorrelation statistic d (see Table 11.1). 

~- . ~-- ✓ ••... 
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should not necessarily be inferred because we normalize on quantity in 
(11.14) and on price in (11.16). The limited information coefficients 
are independent of the direction of normalization, and the results would 
have been the same for the equations normalized on other endogenous 
variables. 

The coefficient of Prs indicates that a 1 percent increase in iron 
and steel price is predicted to raise machinery price 1 percent (11.16). 
The variable reflects the price of iron and steel, but also includes the 
effects of wage rates correlated with P 15 • 

DEMAND FOR MOTOR VElllCLES ESTIMATED 
BY LEAST SQUARES 

The specification of the demand function for motor vehicles is sim­
ilar to the previous model for all farm machinery. The logic of the 
specification is similar to that discussed previously in this chapter and 
in Chapter 10. Variables included in demand functions for motor vehi­
cles are: 

QMVt = the dependent variable, a weighted two-price aggregate 
of motor vehicle purchases during the current calendar 
year expressed in millions of 1947-49 dollars. The 
variable, including tractors, trucks and the productive 
portion of automobile purchases (assumed to be 40 per­
cent), is weighted as discussed in the previous section 
on all farm machinery. 

(PMv /PR\ = the current year index of the ratio of prices paid by 
farmers for motor vehicles to prices received by 
farmers for crops and livestock. 

(PMv /PH )t = the current year index of the ratio of prices paid by 
farmers for motor vehicles to the hired labor .wage 
rate on farms. 

The remaining variables specified in the demand function (Sp, E, 
YF , Y DF, G and T) are discussed in the previous section on all farm 
machinery. Variables are annual data for the period 1926-59, with 
1942-47 excluded and 1947-49 = 100 for price indices. 

The Estimated Demand Equations 

Coefficients, standard errors and related statistics for motor vehi­
cle demand equations presented in Table 11.3 are similar to the re­
sults in Table 11.1. The price of motor vehicles relative to prices re­
ceived in the current year, equity or income, and time appear to be the 
uniformly significant variables in the numerous equations estimated. 
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Equation (11.18) indicates that either income or equity, but not both 
variables, needs to be specified in a given demand equation. The three 
coefficients in equation (11.21-0) are all highly significant. The coeffi­
cients of G and PMv /PH in equations (11.17), (11.19) and (11.20) do 
not suggest that farm wage rates and government programs, as meas­
ured here, have played significant roles in the rising demand for farm 
machinery. 

The additional lagged values of net income, in equations (11.22-0), 
{11.23-0) and {11.24-0), show the sum of income coefficients to in­
crease from .050 to .056 to .058 as successive income variables are 
included in the respective equations. Increments in the magnitude of 
the coefficients and R2 suggest that additional lags beyond t-3 might 
improve the equation very little. 

One conclusion from Table 11.3 is that gross annual investment in 
productive motor vehicles might be expressed simply by the current 
price, (~v /PR)t, time, T, and by one or more variables such as E 
or Y F expressing financial or income structure in the demand function. 
However, inconsistencies exist between equations estimated in original 
values and in logarithms. While each is an acceptable form and the 
degree of autocorrelation is not high in either, those estimated in orig­
inal values more clearly reflect the influence of past income on motor 
vehicle purchases. 

A demand equation, not included, was estimated with QMv a func­
tion of current price, past year income, cropland per farm, the short­
term interest rate and time. The coefficient of the short-term interest 
rate was highly insignificant; the coefficient of the farm size variable 
was significant and negative. Because farm size is highly correlated 
with other variables, did not improve the R2 appreciably and raises 
questions about the direction of causality, the variable was not retained 
in the equation. Current year machinery prices may be known and 
current year prices received unknown when machines are purchased. 
Accordingly, the ratio of current machinery price to past ye-ar prices 
received was included in the demand equation with other explanatory 
variables, E and T. This price variable was considered inferior to 
current price and was not retained in subsequent equations. 

Price and Income Elasticities of Demand for Motor Vehicles 

Demand elasticities for motor vehicles, QMV, are slightly lower 
but similar to those for all machinery in Table 11.2. Based on equa­
tions (11.23-0) and (11.24-0), the price elasticity of demand computed 
at the means for the entire period with respect to (PMv /PR )t is - .64. 
The demand elasticity with respect to YF computed from the same 
equations is .66. Using a definitional equation (see footnote 9) to 
translate income to price elasticity, the elasticity of Q MV with respect 
to Pp is -(2.0) (.66) = -1.32, and with respect to PR is .64 plus 1.32, or 
2.0 in the long run. Similarly, the respective total elasticities of QMv 
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with respect to P.Mv, Pp and PR. from equation (11.23-L) are -1.1, -.84 
and 1.9. It appears that the instability in relative magnitudes of the 
price and income elasticities between the original value and logarithm 
equations may arise from the importance of PR in the variables. The 
logarithm equation indicates a heavier weight for current price, the 
original value equations a heavier weight for income (past price). But 
the total long-run elasticity of QMv with respect to PR is approxi­
mately 2.0 for both forms. 

Because mean annual purchases are approximately one-fourth of 
the mean stock of motor vehicles, the percent increase in stock from a 
1 percent increase in PMvfPR is (.25) (-.64) = -.16 based on equations 
(11.23-0) and (11.24-0). The elasticity of stock at the time (three or 
four years) when annual purchases have reached the desired level is 
referred to as the intermediate elasticity of stock. It is approximately 
(.25) (2.0) = .5 with respect to PR according to the above equations. If 

\ 
we assume the adjustment coefficient ~the long-run elasticity of 
stock with respect to PR is .5/.2 = 2.5. ~ is the correct adjustment 

' rate, approximately 10 years are required to make 90 percent of the 
adjustment to the long-run level of stock. The 1 percent increase in 
PR is assumed to be sustained at the same value throughout the entire 
period, of course. 

