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ABSTRACT
REGIONAL TRENDS IN THE PRODUCTIVITY OF AMERICAN AGRICULTURE
by

Leland Don Lambert

This thesis describes the construction of new regional data series on
agricultural inputs and their combination with existing regional farm
output series to generate new regional productivity series. The produc-
tivity estimates are global in the sense that all production inputs and
all final products are included. Productivity is defined as total out-
put per unit of total input. Input indices were built up from 87 ac-
counts which were estimated separately. The land input was entered at
the rental cost which removes appreciation from the analysis. That por-
tion of feed and seed inputs, which is producgd on the farm, was deducted
from inputs to avoid double counting. Aggregation was done arithmetical-
ly using a Laspeyres weighted aggregate formula with price weight peri-
ods, 1947-49 and 1957-59 with a splice at 1955. The reference base was
set at 1967 = 100, Regional estimates were made for the 32 year period
1939 thru 1970 and included seven major input subgroups: labor; farm
real estate; farm power and machinery; fertilizer and lime; feed, seed
and livestock purchases; taxes and interest; and a miscellaneous cate-
gory. Regional indices for fixed and variable inputs were also con-
structed.

The new U, S, productivity series was spliced into an existing series
at 1939 to make a continuous series from 1910 to 1970. This longer se-
ries was utilized to examine the relation between productivity change

and the adoption of major agricultural technologies. Economists commonly



Leland Don Lambert
assume that technological change is responsible for shifting production
functions, yet few studies have attempted to link productivity change
to the adoption of major technologies. The major technologies consider-
ed were: mechanization, hybridization, fertilization and pesticides.
Although multicollinearity limits the evaluation of individual techno-
logies, the results indicate that a few major technologies were respon-
sible for the bulk of productivity change during this century. Since
most of the major technologies were fully exploited by the early 1960s,
productivity increase has slackened since that time. For the future,
minor technologies will contribute a modest improvement in productivity
but major change will have to await the discovery of new major technol-
ogy.

In the appendix is a detailed description of many USDA and other data
series utilized as sources of data. There are candid references to the
completeness and accuracy of some of these data sources., The states in-
cluded in each farm production region follows: NORTHEAST: Maine, New
Hampshire, Vermont, Massachusetts, Rhode Island, Connecticut, New York,
New Jersey, Pennsylvania, Delaware, Maryland. CORN BELT: Ohio, Indiana,
Illinois, Iowa, Missouri. LAKE STATES: Michigan, Wisconsin, Minnesota.
APPALACHIAN: Virginia, West Virginia, North Carolina, Kentucky, Tennes-
see., SOUTHEAST: South Carolina, Georgia, Florida, Alabama. DELTA
STATES: Mississippi, Arkansas, Louisiana. SOUTHERN PLAINS: Oklahoma,
Texas, NORTHERN PLAINS: North Dakota, South Dakota, Nebraska, Kansas.
MOUNTAIN: Montana, Idaho, Wyoming, Colorado, New Mexico, Arizona, Utah,

Nevada. PACIFIC: Washington, Oregon, California.
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CHAPTER I

NEED FOR STUDY

We can suppose that the first crude measures of productivity were
simple measures such as milk production per goat. Such measures were
valuable because they formed a basis for improving the herd. Down
through the ages man has developed more and more sophisticated measures.

Productivity indices are now used for a variety of purposes. Pre-
diction of output forthcoming from a given quantity of inputs is one
such use. Also, inputs required to produce a given desired level of
outputs can be estimated with productivity measures. The economy's
maximum capacity to produce is a measure desired during wartime sftua-
tions. Economic development is another area using productivity measures.
The comparative rate of development between nations, geographical regions
and over time periods are of interest to development economists,

Most previous studies of agricultural productivity have been limited
to nationally aggregated indices. These indices are inadequate for
solving many policy problems since interregional differences in invest-
ment and productivity are unknown. Policy makers can more accurately
formulate commodity ad justment programs if they know regional productiv-
ities and their trends.

Many problems requiring productivity estimates are of a regional or
commodity nature. The application of national indices to these problems
produce questionable results. Regional indices are needed for accurate
regional estimates.

The widening spectrum of commercial vs non-commercial agriculture
will eventually require another dimension in the matrix of indices,

however, data for this separation are not yet available.



OBJECTIVE

The purpose of this study was to develop global or total productiv-
ity indices for ten farm production regions in the 48 states for the
period 1939 to 1970. 1Indices were constructed in such a manner that they
could be spliced onto existing U.S., indices which extend back to 1870.
They were also designed to incorporate existing regional estimates of
farm output. Thus the bulk of the problem was the compilation of regional
input indices for the period 1939-70 and the necessary adjustments to make
the input and output indices methodologically comparable.

In view of the previous work already completed and the mass of data
involved, a Laspeyres quantity index was deemed the most practical means
of converting the various inputs and outputs to a common measure. 1947-
49 and 1957-59 were chosen as price weight periods with the index spliced
at 1955. The reference base was set at 1967 = 100.

In so far as the data permitted, factorsand products were entered
in physical terms. The remaining items were deflated with the price in-
dex or combination of price indices judged to be the most appropriate.

A survey of the literature indicated that economists have arrived
at differing estimates of productivity change. The discrepancies are
caused by differences in assumptions, concepts and definitions. Thus a

working definition is in order before proceeding.

PRODUCTIVITY: Definition:

Much confusion surrounds the definition of the word '"productivity'".
In an economic context, the term was first used to denote the average

product of labor as per Peter Steiner:

"Productivity is defined as output per unit of input.
The almost universal measure of input is labor input, and
physical output per man hour is the general measure of pro-
ductivity and the one employed here.'" Peter Steiner, Review
of Economics and Statistics, November 1950, pg. 321,



Here Steiner is referring to a relationship such as equation (1)

(1) Ot = f(Lt’Tt’ut) where

t = time

Ot = index of output

L¢ = index of labor input
T¢ = technology

ut = unexplained residual.

This conception is deficient because it does not really measure
the efficiency or effectiveness of labor since capital and other inputs
are not held constant: e.g., we could replace one-half of the labor
with machinery and output per unit of labor would double with no change
in labor's effectiveness. This type of measure is more nearly a distri-
bution function rather than a production function.

Since the mid-fifties, economists have applied the term to other
partial measures as well as to overall measures of output per unit of

input:

"The term productivity is frequently used loosely to
denote the ratio of output to any related input or
class of inputs. In this sense, there is a spectrum
of productivity ratios, each of which indicates the
savings achieved in particular cost elements over time
as a result of changes in productive efficiency and
factor substitutions. In order to attempt to measure
changes in productive efficiency as such, however,
output must be related to the aggregate of correspond-
ing inputs. This is so because the proportions in
which factors are combined usually change over time
because of changes in_relative factor prices or in
technical knowledge."1

Here, Kendrick is discussing a relationship such as equation (2)

(2) Ot = f(Lt’Kt’Tt’ut) where K = capital input.

lyohn w. Kendrick, "Productivity Trends: Capital and Labor",
Review of Ecomonics and Statistics, Vol., XXXVIII, No. 3, (Aug., 1956).



In a later publication Kendrick used the term '"total factor productivity"
to denote the overall measure. Currently, partial productivities other
then labor are usually labeled as such by economists. However, the term
productivity is still being used to denote both labor productivity and
output per unit of input.

Perhaps a better term for overall productivity would be '"convert-
ibility" or "transformability'". For this study, the term productivity
is defined as total output per unit of total input.

SURVEY OF LITERATURE

The first global or overall measures of agricultural productivity
were made by Barton and Coopet.2 These were annual U,S, estimates for
the period 1910-1945. Barton and Cooper used a Laspeyres weighted
aggregate formula. They experimented with two price weight periods,
1910-14 and 1935-39, concluding that the latter period had some advantages.
Their study indicates that productivity of U.S. agriculture changed
little during the period 1910-1922. There was a gradual but modest
increase in productivity from 1922 to 1935. There was a more rapid
increase during the last 10 years of the period, 1935-45.