Trends and Projections of Motor Vehicle Purchases 

The purchases of motor vehicles fell appreciably in the depression 
years, in 1938, and after the postwar high (Figure 11.2). In the imme­
diate postwar years, farmers spent more than twice as much for motor 
vehicles as in 1940. The demand quantity in the postwar years began a 
downward trend that continued through the period analyzed. In some 
recent years, annual investment has been below the 1941 level. 

Equation (11.24-0) is used for the "ex post predictions" in Figure 
11.2. The extrapolated quantity for 1960 overestimates demand by a 
sizeable amount. The prediction error, larger than expected from 
normal sampling variation, may stem from failure to account for re­
cent structural changes in the demand function. 

Motor vehicle prices increased approximately 10 percent in the five 
years preceding 1960. Using a price ratio, PMv /PR , 10 percent above 
the 1960 price and net income at the 1955-59 average, the 1965 pro­
jected quantity is slightly greater than the predicted 1960 quantity. The 
1965 projection is approximately the level of purchases required to 
maintain the 1960 stock of machinery, assuming the past 21 percent 
depreciation rate. Again the projections depend heavily on the under­
lying price and. income assumptions. The projection quantity for 1965 
is nearly the same as the predicted 1960 quantity because increasing 
relative price, depressing QMv, tends to compensate for increases in 
demand through improvements in vehicle quality and other factors em­
bodied in the positive coefficient of T. Other values of prices and 
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Figure 11.2. Trends in purchases of motor vehicles QMv from 1926 to 1960 
(predicted and projected estimates from equation 11.24-0). 

income would provide different projections. No estimate is made of 
the standard error for 1965 projections, but it is expected to be large 
for extrapolations several years in advance. 

MACHINERY AND EQUIPMENT DEMAND FUNCTIONS 
ESTIMATED BY LEAST SQUARES 

Using parallel models to those above, we now estimate demand 
functions for machinery and equipment. Machinery and equipment, as 
defined here, includes all farm machinery other than motor vehicles. 
Items ranging from milking machines to combines are included in the 
category. Variables included in the functions are: 

Q~Et = the dependent variable, a weighted two-price aggregate 
of farm machinery and equipment purchases during the 
current calendar year for productive purposes, ex­
pressed in millions of 1947-49 dollars. The variable 
includes planting, harvesting and tillage machines, farm 
wagons, sprayers, gas and electric engines, dairy ma­
chines and haying equipment; it excludes motor vehicles. 

(~E /PR )t = the current year index of the ratio of prices paid by 
farmers for machinery and equipment to prices re­
ceived by farmers for crops and livestock. 
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(PME /PH )t = the current year index of the ratio of machinery and 
equipment prices to the composite farm wage rate. 
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National aggregate data for the years 1926 to 1959, with 1942.:.47 
excluded, are used with 1947-49 = 100 for price indices. Other varia­
bles (stock of productive assets, SP, the equity ratio, E, net farm in­
come, Y F, government programs, G, and time, T) specified in the de­
mand functions are defined in previous sections. 

Estimated Demand Equations 

Results of the estimated demand equations for machinery and 
equipment presented in Table 11,4 are similar to those in Tables 11.1 
and 11.3. R 2 ' s in Table 11.4 generally are greater than those in Table 
11.3, and the adjustment coefficients in equations (11.36) and (11.37) 
suggest that about 70 percent of the shift to the equilibrium position for 
machinery and equipment purchases is made \.in the short run. The re­
sults in Table 11.4 thus support the same adjustment conclusions as 
Table 11.1 and Table 11,3: If farmers are subjectively certain that 
prices and financial circumstances are favorable, they are not severely 
restrained by institutional, psychological or technological barriers in 

1 making a rapid adjustment to desired annual investment levels. The 

\. 
adjustment to the desired level of stock may require considerable time 
despite the rapid adjustment of annual purchases, however. 

Price and Income Elasticities of Demand 
for Farm Machinery and Equipment 

Equations (11.34-0) and (11.35-0) indicate that the elasticity of de­
mand for farm machinery other than motor vehicles with respect to 
(PME /PR )t is - • 75. The total elasticity with respect to income com­
puted from the same equations is approximately .86. Assuming that a 
1 percent rise in (PR /Pp )t increases net income by 2 percent (see 
footnote 9), the long-run elasticity of QME is -1.50 with respect to Pp, 
and .75 plus 1.50, or 2.25, with respect to PR, Similar computations 
with equation (11.34-L) indicate an elasticity of QME is -1.55 with re­
spect to the price variable PME, -(2.0) (.86) = -1.72 with respect to Pp, 
and 1.55 plus 1. 72, or 3.3, with respect to PR (long run). (The elastici­
ties from equations estimated in original observations are calculated 
at the means of the variables.) Using the average of these estimates, a 
sustained 1 percent increase in prices received by farmers is expected 
to increase machinery and equipment purchases slightly more than 1 
percent in the short run, and nearly 3 percent in the long run. 

The elasticities of machinery and equipment stock may be approxi­
mated from the above elasticities. Since, on the average, annual pur­
chases are one-fifth of machinery and equipment stock, the short-run 



Table 11.4. Demand (Annual Gross Investment) Functions for Farm Machinery and Equipment Other Than Motor Vehicles, QME• Estimated by Least Squares 
With U.S. Data From 1926 to 1959, Omitting 1942 to 1947; Including Coefficients, Standard Errors (in Parentheses) and Related Statistics* 

Equation, 
Transformation PME/PR PME /PR PME/PH PME/PH Sp E YF YF YF YDF G T. ~E 

and Modelt R' dt Constant t t-1 t t-1 t t-1 t t-1 t-2 t-1 t t-1 

(11.28-0) B .97 1.25 692.73 -3.32 .14 -.77 -3.67 38.82 2.95 14.61 
(.68) (1.10) (.97) (7.57) (15.10) (2.86) (5.92) 

(11.29-0) AB .97 1.25 191.64 -3.11 47.59 .014 10.96 
(.54) (12.16) (.011) (2.46) 

(11.29-L) AB .96 1.90 .91 -1.81 -.69 1.28 .0254 
(.25) (.22) (.24) (.0038) 

(11.30-0) B .94 1.29 173.26 -3.22 .38 55.82 12.18 
(1.02) (.71) (14.97) (4.34) 

(11.31-0) B .97 1.23 433. 73 -2.94 -.58 56.12 9.04 
(.63) (.49) (8.94) (2.68) 

(11.32-0) B .97 1.18 346.25 -3.45 58.17 10.37 
(.47) (8.84) (2.45) 

(11.33-0) A .95 1.10 -121.88 -3.19 .044 18.18 
(.68) (.010) (2.07) 

(11.33-L) A .95 .90 1.87 -1.56 .29 .0151 
(.28) (.25) (.0022) 

(11.34-0) A .96 1.02 -161.47 -2.98 .027 .0224 16.91 
(.61) (.011) (.0080) (1.88) 

(11.34-L) A .95 .83 1.75 -1.55 .86 .060 .0149 
(.29) (.28) (.212) (.0024) 

(11.35-0) C .97 1.04 -147.18 -3.04 .0504 16.43 
(.52) (.0077) (1. 71) 

(11.35-L) C .93 .58 3.15 -1.81 .69 .0161 
(.29) (.28) (.0026) 

(11,36-0) BF .97 1.35 305.48 -3,01 36.91 9.,3 .26 
(,48) (12.50) (2.33). (.11) 

(11.37-0) F .97 1.37 79.16 -2.69 .019 12.04 .39 
(.57) (.011) (2.38) (.11) 

(11.37-L) F .96 ,65 3.26 -1.52 .36 .0127 .28 
(.25) (.31) (.0023) (.12) 

(11.38-L) H .98 1.14 -2.20 -1.46 1.06 .47 .60 .0038 .51 
(.37) (.37) (.25) (.27) (.0028) (.11) 

*Composition of the dependent variable, Q ME• and of the indicated independent variables are discussed in the text. 
t Equations estimated in original observations are designated by O; in logarithms of original observations by L. The time variable, T, is in original values in 

the L equations. Also, Y DFt-, in the logarithm equations is the logarithm of the simple declining arithmetic average net farm income. Expectation and adjustment 
models are presented in Chapter 10. 

t The Durbin-Watson autocorrelation statistic d (see Table 11.1). 
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estimated elasticity of stock with respect to P MEf PR is (.2) (-.75) 
= -.15 based on equatiops (11.34-0) and (11.35-0). Since the adjustment 
rate and ratio between annual purchases and stock are assumed to be 
nearly equal for machinery and equipment, the long-run elasticity for 
stock and annual investment with respect to PR are the same magni­
tude, or 2.25. But the "long run" for QME is three or four years, 
whereas only about 90 percerit of the adjustment to the "long run" of 
stock is made in 10 years (assuming the adjustment coefficient is .2). 
The adjustment coefficient .2 is based on the equations in Table 11.1. 
The long-run elasticity of stock is particularly sensitive to the magni­
tude of the adjustment coefficient. 13 

Trends and Projections of Farm Machinery 
and Equipment Purchases 

The trend in machinery and equipment purchases, shown in Figure 
11.3, is similar to the trend in motor vehicle purchases. The quanti­
ties appear to follow a somewhat more uniform trend in Figure 11.3, 
and there appear to be stronger signs of a reversal of the postwar de­
cline in purchases. Equation (11.35-0) estimates the actual quantities 
somewhat better than those used for illustrations in previous sections. 

Assuming prices 10 percent above the 1960 level and net farm 
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Figure 11.3. Trends in purchases of farm machinery other than 

motor vehicles from 1926 to 1960 (predicted and 
projected estimates. from equation ll.35-0). 

"We again emphasize that difficulty exists in obtaining an accurate estimate of the co­
efficient. The influence of other variables correlated with stock is confounded in the coef­
ficient of the lagged stock variable. The reader may wish to consider the magnitude of the 
elasticity under alternative assumptions about the value of the adjustment coefficient. · 
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income at the 1955-59 value, 1965 purchases of machinery and equip­
ment. are projected to be slightly above the predicted 1960 level. 

The assumption that net income will remain at the 1955-59 level 
may be overly optimistic. It essentially is based on the assumption 
that demand for farm products will expand uniformly with farm output, 
and leave PR unchanged. Gross receipts, however, are expected to be 
greater because more units of output will be marketed. Furthermore, 
farms will become more efficient, producing more output with the same 
or fewer resources. These tendencies to increase income may be off­
set by increased input prices and greater reliance on purchased inputs. 

SHIFTS IN MACHINERY DEMAND 

Shifts in demand for all machinery, QM, motor vehicles, QMv, and 
machinery other than motor vehicles, QME, are similar. Hence, only 
the results for QM are discussed in detail in this section. Changes 
which have occurred in demand for machinery depend on the parame­
ters of the demand functions as well as on the relative shifts in prices, 
income and other relevant variables. The standard partial regression 
coefficients indicate the relative impact that variables can have on the 
demand quantity, QM. These respective coefficients for the price, 
farm income and time variables computed from equation (11.8-0) are 
-1.4, 1.5 and 2.2. These coefficients indicate that the "slowly changing 
influences" represented by the time variable are potentially important 
in determining the demand quantity. The magnitudes of the other influ­
ences are sizeable also, and if historic trends in the price or income 
variables are large, either one could be responsible for a greater por­
tion of the change in QM than the time variable. 

Actual purchases (constant 1947-49 dollars) of all farm machinery 
increased 109 percent since 1926, or at an average compound rate of 
2.25 percent per year. Equation (11.5-0) provides a basis for investi­
gating the sources of the increase. Real machinery price (PM /PR) 
was over 60 percent greater in 1959 than in 1926. (More important, 
perhaps, machinery price declined relative to labor price over this pe­
riod.) If other variables had been at 1926 values but PM /PR had been 
at the 1959 value in 1926, the demand quantity would have been 54 per­
cent below the actual 1926 purchases according to equation (11. 5-0). 
The more than 100 percent increase in demand for machinery during 
the 33-year period can hardly be attributed to a falling price of ma­
chinery relative to prices received. 