Loomis and Barton3

expanded and revised this series by extending
the annual estimates through 1958 and by making decade interval estimates
for the period 1870-1900. Two price weight periods were used for this
study: 1935-39 and 1947-49 with a splice at 1940.
They found that productivity of U.S. agriculture divided roughly

into four periods:
1870-1910 A period of extensification during which a large quantity

of good cheap land was brought into production. Total

inputs doubled during this period. Productivity increased

32 percent.

2Glen T. Barton and Martin R. Cooper, '"Relation of Agricultural

No. 2, (May, 1948), 117-126.

3Ralph A. Loomis and Glen T. Barton, Productivity of Agriculture,
Technical Bulletin No. 1238; U.S. Dept. of Agriculture, 1961.




1911-1940 All of the good cheap land was already in production when
this period started. Most of the land added during this
period was in the semi-arrid plains. The last decade was
beset with the great depression. Total inputs increased
only 18 percent during this period. Productivity increased
only 15 percent.

1940-1950 This was a period of rapid adoption of technology and
rapid increases in productivity. Total inputs increased
only 4 percent. Productivity increased 18 percent.

1950-1958 During this brief period productivity increased even more
dramatically: 23 percent. There was no change in the

quantity of inputs used.

Lave published several papers on the subject of growth models and
technological change. Many of these papers were subsequently summar-
ized in book form.” He briefly outlines the growth models of Solow,
Harrod-Domar, Abramovitz and Kendrick, Johansen and others. There is
also a discussion of the aggregate production function and its relation-
ship to growth models and indices of technological change.

Lave attempted to measure technological change in American agri-
culture at both the county, state, regional and national level. These
were decade interval estimates for the period 1850-1960. However, the
only inputs considered were labor and capital.

Gilbertd reviewed the problems of quality differences which came
up in a previous study of international productivity. He distills out
the relevant principles for application to time series studies. He
concludes that an increase in output can only be defined unequivocally
as an increase in the output of goods common to both the current and

base years. He points out that '"linking in'' new goods should be done

ALester B. Lave, Technological Change: 1Its Conception and Measure-
ment. Prentice-Hall, New Jersey, 1966.

SMilton Gilbert, '""Quality Changes and Index Numbers,' Economic

Development and Cultural Change, Vol. IX, No. 3 (April 1961), pp. 187-
294,




with care due to the differences in production costs and prices between
prototypes and mass production.

Griliches® studied the problem of quality change and its effect on
productivity indices. He criticized the USDA index of automobile prices
as not accounting for quality change. He also criticized the building
cost index as being built up from separate indices of the cost of
material and the cost of labor. This procedure misses the increased
productivity resulting from improved technology.

Griliches also points up the differences in wages reported depend-
ing on whether you ask the buyer or seller and presents a method of
separating out quality change in automobiles using multiple regression
techniques.

Ruttan’»8,9 co-authored three papers concerning agricultural pro-
ductivity measurement. The other authors were Stout and Callahan. These
three papers were apparently based on the same or nearly the same data,
They are the most comprehensive attempt at developing a global productiv-
ity index for U.S. agriculture by regions. The 1962 paper is vague as
to what items were included in inputs and outputs. The 1960 paper states:
(page 54)

"This series is not an ideal measure of the value of
commodities and services produced by farms since it in-
cludes some double counting; interfarm sales of feed and
seed, interstate sales of feeder and breeding livestock,
and the value of inputs purchased from the nonfarm sector

6zvi Griliches, "Notes on the Measurement of Price and Quality
Changes', Studies in Income and Wealth, Vol. 28, Princeton University
Press, 1964.

’Thomas T. Stout and Vernon W. Ruttan, "Regional Patterns of
Technological Change in American Agriculture", JFE, Vol. XL, No. 2,
May, 1958,

8Vernon W. Ruttan and Thomas T. Stout, "Regional Differences in
Factor Shares in American Agriculture 1925-1957", JFE, Vol. XLII, No. 1,
February, 1960.

9V. M. Ruttan and J, C, Callahan, "Resources Inputs and Output
Growth: Comparisons between Agriculture and Forestry', Forest Science,
Vol. 8, No. 1, March, 1962,



which is of farm origin are all included in gross income.

While adjustments for most of these factors can be made

at the national level, it was not possible to adjust the

regional data.”

This series of studies apparently included considerable double counting.

The most comprehensive productivity measurements were made by
Kendrick}o These measures were made separately and in total for 10 in-
dustry groups of which one was agriculture, forestry and fisheries.

Kendrick also made an extensive study of the problem of definition,
alternative concepts, methods of measurement, data limitations, and the
effects of business cycles.

His estimates were compiled with a Laspeyres weighted aggregative
formula with weight periods: 1939, 1947-49 and 1954. Many of the meas-
ures used were drawn or adapted from estimates originally made by Tostlebe,
Strauss and Bean, and other researchers in the Department of Agriculture.

Annual estimates were made for the period 1869-1957.

Comparison of Estimates
The agricultural productivity estimates by Loomis and Barton,
Kendrick, Ruttan, Lave, and those made for this thesis were converted to

a 1950 base and are graphed on Figure 1.
THEORETICAL FRAMEWORK

As indicated above, productivity means what it is defined to mean
and there is more than one definition in current use. For this study
productivity measurement hinges on changes in the rate of total output
per unit of total input, both output and input being measured in constant
dollars. It is concerned primarily with the relationship between factors
and products.

Such a measure 1s closely related to and is often used as a proxy
for technological change. A more accurate measure would be of changes in

the aggregate production function but here we run into problems. The

1oJohn W. Kendrick, Productivity Trends in the United States,
Princeton University Press, Princeton, 1961.
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concept of the aggregate production function as advanced by Solow,11 has

been a subject of controversy since its inception. The purists claim the

problems of aggregating to the industry are formidable, aggregation to
the total economy impossible. On the other side, there are economists
that claim the aggregate production function is almost as legitimate a
concept as the aggregate consumption function.12
Since Solow published his paper in 1957, there has been a wealth of
literature relating productivity indices, indices of technological change
and production functions.13

Most efforts to estimate productivity have centered on one of the
following methods:

I. Arithmetic aggregation: This approach has the advantage of being
easier to compile, easier for the novice to dbmprehend. It implic-
itly assumes a linear production function.

II. Geometric aggregation: This approach weights the inputs with fac-
tor shares rather than prices. It is implicitly related to the
Cobb-Douglas rather than a linear production function. It appeals
to many as being more realistic but is more difficult for the novice
to interpret. Recently a refinement, the CES (constant elasticity
of substitution) function has been developed. This function at-
tempts to estimate the elasticity of substitution rather than
assume it. This function is more difficult to estimate.

For the purposes of this thesis, an index similar to that described by

Domar14 (and used by Kendricle) was considered to be most appropriate,

Hpobert M. Solow, "Technical Change and the Aggregate Production
Function'". Rev. of Econ. & Stat., Vol. 39, (Aug., 1957), pp. 312f.

128ee Kenneth Arrow, H. Chenery, B. Minhas and R. Solow, '"Capital-
Labor Substitution and Economic Efficiency,'" Rev. of Econ. & Stat., Vol.
43, Aug., 1961, pp. 225-40; Murray Brown and J. Popkin, "A Measure of
Technological Change and Returns to Scale," Rev. of Econ. & Stat., Vol.
44, Nov., 1962, pp. 402-11; 2vi Griliches, "The Sources of Measured Pro-
ductivity Growth: U.S, Agriculture 1940-60," Jour. of Political Economy,
Vol. 71, Aug., 1963, pp. 331-46.

135ee Lester B. Lave, Technological Change: 1Its Conception and
Measurement. Prentice-Hall, New Jersey, 1966, pp. 13ff.

14Evsey D. Domar, "On Total Productivity and All That)' Jour. of
Political Economy, Vol. LXX, Dec. 62, p. 597-608.

1550hn W. Kendrick, Productivity Trends in the United States,
Princeton University Press, Princeton, 1961.




10

in view of budget limitations, time constraints and the output work
already completed.