Equation (11.5-0) suggests that machinery purchases would have 
been 60 percent greater in 1926 if farmers had experienced the finan­
cial or equity position present in 1959, ceteris paribus. More efficient 
methods of production, substitution of cheap operating inputs for farm 
labor and horsepower, improved management and inflation permitted a 
slight increase in net farm income and a considerable improvement in 
the equity of farmers from 1926 to 1959 despite the rise in the ratio 
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PM/PR. An "accelerator" influence may be evident, since adoption of 
machinery in early years partially was responsible for farmers' in­
creased efficiency and improved financial position that permitted 
greater machinery purchases in later years. 

A major source of the increased machinery demand evidently has 
been structural changes represented by the time variable. The two 
"economic" categories (a) price and (b) earnings or equity, nearly off­
set one another, leaving "structure" to explain almost the entire shift 
in machinery demand since 1926. Perhaps most important of the 
structural changes embodied in the time variable is the continuous im­
provement in the quality and adaptability of machinery. (This is less 
true, however, for shorter periods.) Concurrent with these improve­
ments has been the increased awareness by farmers of the returns and 
convenience from using improved machinery. Of course, it is well to 
remember that the structural and financial categories are not entirely 
independent. 

If the supply of farm machinery were not highly elastic and if a 
small increase in farm demand had brought sharp machinery price in­
creases, farm mechanization undoubtedly would have progressed less 
rapidly. The fact that manufacturers have made farm machines avail­
able in quantities, and of the quality desired by farmers, has been an 
important element helping to explain the rapid growth of farm machin­
ery stock. In turn, the rising stock of farm machinery and substitution 
of machinery for farm produced power has been a significant element 
in the rising farm labor efficiency. 

DEMAND FOR INDIVIDUAL FARM MACHINES 

We now estimate demand equations for individual farm machines by 
single-equation least squares. This analysis is made for specific ma­
chinery categories to circumvent some of the aggregation and technical 
considerations involved in the preceding classes. Estimates for indi­
vidual machines also involve difficulties such as imperfect price series 
for each item, changes in quality of machine resources and special 
problems in intercorrelation among the price and quantity series being 
analyzed. The data are not adequate for estimating separate demand 
functions for large numbers of machines; only the functions for farm 
trucks, tractors and automobiles are presented. 

Least-Squares Demand Equations for Farm Trucks 

Variables included in the demand equations for farm trucks are the 
following: 

= the dependent variable, a price-weighted aggregate of 
farm truck purchases during the current calendar year 
in million 1947-49 dollars. 



Table 11.5. Demand Functions for Farm Trucks Estimated by Least Squares With U.S. Data From 1926 to 1960, Excluding 1942to 1948; 
Including Coefficients, Standard Errors (in Parentheses) and Related Statistics* 

Equation, 
Dependent Variable Prk /PR YoF E T T T STk 

and Model t R2 d:t: Constant t t-1 t-1 (1926-41) (1949-60) (1926-60) t 

(11.39) ~k C .92 .910 -87 -1.60 .0196 7.93 
(.42) (.0045) (1.21) 

(11.40) QTk C .94 1.072 86 -1.42 .0156 3.01 5.36 
(.38) (.0043) (2.12) (1.44) 

(11.41) QTk B .96 1.441 103 -1.55 29.91 3.92 
(.28) (3.92) (1.19) 

(11.42) QTk B .96 1.433 136 -1.53 27.81 3.05 3.64 
(.29) (4.99) (1. 73) (1.27) 

(11.43) 6 STk Cl .63 .842 -192 -1.33 .0184 9.50 -.245 
(.42) (.0049) (2. 73) (.058) 

(11.44) 6 STk CI .79 1.120 -87 -1.39 .0191 9.32 14.35 -.490 
(.33) (.0038) (2.12) (2.44) (.076) 

(11.45) 6STk Bl .82 1.611 -74 -1.45 32.74 8.72 -.330 
(.28) (4.47) (1.88) (.044) 

(11.46) 6STk Bl .86 1.841 -79 -1.54 29.70 8.59 11.09 -.433 
(.26) (4.30) (1. 73) (2.01) (.060) 

*Variables are defined in the text. 
tExpectation and adjustment models are presented in Chapter 10. 
tThe Durbin-Watson d statistic (see Table 11.1). 
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STkt = the stock of farm trucks on January 1 of the current 
year, in million 1947-49 dollars. 

AS Tk = a second dependent variable, S Tkt+i - ST kt. 

(PTk/PR )t = an index of the current year ratio of prices paid by 
. farmers for new trucks to prices received by farmers 
\_for crops and livestock (1947-49 = 100). 

Other variables in the demand function are defined previously. All 
data are original (untransformed) observations for the United States 
from 1926 to 1960, excluding 1942 to 1948. 

The highly significant coefficients of all variables in (11.39) and 
(11.41), Table 11.5, suggest that models Band Care structurally rele­
vant for truck demand as well as for all motor vehicles (Table 11.3). 
The value of R2 and the autocorrelation statistic d indicate certain ad­
vantages for including the equity ratio E rather than past net income in 
the demand functions for farm trucks. 

Equations (11.43) to (11.46) are estimated with first differences of 
stock rather than gross investment as the dependent variable to obtain 
more accurate estimates of the influence of explanatory variables on 
truck stock. Based on the magnitudes of the R2 's, the independent var­
iables predict net investment, AS Tk, less accurately than gross invest­
ment, QTk• Again, (11.45) and (11.46) with E display advantages based 
on the R2 and d over (11.43) and (11.44) with YoF. The average ad-

\
' justment rate (coefficient of STk) is approximately .3, indicating that 

6 to 7 years are required to make 90 percent of the adjustment to the 
desired level of stock after a change in price, income or equity. 