For a two input industry Domar's equation is

(3) 0= A(wa + ibK)

where:

A = Index of Productivity

weight year or period

= wage rate

interest rate

Physical quantity of labor input

= B = €
]

Physical quantity of capital input
This is known as the Laspeyres quantity index and it can be written as:

o
c

Op

wpLe + 1K,

where: c¢ = current year

Output per unit input is then compared to the reference base period
in which both the numerator and denominator = 100. Outputs and inputs in
the reference base will not be equal, the difference being profit. Thus
the index, in a sense, compares the profit rate in the given year with the
profit rate in the base period.

In this abbreviated model only the two inputs labor and capital are
indicated and only one price weight period is implied. The index compiled
includes 87 separate items with two price weight periods:

1947-1949 for the period 1939-1954,

1957-1959 for the period 1955-1970.

The method used to splice these series is discussed in chapter III.

Measurement Problems

In a strict sense, the index should endeavour to measure the
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productivity of that part of agriculture which transforms or creates
goods on the farm. In a practical sense, it is not possible to measure
the price of all items at the farm gate. Inputs are purchased at the
market and products are sold at the market. Thus there is value added
by transportation which is not within the confines of the farm as well
as a host of other problems.

The proliferation of integrated operations now adds another impedi-
ment to price measurement: There is no clean cut transfer of ownership
with a price consideration. Rather there is an agreement to share in
some subsequent sale nearer the retail level in the marketing chain.
Thus, the price received by farmers is, in the case of broilers, based

on a diminishing proportion sold through the open market.

Allocation of Output Change to Change in Inputs and Change in Productivity

Following the procedure developed by Mi111s16 and Boyne}7 it is pos-
sible to separate the change in output into two portions: that caused by
changes in input use and that caused by changes in productivity. Refer-
ring to Figure 2, let

I; = Input level at beginning of period

I = Input level at end of period

P; = Productivity at beginning of period

Py = Productivity at end of period

01 = Output at beginning of period

0y = Output at end of period
Then, 1f we hold the productivity level constant at P; and increase in-
puts from Ij to I;, the change in output caused by the change in inputs
alone is PIISI. If we hold the input level constant at I and increase
productivity to Py, the change in output caused by the change in produc-
tivity alone is IrﬂkP. This leaves the residual AIAP shown by the rec-
tangle ab, which is caused by interaction between the change in inputs

16predreck C. Mills, "Productivity and Economic Progress,' Occa-
sional Paper 38, NBER (1952), pp. 32f.

17David H. Boyne, ''Changes in the Real Wealth Position of Farm
Operators, 1940-1960," Technical Bulletin 294, Michigan State University,
1964,
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and the change in productivity,

By arbitrarily dividing this residual into equal parts, we can allo-
cate the total change in output between inputs and productivity. The part
allocated to the change in inputs is then

PAI + AIZAP

The part allocated to the change in productivity is

I;AP + AIZA—P

Alternatively we can reason that to move from a to b, we must
start at a and end up at b. It is then assumed that the expansion
path 1is a straight line.

The next three chapters of this thesis detail the methods used to
compute the many input accounts, the splicing procedure, output computa-
tion and productivity indexing.

In chapter V are estimates incorporating the Mills-Boyne procedure
and an effort to establish the relationship between productivity and the
ma jor agricultural technologies.

The concluding chapter draws policy implications and outlines ex-

pectations for the future.



CHAPTER II

INPUT COMPILATION

A catalogue of the items included in the input index appears on
appendix pages 104 to 106 . Details concerning data sources and the
methods used to reduce these inputs to constant dollar expenditures also

appears in the appendix. A discussion of associated methodological and
conceptual problems follows:

LABOR

The labor input can be broken down into three general classes:
Hired, operator, and other family labor. Since the labor of the opera-
tor and other family members is not paid, it is difficult to establish a
weight period price or wage for it. It seems reasonable to assume that
the quality of hired labor and other family labor is roughly equal. How-
ever, there is evidence which indicates that the operator's labor is of a
higher quality than hired labor:

a. Most operators who liquidate their farm operations take

higher paying non-farm jobs rather than becoming hired
men.

b. Considering only the set including tenant operators and
hired farm workers, a substantially larger proportion
of tenants accumulate sufficient savings to purchase
farms. These savings must come from one or more of the
following sources:

(1) More hours worked as a result of:
(a) Longer work week,
(b) Less unemployment.
(2) Substantial returns to:
(a) Investment in machinery and livestock,
(b) Management,

(c) Entrepreneurship.

13
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(3) Higher returns per hour worked, or greater efficiency.

c. Professional farm managers often have a choice of operating
their client's farms as either tenant operations or 'direct"
operations. (A direct operation is one run entirely with
hired labor.) Although a professional management firm is
selling more management with a direct operation, they seldom
use this type of operation since it is usually less profitable.

Many researchers apply the mortgage interest rate to the land value,
account for the paid inputs, and label the residual as return to labor
and management. This approach is defective since this residual includes
profit or loss. Thus, the residual can vary with the quality and quan-
tity of both labor and management held constant because of changes in
weather or prices.

If we rule out the residual as a measure of labor input, the only
alternative remaining is the opportunity cost approach. Here we have
some difficulty in identifying the relevant alternative opportunity. Is
it the hired farm wage or the industrial wage adjusted for moving costs?

The hired farm wage implies full employment. Thus, it seems likely
that many underemployed farm operators would receive an average labor in-
come less than that implied by the hired wage. At the other extreme,
there are many operators who are capable of drawing industrial wages and
do so when they leave agriculture.

Few studies have been made to determine where the ''leavers" go and
whether they do better or worse in their off-farm alternative. Loomis}8
working with data from two counties in Southwest Michigan, found that part
time farmers had a preference for farm work. These part time farmers were
asked:

a. How much annual income would you have to have from

non-farm work before you would quit farming and

b. How much annual income would you have to have from
the farm before you would quit working off the farm?

The difference between the two figures, $1,266, is an indication of the

dollar value of the amenities which are associated with farming.

18Ralph A, Loomis, "Working in Two Worlds--Farm and Factory,' Michi-

gan State University Agricultural Experiment Station Research Report No.
32, 1965.
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Because of these amenities, charging the family labor input at
their industrial opportunity cost would result in an entrepreneural loss
for many recent years.

Thus, as a first approximation, a decision was made to charge the
family labor at the hired farm wage. Inspection of the residual indicates
little left over to justify a higher rate.

Labor Quantity

There are three independent series measuring the quantity of farm
labor. The Bureau of Labor Statistics measures the hours worked by those
who work the majority of their time in agriculture. The Statistical Re-
porting Service reports the employment of operators and hired men working
one or more hours during the survey week and other family members working
15 or more hours. The Economic Research Service measures the labor re-
quired to do the work performed.

These measures are graphed on Figure 3. The differences between
the series are believed to be caused by differences in concept and ''stand-
by" time.

A detailed discussion of the labor data appears on appendix pages
107 to 110.

For hired labor, it is possible to compute an additional measure by
dividing the wage bill by the wage rate. These measures are graphed on
Figure 4. The ERS quantities on this graph were derived with the proce-
dure indicated in the appendix. It can be reasoned that the stand-by
time of the family labor does not have to be paid and is thus not an in-
put in the production function. It can also be argued that all committed
inputs should be paid. For those items such as hired labor and machinery,
this is a reasonable argument since the labor will not be available unless
it is paid for standing by as well as working. The machine is paid for
at purchase, thus it is paid whether it is used or standing by. However,
this argument is not valid for the operator's labor. He does not pay him-
self for his underemployment.

The ERS series on labor required is the only complete one for the
entire period. A decision was made to enter the family labor at the ERS

level based on labor required. For hired labor, six percent was added to
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the ERS level to account for "stand-by" time. This is the line labeled
ERS + 6 on Figure 4.

This general procedure is consistent with industrial indices since
they treat labor as a variable input and thus do not pay directly for its

unemployment.

REAL ESTATE

Two means were available to estimate constant dollar values for the
real estate input:

I. Current dollar values of land plus buildings could be deflated

with some appropriate deflator.

II. The physical quantity of land could be multiplied by the weight
period value per unit.

The second method has theoretical advantages, but presents the
problem that the only per acre values available by classes of land ex-
clude building values. 1In either case, some means was needed to convert
the constant dollar value of the stock of real estate into an annual flow
of input.

A decision was made to use method II, thus data were needed on:

1) The quantity of land,

2) The weight period per unit value,

3) The value of buildings,

4) Some means to convert the constant dollar value into

an annual flow.

The Quantity of Land
A decision was made to use the Agricultural Census as a data series

for land quantity since this was the only source available prior to 1950.
Census land classifications have changed slightly during the period in-
volved. There has been a general trend to carry through the sub-classi-
fications with additional refinements and with changes in the headings

and grouping of some classes.

The Value of the Stock of Land

In order to develop the constant dollar value of the stock of land,
it was necessary to develop land classifications which were consistent

with the per unit values, and for the 17 western states, also consistent



Bill. Hours

Hired Labor Hours Comparison

3200

3000

2800

BLS
Wage
2600 | bill
v\
Y
a
(n] o
2400 t ) N\ v—
ERS + 6%
|
ERS / 0
o
2200 2 \,J_>o_
\n
' SRS
A
8
2000 j
1965 1966 1967 1968 1969

Figure 4



19

with the rent/value ratios which were used to convert the stock into an
annual flow of input. The method used and data series are discussed in

the appendix.

The Value of Buildings

In order to build up total land values by classes, it was necessary

to use weight period per acre values which excluded buildings. The opera-
tor's dwelling was not considered to be a production item, thus it was
desired that it be excluded. However, the remainder of the farm buildings
are production items and should be included as an input. Service build-
ing values were available which could be deflated to obtain a constant
dollar value. However, annual regional data were also available on the
value of buildings as a proportion of total real estate value. These
ratios permitted the calculation of a constant dollar value for land plus
service buildings. An illustration of the equation used for this calcu-

lation appears in the appendix.

Conversion of the Stock of Land Into an Annual Flow of Input

Many researchers use the mortgage rate of interest as a proxy for
the earning rate of land. On a national basis this approach might be
acceptable, however, for a regional index, the mortgage rate is defective
because:

1. Both the seller and most prospective purchasers of farm

land are dealing in a local market; however, the mort-
gage rate of interest is determined in a national market.
Loanable funds are quite mobile and go where the inter-
est rate is highest. Hence, what little inter-regional
differences there are in the mortgage rate can be attri-
buted mainly to differential administration costs which
are a function of the size of loans. Moreover, loanable
funds do not confine themselves to the agricultural mar-
ket in seeking the greatest return. Thus, the farmer is
competing with industrial and commercial borrowers when
he approaches the local lending agency.

2. It might be reasoned that a farmer can acquire land by

borrowing the capital. Thus his cost of acquiring land

is the mortgage interest payments. This would be true
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if a farmer could borrow 100 percent of the purchase
price. However, the lender discounts for risk, thus
the bulk of the risk is borne by the owner's equity
which should, ceteris paribus, earn a higher return
for a greater risk.

The mortgage rate of interest implies that the only means of ob-
taining the use of land is to purchase it. Leasing is an alternative
means of obtaining land services. The estimated rent is believed to be
superior because:

3. The decision to buy or sell land may be influenced by

factors other than value in production. Thus a buyer
may pay more than the productivity value of land in
order to:
a. Gain status of landholder,
b. Gain tax advantages,
c. Retain control of birthplace,
d. Speculate on:
(1) General inflation of land prices,
(2) Increase in value due to urban expansion,
e. Live in the country,
f. Live near friends and relatives,
g. Be self-employed,
h. Gain job security.

There are little data available on the aggregate rental value of
all land. However, the rental can be estimated by multiplying real es-
tate values by the ratio of rent to value. By this method we can not
only convert the stock of land into an annual flow but we can also sort
out some of the other factors which we wish to exclude.

Since the tenant does not benefit from appreciation he will only
pay rent on the productivity value (other things being equal), {i.e.,

we let P = the productivity value and

S = the extra payment made for speculation, then
P + S = total land value.
Let R = rent justified by productivity, then the tenant is willing to
pay rent of R based on productivity value P or a rent/value ratio of R/P.
However, the landlord has P + S invested in the land. Thus the ratio of
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rent/value received by the landlord is _ R, a lower figure. Thus the
P+S

rent/value capitalization rate accounts for the extra investment which a
buyer puts into land in order to speculate, or the income foregone by an
existing owner to retain the property.

In a similar manner the rent/value ratio accounts for the extra
payment a buyer makes (or owner foregoes) in excess of the productivity
value in order to: gain status of landholder, gain tax advantages, and
retain control of birthplace.

The rent/value ratio does a less perfect job of separating out ex-
tra payments which an owner makes to gain some of the other amenities:
country living, location near friends and relatives, self-employment,
and job security, since, to a slightly less secure degree, a tenant can
also enjoy these amenities and may pay a rent in excess of that justified
by the productivity value.

Another factor affecting land values is Government programs. A
buyer might pay a premium because of the return possible from participa-
tion in a Government program. However, a tenant would also presumably
pay a higher rental for the same reason. If this factor has as equal
effect, then both the numerator and denominator would be affected equally
and the rent/value ratio would remain constant. However, there is no
certainty that Government programs will continue in the long run. Since
the buyer is concerned with the long run whereas rental contracts are
typically for one year, it is likely that Government programs have a
greater effect on rents than on values. This may be a partial explana-
tion for the high ratios in the cotton and tobacco producing regions.

Data sources and methods used to compile rent/value ratios are dis-

cussed in the appendix, pages 117 thru 119.

INTEREST ON REAL ESTATE MORTGAGES

The procedures outlined for land above would give an accurate esti-
mate of the real estate input providing the farmer owned a 100 percent
equity. However, for that portion of the real estate which is mortgaged,
the appropriate rate for converting from a stock to a flow is the mort-
gage rate of interest. Thus, the constant dollar value of land plus

service buiddings was split into "equity'" and '"mortgaged'" portions by
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using the ratio of current dollar mortgages outstanding to the total
current dollar value of all real estate. The equity portion was then
converted with the rent/value ratio.

Real estate mortgages outstanding were multiplied by the weight
period average interest rate paid on real estate mortgages outstanding.
The product is what it would have cost farmers to borrow the money if
there were no change in interest rates. The interest which the farmers
paid the lending agency declined in purchasing power with inflation.
Thus the product above was deflated with the index of prices paid by

farmers for items used in production, interest, taxes and wage rates.

LAND IN GOVERNMENT PROGRAMS

Underlying the theoretical models for productivity measurement,
are the usual assumptions of equilibrium in both the factor and product
markets. Here we run into difficulty with government programs. We have

chosen to use the Laspeyres quantity index:

Output Index =

Productivity Index = ——
Cch

Input Index = ——
CpQy

where: the P's are output prices, the Q's are quantities, and the C's

are input costs.

Government payments pose a problem since they are an income but not
a product. On the physical production function, there are inputs com-
mitted in order to gain the subsidy but on the output side there is no
physical counterpart. To the extent that Government payments are trans-
fer payments, it would appear that there is no corresponding expense.
However, there is a tendency for the potential profit from subsidies to
be capitalized into the land values. Since there is no certainty that
the programs will continue indefinitely, the potential profit will be
heavily discounted for this risk. However, this discounting will have

little effect on rents since they are for a relatively short term,
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especially cash rents. Since the ratio of net cash rent to value was
used to convert the stock of land into an annual flow, the rents will
be inflated for most of the expected profit from the subsidy. Thus, for
the weight period, the inputs will match the outputs if we include gov-
ernment payments as outputs. Over the entire period, this procedure is
defective however, since part of the payments have been made as price
supports and part as direct payments and there has been a secular change
in the proportions of each.

It would be exceedingly difficult to separate out the benefits of
the price support programs since they affected the free market prices.

A decision was made to do the analysis both ways, with and without
an ad justment for government programs. These results are discussed in
chapter 1IV.