The failure of previous equations to predict accurately in recent 
years implies that structural changes in demand may have occurred. 
To accommodate this possible structural change, (11.40) and (11.42) 
are estimated with separate time variables for the prewar and postwar 
periods, allowing a test of the null hypothesis that the trends in the two 
periods are equal. The similarity of the coefficients of the two trend 
variables in (11.42) provides little basis for rejecting the null hypothe­
sis. The differences in trend coefficients in (11.40), (11.44) and (11.46) 
were not tested statistically, but the results suggest an increase in the 
coefficients in the postwar years. These results are surprising be­
cause of the decline in truck purchases in recent years (see Figure 
11.4) and are consistent with the hypothesis that the postwar trend in 
truck purchases is explained by price, income and equity variables 
rather than by technological and other influences embodied in the time 
variable. 

Inclusion of variables representing farm size, liquid assets and the 
short-term interest rate in the demand functions did not improve the 
results. Also estimates using truck numbers rather than a value ag­
gregate as the dependent variable were less satisfactory. 
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Figure 11.4. Trends in purchases of farm trucks from 1926 to 1960 
(predicted and extrapolated estimates from equation 11.41). 

Price and Income Elasticity of Demand for Farm Trucks 

Computed at the 1926-60 mean from equation (11.39), the elasticity 
of Q Tk is - . 77 with respect to PTk /PR, and . 79 with respect to Y DF. 
The long-run elasticity with respect to PR is approximately - . 77 
+ (2.0)(. 79) or 2.3. A sustained 1 percent increase in ~ is predicted. 
to raise annual truck purchases about 1 percent in one or two years 
and some over 2 percent in three or four years based on (11.39). 

The elasticity of S Tk with respect to PTk / PR is - .19 and with re­
spect to YnF is .22, according to (11.43). Based on the estimated ad­
justment coefficient .245 and the component of PR in Y DF, a once­
for-all rise of 1 percent in prices received by farmers is expected to 
increase S Tk .2 percent in one or two years, .6 percent in three or 
four years and 2,5 percent in eight years. These estimates, computed 
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i 
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from (11.43) at the mean for the entire period, would differ if 1960 
means were used. 
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Cromarty estimated the number of new truck shipments as a func­
tion of price PTk/PR, net income and other variables.14 Based on a 
least-squares equation estimated with data from 1920 to 1955, omitting 
1942-50, he predicted the short-run elasticity of truck demand with re­
spect to price to be -.3; with respect to net income to be .6. These es­
timates are for demand at the wholesale level, those of this study for 
demand at the retail level, and hence are not strictly comparable. 

Trends and Projections 

Purchases of trucks were at a considerably higher level in the post­
war than in the prewar period. The downward postwar trend showed 
signs of reversal from 1956 to 1958, but 1959 and 1960 purchases were 
again in line with the postwar decline (Figure 11.4). Unlike the earlier 
predictions for all farm machinery, equation (11.41) accurately pre­
dicts the actual 1959 and 1960 observations. Based on 1955-59 average 
net income and a 10 percent increase in PTk /~ over the 1960 value 
(the price increased 11 percent in the five years preceding 1960), the 
1965 projected purchase of farm trucks is 337 million 1947-49 dollars. 
Since approximately 350 million dollars gross investment is required 
to meet replacement demand at the current 24 percent depreciation 
rate, the projection suggests that truck stock may decline somewhat 
from the current level. 

Least-Squares Demand Equations for Farm Tractors 

The following variables are specified in the demand function for 
tractors: 

QTrt = the dependent variable, a price-weighted aggregate of 
tractor purchases during the current calendar year, in 
million 1947-49 dollars. 

= the stock of all tractors on farms on January 1 of the 
current year, in million 1947-49 dollars. 

as Trt = a second dependent variable, STrt+i - ST rt. 

(Pr r /PR )t = an index of the current year ratio of prices paid by 
farmers for new tractors (30-39 horsepower) to prices 
received for crops and livestock. 

(P'rr /PR )t = an index of the current year ratio of wholesale prices for 

14 Cromarty, William A. The market for farm trucks. Michigan Agr. Exp. Sta. Tech. 
Bul. 271. East Lansing. 1959. 



Table 11.6. Demand Functions for Farll'\ Tractors Estimated by Least Squares With U.S. Data From 1935 to 1960, 
Omitting 1942 to 1947; Including Coefficients, Standard Errors (in Parentheses) and Related Statistics* 

Equation, 
Dependent Variable P-rr/PR PTr /PR YoF E A T T T STr 

and Modelt R• dt Constant t t t-1 t-1 t-1 (1935-41) (1948-60) (1935-60) t 

(11.47) QTr C .89 1.70 316 -3.26 .0255 6.63 
(.81) (.0074) (1.96) 

(11.48) QTr C .89 2.09 868 -1.67 .0258 -8.32 
(.42) (.0075) (3.48) 

(11.49) QTr C .92 1.81 1020 -3.17 .0177 -32.47 37.86 
(.70) (.0071) (12.48) (12.12) 

(11.50) QTr B .91 1.68 1288 -2.86 19.30 -38.94 41.48 
(.90) (9.80) (12.47) (12.59) 

(11.51) QTr C .93 1.87 771 -3.49 .0207 -27.89 38.23 36.54 
(1.01) (.0099) (16.35) (12.48) (12.80) 

(11.52) QTr B .92 1.73 1001 -3.09 25.40 -33.81 41.73 39.54 
(1.05) (16. 73) (17.04) (12.95) (13.61) 

(11.53) l!.STr CI .91 2.47 789 -2.95 .0183 -26.42 30.70 28.08 -.089 
(.90) (.0090) (14. 77) (11.17) (11.48) (.051) 

(11.54) l!.S'J:r BI .91 2.36 813, -2.57 28.07 -28.08 32.44 27.97 -.081 
(.89) (14.18) (14.51) (11.05) (11.66) (.050) 

*Variables are defined in the text. 
tExpectation and adjustment models are presented in Chapter 10. 
tThe Durbin-Watson d statistic (see Table 11.1). 
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tractors per horsepower unit to prices received by 
farmers. 15 

At-i = cropland acres per farm in the past year. 
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The equity ratio, E, time, T, and net income, Y DF, variables are 
defined previously. The variables are U.S. data from 1935 to 1960, 
omitting 1942 to 1947. Adequate price data were not available prior to 
1935, and the war and immediate postwar period was excluded because 
of a different structure of demand. 