The reasoning used for the government program adjustment follows:

For part of the government programs, the farmer is required to idle
certain resources in order to gain price supports. For these inputs, we
can reason that the inputs committed to the programs are balanced by the
increased value of the output. For some of the government programs, the
farmer can choose voluntarily to retire additional resources (mainly
land) in order to gain a direct government payment. This payment is
generally in excess of the fair rental value of the land retired. Thus
a weight period payment rate was computed by dividing the weight period
payment (for the land voluntarily retired) by the acres so retired.

This weight period payment rate was then applied to the acres voluntarily
retired for the entire period. These estimates were then subtracted from

the real estate input.

DEPRECIAT ION

Current dollar estimates of depreciation were obtained from the
Farm Income Branch, Economic and Statistical Analysis Division, Economic
Research Service, U.S,D.A., (subsequently abbreviated as F,I.B.). These
estimates are compiled as the estimated outlay, in current prices, which
would be required if farmers were to replace the plant and equipment
used up during the year. The estimates are based on a '"declining bal-
ance method" in which a constant percentage representing the annual rate

of depreciation of each type of capital is applied to its estimated
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value at the beginning of each year. A more detailed discussion of
these estimates appears in the appendix.
The price indices used to deflate these current dollar estimates
follow:
Depreciation on service buildings and other structures:
The F.I.B. index of service building construction costs.
Automobile depreciation:
The F.I.B, index of prices paid for new automobiles.
Tractor depreciation:
The F.1.B. index of prices paid for new tractors.
Truck depreciation:
The F.I.B. index of prices paid for trucks.
Depreciation on other farm machinery:

The SRS index of farm machinery prices.

INSURANCE AND ACCIDENTAL DAMAGES TO SERVICE BUILDINGS AND MACHINERY

Referring to the diagram:
Let A + B = insurance premium payments,
B + C = accidental damages,
B = accidental damages covered by insurance,
A = premium payments less claims (or net insurance premiums),

C = uninsured accidental damages.

If farmers did not have insurance they would be out B + C, By buying
insurance they are out an additional amount A since premiums (typically)
exceed indemnities.

Current dollar estimates for this input were obtained from the Farm
Income Branch, ESAD. These estimates were compiled as net insurance

premiums and total losses. The net insurance premiums were deflated
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with the SRS index of prices paid for building and fencing materials.
Total losses were deflated with the FIB index of farm service building

construction costs.

MAINTENANCE OF SERVICE BUILDINGS AND MACHINERY

Current dollar estimates were obtained from the Farm Income Branch.

These estimates cover repairs and maintenance of farm service buildings,

and repairs and maintenance of motor vehicles and farm machinery. A

detailed summary of the method of compilation appears in the appendix.

The price indices used to deflate these estimates follow:

Repairs to service buildings and other structures and land
improvements:

The SRS index of prices paid for building and fencing
Automobile repairs, parts, and tires:

A composite index made up of 0.66 times the BLS index
paid for auto repairs and maintenaangplus 0.34 times
index of prices paid for auto tires.

Tractor repairs, parts, and tires:

A composite index made up of 0.91 times the BLS index
paid for auto repairs and maintenance plus 0.09 times
wholesale tractor tire price index.

Truck repairs, parts, and tires:

A composite index made up of 0.70 times the BLS index
paid for auto repairs and maintenance plus 0.30 times
wholesale price index of truck and bus tires.

Other farm machines: Repairs, parts, and tires:

A composite index made up of 0.98 times the BLS index

materials

of prices
the BLS

of prices
the BLS

of prices
the BLS

of

prices paid for auto repairs and maintenance plus 0.02 times

the BLS index of prices paid for auto tires.

19During the war period and for some of the earlier years of the
period, BLS figures were not available. SRS prices were used to bridge

these gaps in BLS figures.

About 1/3 of the expenditures for the automobile repairs, parts,

and tires account was for tires, thus the indices were weighted

2/3 for

repairs and parts and 1/3 for tires. Similar reasoning was used for

weighting the indices for farm machinery.
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GRAZING FEES

Fees for grazing on public lands were compiled as physical quanti-
ties times weight period prices per unit. For most classes of public
lands, the unit was acres, for National Forest land, the unit was animal
unit months,

Most of the fees on public lands are set at less than the fair mar-
ket value. In most cases, the difference between the fee charged and
the fair market value is a subsidy which is capitalized into the value

of the adjoining ranch and thus shows up as land input there.

THE VALUE OF INVENTORY STOCKS

Machinery:
For farm machinery and motor vehicles, national total current dollar

inventory values as of 1 January were available from the Farm Income
Branch, ESAD, The current year 1 January figures were averaged with the
1 January figure for the following year to approximate an annual average.
For tractors, trucks and the production share of automobiles, the nation-
al total figures were distributed to regions with the number of machines
or vehicles on farms.

To date, there are only two observations on the distribution of
other farm machines to regions:

1) the 1949 Census,

2) the 1955 Survey of Farmers Expenditures.
The 1949 distribution was used for the years 1939-48, A straight line
interpolation of the proportional distribution was used for the period
1949-55. The 1955 distribution was used for the period 1956-date.

The following price indices were used to deflate the current dollar
estimates:

Automobiles: The FIB index of prices paid for new automobiles,

Tractors: The FIB index of prices paid for tractors,

Trucks: The FIB index of prices paid for trucks,

Other farm machines: The SRS index of prices paid for farm
machinery.
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Livestock and Grain

Constant dollar inventory values for these items were compiled by
multiplying current quantities by weight period prices per unit. For
livestock, the total 1 January inventory value was compiled. For grains
and forages, it was reasoned that inventories were near a peak on 1 Jan-
uary, thus a decision was made to reduce these figures by one half to

approximate an annual average quantity of grains on hand.

Operating Capital
A part of the demand deposits held by farmers are no doubt intended

for consumption rather than production. It is reasonable to assume that
this is likewise true of currency holdings. Since there are no data
available on currency holdings, it was assumed that currency held for
farm production purposes was equal to the demand deposits held for con-
sumption. Thus the total operating capital is equal to demand deposits.
Data on demand deposits held by farmers were obtained from the Agricul-
tural Finance Branch, FPED. They were distributed to regions with the
distribution of total production expenses from the Farm Income Situation.
For the period 1939-48, total production expenses were not available.
Thus, the 1949 relationship between production expenses and total cash
receipts was applied to total cash receipts for the period 1939-48. The
distribution of this derived production expense was used to distribute
demand deposits.

Opportunity Cost of Capital Invested in Inventory and Operating Funds

We were able to estimate the rate of return which farmers receive
on their equity in land by measuring the ratio of rent to real estate
value. Now that we have a return to land, is there any reason to sus-
pect that farmers receive or expect a different rate of return on their
other investments? 1In the past, researchers have customarily used the
mortgage rate for converting land stock to flows and the short term in-
terest rate for converting other forms of capital. We have rejected the
mortgage rate for converting the land stock. Now how does the chattel
mortgage rate fit as a means of converting inventory stocks into an an-

nual flow of inputs?
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Chattel mortgages carry a higher interest rate than land mortgages
because: the loans are smaller, have a shorter term and thus the admin-
istration cost per dollar loaned is higher; the collateral is movable,
thus there is greater risk of default with little means of recourse.

Now these factors that determine the chattel rate have no relation-
ship to the rate of return the farmer receives on the investment in
question. The figure we are trying to approximate is the rate of return
that farmers receive on operating capital. We cannot estimate this di-
rectly since farmers do not separate their return to: investment in
real estate, investment in operating capital, labor, management, entre-
preneurship.

To approach the problem by stages, let us compare, to an owner
operator, a tenant operator who rents for cash. In discussing the land
input, we concluded that a tenant operator may pay a rent greater than
is justified by earnings in order to gain some of the amentities that
acrue to a farm operator, i.e., the status that results from being a
self employed businessman, country living, a location near friends and
relatives. A farmer who owns his own farm gains additional amentities:
landholder status, control of birthplace, additional job security, full
control of management of farm operation and farm residence, land as a
vehicle for speculation. (A tenant operator may speculate on feeder
cattle, however, he cannot expect a long term capital gain such as a
landowner can.)

Thus we can reason that a farmer would expect a somewhat lower rate
of return on his investment in land than he would expect on his invest-
ment in operating capital. However, an investment in operating capital
is more flexible than an investment in land, i.e., a tenant farmer has
less asset fixity than an owner and can get in and out of business with
less transfer costs.

Thus the rate for which we are searching should lie somewhere be-
tween the rent/value ratio and the chattel mortgage rate. In view of
the data available, a decision was made to use the interest rate on real
estate mortgages as a proxy for the opportunity cost of equity capital
invested in inventory.
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INTEREST ADDED BY NON-REAL ESTATE DEBT

Interest on short term debt was handled differently from real es-
tate mortgages in order to simplify computations. For the real estate
input, it was fairly simple to divide this single input into an equity
and a mortgaged portion. But for non-real estate capital, there were 18
items and it would be both laborious and fictitious to allocate non-real
estate debt to each item, so the problem was approached indirectly by
reasoning:

Let L = the cost to the farm of acquiring the use of equity capital,
The real estate mortgage rate was assumed to be a good proxy
for this opportunity cost.

= interest rate paid on non-real estate loans.

S

X total value of non-real estate capital.
P = quantity of short term capital borrowed.
X

- P = equity portion of non-real estate capital.

[

~

>
|}

P) = opportunity cost on equity portion.
SP = interest paid on non-real estate loans.
LX

We can more easily obtain the same results by taking the long term rate

P) + SP = total interest on non-real estate capital.

across the total non-real estate capital and adding on the difference
between the long and short term rates times the principal borrowed, i.e.,

LX + (S - L)P = L(X - P) + SP
The term (S - L)P was then labeled in the input 1list as "Interest added
by non-real estate debt'.

Data were not available on P, the quantity of short term capital
borrowed. The Farm Income Branch did have data on the current dollar
interest paid. The principle can be estimated by dividing interest paid
by the interest rate, i.e., P = SP/S
Data were also not available on the interest rate being paid on short
term loans outstanding. An assumption was made that the current short
term rate lagged one year would be a reasonable estimate of the rate for
loans outstanding.

The rate of interest was defined to be a price, thus additional
manipulation was required to get S on a weight period basis. A mathe-
matical note illustrating the method used appears in the appendix. Also



30

in the appendix is a discussion of the Farm Income Branch's estimates on
interest paid.

The method described above derives the amount of interest that the
farmer would have paid the loan company if there had been no change in
interest rates. It was still necessary to make an adjustment for changes
in the purchasing power of the money paid, thus the figures derived were
deflated with the SRS index of production costs.

FUEL AND OIL

Physical data on fuel and oil consumption were availablé only for
the years 1947, 1948, 1953, and 1959. For that reason, a decision was
made to deflate expenditures available from the Farm Income Branch.

Inspection of regional price movements indicated that a national
price index would not be appropriate since prices moved in different
directions in different regions. Thus, regional price indices were
constructed based on the tank truck price of regular gasoline as re-
ported by the SRS, Price data were skimpy for the early part of the
period. The method used to fill in the void is discussed in the
appendix.

CUSTOM WORK

Except for cotton ginning, there was no series available on custom
work. To the extent that custom work is done by farmers, the input has
already been compiled by its components, i.e., the labor, fuel, depreci-
ation, maintenance, etc., have been accounted for. However, that portion
of custom work done by non-farmers is an input which should be considered.
The data were sparse on this input. A detailed summary of the means

used to build up the estimates appears in the appendix.

OTHER INPUTS IN THE MECHANICAL POWER AND MACHINERY SUBGROUP

Expenditure data were available from the Farm Income Branch for the
remaining input items in this subgroup. These items were deflated as
follows:

Vehicle licenses: The SRS index of prices paid by farmers,

including interest, taxes, and wage rates.
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Vehicle insurance: The SRS index of motor vehicle prices.

Blacksmithing, hardware, and small hand tools: The SRS index

of prices paid for farm supplies.

Electricity: An index constructed from the price per KWH paid

by farmers for electricity.

Harness and saddling: An index constructed from the price of

horse collars.

Details concerning these compilations appear in the appendix.

FERTILIZER AND LIMESTONE

Fertilizers are sold as either straight materials, such as ammonium
nitrate, superphosphate and potash, or as mixtures of straight materials
which are called commercial fertilizers. Price data are available only
on some of the more popular analyses of commercial fertilizers. Price
data were available on most of the straight materials. The Production
Resources Branch, ERS, maintains a data series on the physical quanti-
ties of primary plant nutrients (N,P,K) applied. Thus a decision was
made to value all of the straight materials, whether they were applied
as such or as commercial mixtures, and add on the cost of mixing the
part that was mixed.

A preliminary attempt was made at determining the weight period
cost of mixing the primary ingredients into commercial fertilizers by
taking the price of straight materials (weighted by quantities used)
times nutrient quantities. This gave the cost at the farm level, that
is, what farmers would have paid had they purchased all their fertilizer
at a straight material price. This was then subtracted from the Farm
Income Branchs' total expenditures to get at the difference which would
represent mixing costs. Substantial negative mixing cost in the Corn
Belt and Lake States, indicated that this method would not be appropri-
ate. The difficulty was believed to lie in the method by which the Cen-
sus asked the question concerning fertilizer expenditures. The Census
indicates that some of the answers may have been net of government pay-
ments. This was apparently the trouble since an analysis by states re-

vealed that the discrepancies were in those states which use large
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quantities of rock phosphate.

The method used was as follows:

The composite fertilizer grade was calculated for each region, then
a grade as nearly the same as possible was found for which a price was
available. Mixing cost was then assumed to be the difference between
what farmers paid for this grade and what they would have paid if they
had purchased the equivalent quantity of nutrients at straight material
prices.

Nonfarm use was estimated and subtracted from the total., Details
concerning the procedures used for fertilizers and limestone appear in

the appendix.

FEED AND SEED

Special Problems Associated with Farm Produced Inputs

Of all the inputs compiled, the feed and seed inputs presented the
most problems both:

a. conceptually

b. concerning gaps in the data or the lack of data entirely

c. and concerning major descrepancies in the data.

Conceptual Problems

A small portion of the crops produced is subsequently used for seed.
A large portion of many crops is used for feed for livestock. These
items require special handling since they are both outputs and inputs.
For example, suppose the utilization of the oat crop is:
2 percent is used for seed
80 percent is used for feed for livestock

18 percent is used for food and industrial uses.

If we account the livestock produced as an output, and also the
oats produced as an output we sum to more output than was available for
consumption. To avoid this double counting we have to deduct the inter-
mediate products. That is, the livestock and crop output available for
consumption is equal to livestock output plus crop output minus the crops
used for feed and seed.

Another complication which enters the feed and seed input is the
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processing by '"'middlemen'. 1In the case of oilseeds, the farmer sells
the beans to a processor who separates the oil from the meal. The proc-
essor will in turn sell the meal to a formulator who mixes the meal with
other ingredients and sells this back to the farmer. The value added by
processing and formulating i8 a non-farm input. However, an additional
complication arises from interregional trade. The oilseeds may be pro-
duced in one region but used for feed in a different region. To measure
directly the value added by transportation and handling to grains that
move in interregional trade, we would have to know where the grain came
from. Since complete data on interregional grain movements were not
available, a search was made for an alternative means of measurement.
Two alternatives were available:
1. By making numerous simplifying assumptions, a crude

approximation to interregional grain movements might

be simulated with a linear programming transportation

model. Fox20 made such an analysis for the period

1939-1950. The coefficient of determination between

regional prices estimated by the model and actual

prices averaged 0.88 for the period 1939-48. How-

ever, the r2 was only 0.28 for the drought year (feed-

ing year) 1947-48.