The coefficients of the variables in (11.47), Table 11.6, are highly 
significant and display the signs theoretically anticipated. The price 
variable in (11.48), the wholesale price per unit of horsepower, is also 
corrected for improvements such as rubber tires; electric and hy­
draulic systems. The coefficient is highly significant but the magni­
tude is somewhat less than that of the more "hybrid" price variable in 
the foregoing equation. It would also be desirable to correct the quan­
tity QT r for changes in quality, but data are not adequate for this re­
finement. 

Inclusion of farm size A in (11.49) improves the fit of the equation 
and increases the coefficient of T. Farm size and other variables cor­
related with T influence QTr in opposite ways, and the net influence 
moved the coefficient of the trend variable toward zero in (11.47) and 
(11.48). 

Similar coefficients of the separate time variables in (11.51) and 
(11.52) support the hypothesis that structural influences represented 
by T have shifted tractor demand at the same rate in the prewar and 
postwar years. 

Equations (11.53) and (11.54), with net investment ~STr the depend­
ent variable, display slightly higher d values and slightly smaller (ab­
solute value) coefficients than comparable equations (11.51) and (11.52). 
The adjustment coefficient is .09 according to (11.53); however, addi-

\
tional equations (not included) estimated without A and with a single T 
variable indicated the adjustment coefficient is approximately .13. 

The results in Table 11.6 consistently indicate a negative relation­
ship between farm size and tractor purchases. Of the categories of 
machinery examined, only the tractor demand function is considered to 
be "improved" by inclusion of A when price, income or equity, and time 
variables are adequately specified. This result is consistent with the­
ory since tractors represent major discrete input units, and farmers 
often are able to profitably expand machinery investment only by ex­
panding acreage. Greater output has been possible in recent years de­
spite declining gross investment in tractors (see Figure 11.5) because 
larger farms allow existing tractors to be used more efficiently. Ac­
cording to Table 11.6, tractor purchases QT r may decline up to 4 

'°Based on the John Deere B, 50, 520, 530, 3010 series. See: Facts about John Deere 
tractor wholesale prices in the United States, 1935-1961. Deere and Company. Moline, 
Illinois. 1961. 
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Figure 11.5. Trends in purchases of farm tractors from 1935 to 1960 
(predicted and projected estimates from equation 11.51). 

percent and stock, Sr r , 1 percent by expanding farm size 1 percent. 
The results apply primarily to a short period; in the long run, machin­
ery can be substituted for labor on larger farms and the net influence of 
farm size on tractor demand is less clear. Inclusion of the farm size 
variable introduces the question: Does an increase in farm size de­
crease machinery demand or does a decrease in machinery demand 



MACHINERY AND EQUIPMENT 321 

increase farm size? A joint causal structure dictates a simultaneous 
system such as ( 11.14) and suggests that the monocausal relationships 
including A in Table 11.6 be interpreted cautiously. 

Price and Income Elasticity of Demand for Farm Tractors 

The elasticity of QTr with respect to PTr /PR is -1.1, based on 
(11.51) and using means for the 1935-60 period. With respect to YnF, 
the elasticity is .52. The results indicate that if ~ increases 10 per­
cent and remains at that level, tractor purchases will increase 10 per­
cent in one or two years, and 21 percent in about four years. 

The predicted elasticity of stock from (11.53) ls -.25 with respect 
to PTr /PR and .12 with respect to YnF. The results suggest that a 1 
percent once-for-all rise in PR tends to increase STr .25 percent in 
one or two years, .5 percent in four years and up to 5 percent in 
roughly 20 years. Twenty-eight and 16 years respectively are re­
quired to make 90 percent of the equilibrium adjustment, with adjust­
ment coefficients of .08 to .13. 

Cromarty estimated the elasticity of tractor shipments to be -.5 to 
-.7 with respect to PTr /PR and .2 to .4 with respect to net cash re­
ceipts. 16 Some reasons his estimates are lower than those in this study 
are: (a) he included an asset variable which contains elements of ~ 
not included in elasticity estimates, and (b) his estimates are for 
wholesale shipments of tractors rather than for farm purchases. 

Trends and Projections 

Purchases of farm tractors dropped markedly in 1938, then in­
creased sharply to 1941 (Figure 11.5). The high demand quantity, 700 
million dollars in 1951, was followed by a general decline to 340 mil­
lion 1947-49 dollars in 1960. Because equation (11.51) predicted more 
accurately than others over the entire period, it is selected to depict 
the actual observations. However, it is apparent that inclusion of farm 
size A and separate time variables to account for recent structure 
changes did not prevent a sizeable prediction error in 1960. 

For the 1965 projection, we assume farm size will continue to in.:. 
crease at the current rate and be 6 percent greater in 1965 than in 
1960. Using a price, PTr /PR, 10 percent above the 1960 level, and 
1955-59 average net farm income, the 1965 demand quantity is pro­
jected from (11.51) to be 417 million 1947-49 dollars. This is less 
than the estimated 485 million dollars required to maintain the 1960 
tractor stock, assuming a 21 percent depreciation rate. 

'"Cromarty, William A. The demand for farm machinery and tractors. Michigan Agr. 
Exp. Sta. Bul. 275. East Lansing. 1959. 