2. The second alternative assumes equilibrium in the feed

and seed supply industry. Using feed as an example,

as diagrammed in Figure 5, suppose 100 bu. of grain

was shipped from the Corn Belt region to the Northeast

region. The price received by farmers for grain in

the Northeast region must be equal to the price re-

ceived by farmers in the Corn Belt plus the cost of

transporting the grain from the Corn Belt to the

Northeast region. If the price in the Corn Belt were

higher, then the Northeast feeder would purchase

grain locally and there would be no movement. If the

price in the Corn Belt were lower, then it would be

20Kar1 A, Fox, "A Spatial Equilibrium Model of the Livestock-Feed

Economy in the United States'". Econometrica, Vol. 21, No. 4, pp547-566.
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more economical for all feeders to import their grain
and locally produced grain could not find a market at
the higher price. Thus, if there is equilibrium, when
we deduct the value of feed fed from livestock produc-
tion, if we value the feed at the price received by
farmers in the region where the imported feed is fed,
we are deducting the exact amount paid to Corn Belt
farmers for the feed plus the cost of transporting it
to the Northeast region. Of course the feeder in the
Northeast region may pay more for grain then the price
received by farmers for grain. He would not if he
bought his grain from neighboring farmers, however, if
the grain moves through the local elevator, there will
be a local handling charge.

Interregional trade in seed introduces yet another
complication: differences in quality. Much of the leg-
ume seed produced in the midwest comes from hayfields
that were accidently not needed for hay production.

Much of the high quality certified seed is produced in
the Pacific region. Thus the price received in the

Corn Belt region for common seed is lower than the price
received in the Pacific region for certified seed plus
the cost of transportation to the Corn Belt.

This problem is taken care of in the process of
computing the value added if we compute this as the dif-
ference between the price received and the price paid in
the region where planted. For example, assume the Corn
Belt region plants three bushels of alfalfa seed (Figure 6),
one bushel being certified seed imported from the Pacific
region, the remaining 2 bushels being produced locally.
Assume further that all the seed is processed in the Corn
Belt. Thus the value of the certified seed after shipment
to the Corn Belt is equal to the price paid to Pacific re-
gion farmers ($30) plus the cost of transporting it to the
Corn Belt, ($5). Assume further that the price paid to
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Corn Belt farmers for common alfalfa seed is $20/bu
and the cost of processing is $10/bu. Thus the total
cost of the three bushels of seed is $105 or an aver-
age price paid per bu. of $35. This cost is broken
down as follows:

2 bu. of locally produced common seed $40.
priced at the price received by farm-
ers ($20/bu)

1 bu. of imported certified seed priced 30.
at the price received by farmers in
the exporting region ($30)

Cost of transporting imported seed 5.
Cost of processing and local handling 30.

at $10/bu.
$105.

Of this total, the intermediate products produced by
Corn Belt farmers are the 2 bu. of common seed pro-
duced locally with a farm value of $40. Thus from
the viewpoint of the Corn Belt, the value added by
non-farmers is $105 - $40 or $65.
We can arrive at this $65 value added in-
directly as follows: Call the value added
the difference between the price paid and
the price received by Corn Belt farmers:
$35 - $20 = $15/bu. times the quantity
planted (3 bu.) gives a simulated value
added of $45. When we mark off the inter-
mediate products, we use the quantity plant-
ed rather than the quantity produced. Thus
we mark off 3 bu. at $20/bu. or $60. Since
this 18 $20 more than the value of intermedi-
ate products actually produced in the Corn
Belt, the total charged to Corn Belt input
is $45 + $20 = $65 which is equal to the $65
which we arrived at directly.
For the purposes of this analysis, it is not nec-

essary to know in which region the seed was processed
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since we wish to charge the processing costs to the
region which plants the seed. To be accurate a local
handling cost was added since the above analysis prices
the seed deducted from production at the price received
by farmers.

A discussion of the data available and the method
of compilation appears in the appendix.

THE FEED INPUT

Expenditures figures were available on feed purchases, however,
they could not be used because:
1. Until the 1964 Census, the Census questionnaire did
not separate:
a, Grains from supplements
b. formula feeds from feeds fed as such
c. purchases from neighbors from purchases made
through commercial channels.
e.g., the question from the 1950 Census was worded
as follows:

How much was spent last year for FEED for livestock
and poultry? (include cost of grain, hay, mill feeds,
concentrates, and roughages; also amounts paid for
grinding and milling feed.)

2. Even if 1 were available, it would still be necessary
to reduce the purchased feed input to physical terms
in order to determine the farm value of the raw

materials,

The Data Gap

After an extensive survey of data available on the feed input, it
was obvious that an exhaustive data search would have to be made to ar-
rive at regional feed input figures having any acceptable degree of ac-
curacy. Thus, approximately 180 publications, including all those in
the National Agricultural Library with feed statistics were searched for
data. Cardex files were made for 104 of these publications to facilitate

data retrival.
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This exhaustive search turned up reasonably complete regional data
which could be used in the form presented only for the one year period
1 October 1949 to 30 September 1950. A discussion of the means used to
simulate the missing data follows:

Feed Grains, proportion going through commercial channels.

An abortive attempt was made to estimate these proportions by
starting with the following procedure:
Let q = Feed grains fed (from Production Resources Branch,

FPED, Statistical Bulletin 337 and unpublished
worksheets).

w = Feed grains fed on farms where grown (from SRS,
Statistical Bulletins 115, 208, 311 and 404).

Then q - w = Feed grains purchased from all sources.

However, this procedure produced negative purchases for the 1957-59
period for two regions, the Lake States and the Northern Plains.

In an effort to pinpoint the source of the discrepancy, a tabula-
tion by states was made for the 1964 crop year. This resulted in nega-
tive purchases for the states of Michigan and North Dakota and positive
purchases which were obviously too small for many remaining states. A
conference with the Feed Grains Branch, SRS, indicated that the figures
for "Feed grains fed on farms where grown" were obtained by subtracting
what farmers report as sold from what they report as produced. These
data were obtained from questionnaire C.E. 2-308, a copy of which ap-
pears on appendix page 140,

Labeling this residual as '"Feed fed on farms where grown".is sus -
pect for the following reasons:

I. No account is taken of change in stocks.

IT. There is an implicit assumption that farmers report
grains under CCC loan or purchase agreement as '"sold
or to be sold". The discrepancy suggests that this
assumption is unwarrented. Legally, liquidation of
grains under CCC loan is a foreclosure of chattel
mortgage rather than a sale. Purchase agreements
also lack one of the two requirements of a legal sale
contract: The CCC offers to buy but the farmer does

not accept the offer at the time the purchase
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agreement is signed. Thus the purchase agreement

resembles an option to sell rather than a sales

contract.

III. If a cash grain farmer is asked "How much grain was

sold or will be sold?" This is tantamount to asking

him "How much will your income be?" If this question

is asked by the USDA, a Federal agency, how is the

farmer to know that the Internal Revenue Service, an-

other Federal agency, will not review his report?

Thus it is prudent to expect some grain farmers to

make a conservative report, especially as to their

anticipated future sales.
Statistical Bulletin 268, '"Grain Transportation Statistics for the North
Central Region'" estimated the sales of feed grains by country elevators
to farmers for the calendar year 1958. Thus this year was chosen to
attempt an adjustment that would arrive at a plausable estimate of feed
grains used for feed on farms where grown. A discussion of the means

used to manufacture the missing data appears in the appendix.

HIRED TRUCKING, FREIGHT AND EXPRESS

A data series was available on the cost of hauling milk but no
series were available for other items. Data for the single year, 1955,
were available from the survey of farmers expenditures. Thus for all
items except milk, an assumption was made that the 1955 relationship be-
tween hired transportation and the value of farm output was a constant
that could be applied to all years.

The method of computation is detailed in tﬁe appendix.

POULTRY PURCHASES

Physical quantity data series on the numbers of baby chickens and
turkeys purchased were obtained from the Farm Income Branch. The aver-
age weight period price paid was obtained by dividing expenditures by
the quantity purchased. Both the chickens and turkeys were divided into
two classes: Laying chickens and broilers and heavy turkeys and light
turkeys.
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OTHER INPUTS IN THE FEED, SEED AND LIVESTOCK SUBGROUP

Expenditure data were available from the Farm Income Branch for the
remaining input items in this subgroup. These items were deflated as
follows:

Milk hauling: A composite index including farm wage rates,

auto repairs and truck tires.

Livestock marketing: The SRS index of items used in produc-

tion, interest, taxes and wage rates.