Table 11. 7. Demand Functions for Farm Aut!)S (as Production Durables) Estimated by Least Squares With U.S. Data From 1926 to 1960, 
Excluding 1942 to 1948; Including Coefficients, Standard Errors (in Parentheses) and Related Statistics* 

Equation, 
Dependent Variable PA/PR YoF E SL T T T SA 

and Model t R2 dt Constant t t-1 t-1 t {1926-41) (1949-60) (1926-60) t 

(11.55) QA C .61 2.25 222 -2.11 .061 1.08 
(1.62) (.016) (4.52) 

(11.56) QA C .66 2.28 607 -2.68 .030 56.3 -13.32 
(1;58) (.023) (31.3) (9.10) 

(11.57) QA B I .60 2.15 788 -3.01 71.82 -5.28 
(1.54) (19.09) (5.98) 

(11.58) QA B I .65 2.20 888 -3.20 31.50 59.41 -16.50 
(1.48) (29.16) (33.48) (8.53) 

(11.59) t:,. SA CI I .68 2.28 328 -3.39 .039 17.26 22.22 -.434 
{1.87) (.021) (9.66) (7.95) (.100) 

(11.60) t:,. S Bl .70 2.69 417 -3.50 71.57 14.28 14.23 -.380 
(1. 72) (31.40) (9.40) (9.10) (.102) 

*Variables are defined in the text. 
tFor expectation and adjustment models, see Chapter 10. 
tThe Durbin-Watson d statistic (see Table 11.1). 
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Least-Squares Demand Equations for Farm Autos 

Automobiles, more than other durables discussed above, embody 
characteristics of a consumption good. The USDA estimates that 60 
percent of automobile purchases are identified with the farm consump­
tion rather than production sector. It is not possible to determine the 
actual, or even the intended, purpose of auto purchases and therefore 
the classification necessarily must be arbitrary. Yet the specification 
of demand depends on the sector with which car sales and use is identi­
fied. The procedure in this section is first to specify the demand for 
autos as a production good, using substantially the same specification 
as above for other farm machinery. In a second formulation treating 
cars as consumption goods, we estimate a per capita demand equation 
with the demand quantity a function of prices and income deflated by 
prices paid by farmers for items used in living (consumption). 

Variables not defined previously are as follows: 

QAt = a price-weighted aggregate of automobile purchases for 
all purposes by farmers during the current year, in mil­
lion 1947-49 dollars. (Q'.A denotes purchases per capita 
where the farm population is the unrevised, higher esti­
mate discussed in Chapter 18.) 

SAt = the stock of farm autos on January 1 of the current year, 
in million 1947-49 dollars (SA is per capita stock). 

~SAt = SAt+i - SAt • 

(PA /Pc )t = a current year index of the ratio of auto price to prices 
paid by farmers for items used in living (consumption). 

= a declining three year average of past net farm income per 
capita, deflated by Pc (constructed similarly to YoF dis­
cussed previously). 

= January 1 stock of liquid farm assets1 including bank de­
posits and currency, savings bonds and investment in co­
operatives, deflated by prices paid by farmers for items 
used in production, including interest, taxes and wage 
rates. S'u is liquid assets per capita, deflated by Pc . 

The above variables and equity, E, and time, T, discussed earlier 
are national aggregates for 1926 to 1960, omitting 1941 to 1948. The 
"prime" notation refers to quantities or income per capita, and all 
equations are linear in original observations. 

Demand Equations for Autos as Production Durables 

As expected, the adjustment and expectation models depict demand 
for automobiles (Table 11. 7) less successfully than for other durables 
discussed earlier. The coefficient of YoF is highly significant; 



Table 11.8. Per Capita Demand Functions for Farm Autos (as C,onsumption Durables) Estimated by Least Squares With U.S. Data 
From 1926 to 1960, Omitting 1942 to 1948, 1952, 1953; Including Coefficients, Standard Errors (in Parentheses), etc.* 

Equation, 
Dependent Variable PA /Pc YflF E Si, T T T SA 

and Model t R• Constant t t-1 t-1 t (1926-41) (1949-60) (1926-60) t 

(11.61) Q;._ C .82 7.23 -.13 .079 -.0072 
(.12) (.012) (.1956) 

(11.62) QA C .85 15.49 -.14 .053 .41 -.11 -.103 
(.14) (.021) (.27) (.28) (.065) 

(11.63) b. SA CI .82 -.98 -.23 .036 .60 .76 -.462 
(.15) (.023) (.29) (.30) (.070) 

(11.64) b.SJ,,. CI .83 3.23 -.20 .046 .83 1.20 -.431 
(.15) (.019) (.28) (.26) (.062) 

(11.65) b. SA BI .82 8.21 -.20 2.74 .60 .84 -.341 
(.15) (1.21) (.30) (.37) (.084) 

*The variables are discussed in the text. 
tSee Chapter 10 for expectation and adjustment models. 
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however, the coefficient of time is nonsignificant and that of price is 
significant only at the 80 percent (90 percent with one-tailed test) prob­
ability level in (11.55). Inclusion of liquid assets, SL, in (11.56) raises 
the R2 and significance of the T coefficient. The variable "competes" 
with other financial variables, E and YoF, and lowers. the magnitude 
and significance of these variables according to the first four equations. 

The R2 's, though still low, are enhanced slightly in regressions 
(11.59) and (11.60) on net investment. The divided time variables give 
no basis for rejecting the hypothesis that the time trends have been 
equal in the prewar and postwar periods. According to (11.59) and 
(11.60), the adjustment coefficient is .4 for autos, somewhat greater 
than for other machines. 

Demand Equations for Autos as Consumption Durables 

Comparing production equation (11.55), Table 11.7, with consump­
tion equation (11.61), Table 11.8, the latter registers a higher R2 but 
less significant price coefficient. The R2 of equation (11.61), estimated 
in total rather than per capita and including 1952 and 1953 observations, 
was .61, the same as (11.55). The R2 was increased from .61 to .76 by 
converting quantities and income to a per capita basis and from • 76 to 
.82 by dropping the 1952 and 1953 observations. These observations 
were omitted because they deviated markedly from other estimates due 
to the unusual demand structure connected with the Korean War. 

The coefficient of PA/Pc is significant at the 80 percent level (one­
tailed), other variables at the 90 percent level in (11.64) and (11.65). 
The coefficients generally display the expected signs, and the five inde­
pendent variables in each equation together explain slightly over 80 per­
cent of the variation in net auto investment. Some evidence points to an 
increase in the trend, T, after the war, a surprising tendency based on 
the downward trend in annual purchases (see Figure 11.6). The rate of 
increase in gross or net investment is low, however, increasing one 
dollar per person per year if the time coefficient is 1 in Table 11. 7. 
The adjustment rate again is estimated to be approximately .4, indicat­
ing that the time required to make 90 percent of the total desired ad­
justment is five years. 

Price and Income Elasticities of Demand 

The elasticity of demand for QA with respect to PA , computed at 
the 1926-60 mean from production equation (11.55), is - .33; from con­
sumption equation (11.61) it is -.41. Both are lower than previous re­
sults for other durables. Based on the PR component in income, the 
elasticity of QA with respect to PR is .33 in the short run and 2.2 in 
about four years according to (11.55). The long-run demand elasticity 
thus appears similar to that for previous durables. 

With respect to PA , the short-run demand elasticity for stock, SA, 
is -.14 and -.16 computed respectively from (11.59) and (11.64). The 
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Figure 11. 6. Trends in per capita purchases of automobiles by farmers from 
1926 to 1960 (predicted and projected estimates from equation 11.61). 

long-run elasticity with respect to PA is the short-run estimate di­
vided by the adjustment coefficient .4, or two and one-half times larger 
than the short-run elasticity. If production demand equation (11.59) is 
appropriate, the elasticity of SA with respect to l>R is .14 in one or two 
years, .44 in approximately four years and 1.2 in roughly seven years.17 

In 1957 Chow published U.S. demand equations for automobiles es­
timated from national time series for 1931 through 1953, with 1942 to 
1946 excluded.18 Variables specified in the per .capita demand functions 

11 The adjustment rate .4 indicates that five years are required to make 90 percent of 
the adjustment after farmers are subjectively certain of price and income variables. It is 
especially important to adjust for expectations when the adjustment rate is large (say more 
than .2). Since about two or three years are required to form income expectations, we add 
two years to the indicated five year adjustment rate. 

18Chow, Gregory C. Demand for Automobiles in the United States, a Study in Consumer 
Durables. North-Holland Publishing Company. Amsterdam, Netherlands. 1957. See also: 
Chow, Gregory C. Statistical demand functions for automobiles and their use for fore­
casting. In Harberger, Arnold C., (ed.) The Demand for Durable Goods. pp. 149-78. The 
University of Chicago Press. (?hicago. 1960. 
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were prices and quantities of autos, disposable and expected income, 
money stock and time. He found the long-run stock elasticities with 
respect to own-price and income respectively to be -1 and 2. Equiva­
lent elasticities -.4 and .4 computed from equation (11.64) are some­
what less than Chow's results. Because of differences in models, data 
and concepts, the estimates provide no basic inferences about the rela­
tive magnitude of price and income elasticities in the farm and nonfarm 
sectors. 

The trend in auto purchases, characterized by a "trough" in the 
1930's and a high and declining trend after the war, is similar to that 
for other machinery (Figure 11.6). The observations display consider­
able scatter due to measurement errors and other reasons, and (11.61) 
does not accurately predict the actual data. Because of unusually large 
deviations from the trend in 1952 and 1953 stemming from the Korean 
War, these observations are omitted. 

The price variable PA /Pc increased 9 percent from 1956 to 1960. 
Net income did not fall accordingly, as this and other machinery prices 
increased, because of increased farming efficiency and because many 
input prices remained quite stable. Adding 10 percent to the 1960 price 
and averaging 1955-59 net income, the projected 1965 per capita de­
mand quantity is 29 1947-49 dollars. This estimate is slightly below 
the actual 1960 demand quantity, 31 1947-49 dollars, and is consistent 
with the tendency of the 1950's for auto purchases to decrease at a de­
creasing rate. 

SUMMARY OF R~SULTS 

Considerable uniformity exists among productive machinery (other 
than autos) in the models, variables and elasticities which can express 
demand. Except for autos, a simple linear function of three variables, 
the machinery/ commodity price ratio, income or equity, and time ex­
plain a major portion of the variation in machinery purchases. The 
variables predict less accurately in recent years in some instances, 
possibly because the actual data are preliminary and need revision, or 
because structural changes have occurred which cannot be isolated in 
the models because of few time series. Although the models are in­
tended to be structural rather than simply predictive, statistical com­
plications precluded obtaining estimates of the market interaction be­
tween labor and machinery. Undoubtedly, some of these and other 
influences are reflected by the significant and positive time coeffi­
cients. 

Computed from the equations estimated in original observations at 
the full-period means, in round numbers a 1 percent increase in the 
price· of either trucks, tractors or the equipment aggregate Q ME is 
predicted to increase respective annual purchases 1 percent; stock .2 
percent in one or two years. In four years the elasticity of machinery 
purchases Qi with respect to Pi remains about unity, but with respect 
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to PR is 2 or more. A sustained 1 percent rise in prices received by 
farmers is expected to increase stock for these same items .2 percent 
in one or two years, .5 percent in four years and more than 2 percent 
in the long run. The "long run" is reflected in the adjustment rate and 
differs markedly by items. As expected, the lowest adjustment and de­
preciation rates (highest long-run elasticities) are for farm tractors 
and the highest rates are for autos. a. 

Purchases of each machinery category are projected to be nearly 
the same level in 1965 as in 1960. The reason is that influences such 
as a decline in the machinery /labor price ratio and improvements in 
machine quality and versatility, tending to increase demand, are offset 
by rising machinery/commodity price ratios. Since projected annual 
investment roughly equals replacement rates, stocks are projected 
also to remain at or near 1960 levels. Future trends for some items 
not separately examined, e.g. feed handling equipment, are expected to 
deviate significantly from above trends. 