Details concerning these compilations appear in the appendix.

REAL ESTATE TAXES

Data on this input are for taxes levied rather than taxes paid. A
discussion with Thomas Hady, Economic Development Division, ERS, indi-
cated that there was a secular trend for the states to require payment
the same year the taxes are levied. Thus this input was compiled for
the year levied although it must be recognized that for some states for
some years, expecially the early years, the taxes may not have been paid
until later.

The tax figures available included taxes on the dwelling. To re-
move dwelling taxes, the ratio of the values:

land + service buildings
land + all buildings

was applied to the total tax figures.

These current dollar estimates were deflated with the Commerce De-
partment's implicit price deflator: '"State and Local Government Pur-
chases of Goods and Services".

Data sources for this input are discussed in the appendix.

PERSONAL PROPERTY TAXES

Data for the years 1939-1959 were obtained from the Farm Income
Branch. For subsequent years, the data were obtained from the Community
Facilities Branch, Economic Development Division. These current dollar

expenditures were deflated with the same index used for real estate taxes.
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DAIRY SUPPLIES

Current dollar expenditures for this item were obtained from the
Farm Income Branch. For a deflator, for the period 1939-1954, an index
was constructed based on a simple average of prices paid for milk pails
and milk cans. For the period 1955 to date, it was reasoned that most
dairy farmers were using bulk cooling equipment, thus a decision was
made to base the price index for this period on the price of laundry
detergent.

PESTICIDES

Because of the many kinds of pesticides and a lack of adequate quan-
tity data, a decision was made to deflate expenditure figures.

Dr. Shepard, ASCS, was consulted regarding the construction of a
price index. Data sources and details of computation appear in the ap-

pendix.

COTTON GINNING

The following figures were obtained from the Farm Income Branch:
a. Expenditures for cotton ginning for the weight period years.
b. The number of bales of cotton ginned for all years.
From these figures were derived the weight period cost per bale by re-
gions. These rates were then applied to the number of bales ginned to

obtain expenditures in weight period prices.

IRRIGATION OPERATION AND MAINTENANCE COST

Current dollar expenditures for this item were obtained from the
Farm Income Branch. For the period 1949 to date, the index of "Irriga-
tion Operation and Maintenance Cost" compiled by the Bureau of Reclama-
tion, was used as a deflator. Since this index was not available for
earlier years, a decision was made to use the Engineering News Record
index of construction costs for that period. These data sources are

discussed more fully in the appendix.
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OTHER INPUTS IN THE MISCELLANEOUS SUBGROUP

Expenditure data were available from the Farm Income Branch for the
remaining input items in this subgroup. These items were deflated as
follows:

Crop insurance: The index of crop values.

Containers: An index of prices of selected items including
baskets, bags and crates.

Binding materials: An index constructed from the cost of
baler twine.

Veterinary services: The SRS index of prices paid for farm

supplies.

Telephone services: An index constructed from the base rate

for local service.



CHAPTER III

INDEXING PROCEDURE

After the various inputs were compiled into constant dollar esti-
mates, the two periods, 1939-1954 and 1955-1970 were spliced at 1955 to
put the entire series on a 1957-1959 price weight equivalent basis.

The splicing procedure is illustrated as follows:

Let P = price
Q = quantity
s = splice year
c = current year
E = early period

L = late period
Then: QBPL

QBPE

’ QCPE = QCPL

These splices were made separately for each Farm Production Region. For
the indices of individual input items, the splice was made at the indivi-
dual input level. For the total input index, the splice was made for all

inputs combined, 1i.e.,

_é 28:1‘ ‘ Z QcPE = 2 Q¢:PL
8 E
For the indices of major input subgroups, the splice was made at the sub-
group level.

The year 1967 was used as a reference base, i.e., the 1967 expendi-
ture was arbitrarily set equal to 100 and other years were expressed as

a percent of the 1967 expenditure. The output values were indexed in a

similar manner.

44



CHAPTER IV

RESULTS

In order to gain a longer historical perspective for part of the
analyses which follows, the new national series was spliced onto the
existing national series compiled by Loomis and Barton and maintained
by Don Durost. This series is weighted with 1935-39 average prices.

The splice was made at 1939 using the technique outlined in chapter III.

The Weight Period Profit Rate

As a broad check on the accuracy of the compilations, a comparison
was made of the total income and total expenses during the weight periods.

If equilibrium prevailed, we would expect income and expenses to be
equal assuming a normal profit. A normal profit implies opportunity
cost on equity capital and family labor and management. The indices
were constructed assuming the average rental rate on real estate and
the mortgage rate of interest on non-real estate capital. Labor pres-
ented a problem in that it was difficult to identify the relevant alter-
native opportunity. As a preliminary estimate, a decision was made to
enter the family labor at the hired rate. Inspection of the residual
would then suggest whether a higher rate was indicated.

The results were compiled both on an aggregate basis by regions and
on a per farm basis. The results appear on the page following. The
early weight period results (1947-49) indicate a modest profit for five
regions, a meager profit for four regions, and a loss for the Pacific
region. For Pacific region farmers this indicates that, on average,
their labor returned them $164 less than their hired help. Of course
they could live partially on their return to capital and this is appar-
ently what many Pacific region farmers did do. Over the entire period,
there was also substantial capital gains which this analysis does not
include.

For the 1957-59 weight period the results were even worse. The

Northern Plains farmers made a modest profit, Corn Belt and Southern

45
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Plains farmers made a meager profit and the remaining regions lost money.

Losses were substantial in the Northeast and Pacific regions.

Input Indices

As indicated in chapter II, the input indices were compiled both
with and without an adjustment for the land in government programs. The
input indices including all land in farms are to be seen in Table 2,

The indices with the ad justment for land in government programs appears
in Table 3. Also, in Table 4 are the differences between the two indices.
The greatest difference nationally was nearly 3 points in 1962. Most re-
gional differences were greater with the greatest, 6.4 points, in the
Delta region. The difference between the indices also exceeded 5 points
in the Corn Belt, Northern Plains and Southeast regions.

As discussed in chapter II, there are theoretical advantages in
making the adjustment for the land in government programs. For this
reason, the balance of the analysis is based on the total input index

figures in Table 3.

Adjusted Input Indices

The adjusted index for the United States, 1910-1970, is graphed on
Figure 8, page 66. The regional indices for the period 1939-1970 are
graphed on Figure 7.

The total use of inputs in American agriculture has remained re-
markably constant on a national basis. The range from 1939 to 1970 was
only 11 index points. The low point for the U.S. was 1962, the high at
1951. At 1944, the use of inputs ended an upward trend which began in
the mid-thirties. There was a downward trend from 1952 to 1962. From

1962 to 1970 the use of inputs increased every year.

Regional Trends in Input Use

There has been somewhat more variation in input use when we look at
the regions. Inputs in the Northeast changed little from 1939 to 1951,
but from 1951 to 1964 there was a 28 point decrease. Since 1964 the
Northeast index has changed only 2 points.
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In the Lake States and Southeast regions input use has followed
along with the U.S. average. In the Corn Belt and Mountain regionms,
there was an upward trend from 1939 to 1955. Input use in these regions
stayed on a plateau for the next 10 years. The trend has been upward
since 1965.

In the Northern Plains region, there was a 15 point increase in in-
puts from 1939 to 1944. From 1944 until 1962, Northern Plains inputs
followed along with the national trend. Since 1962, input use in this
region has increased every year for a total of 19 points.

In the Appalachian region, inputs rose 15 points from 1941 to 1951,
then fell back 17 points by 1958. There has been little change in input
use in this region since 1958.

In the Delta and Southern Plains regions there was a general de-
crease from 1939 to about 1959. Since 1959 input use in these regions
has increased along with the national trend.

In the Pacific region there has been a general nearly straight line
increase in input use since 1939. The total increase was 25 index points.

The greatest change in input use was in the Northeast region with a
decline of 34 points from 1944 to 1968. The Pacific region showed the
greatest increase with the low point at 1939 and the high at 1969. 1939
was also the low point in input use for the Corn Belt, Northern Plains
and Mountain regions. The low point for the Southeast and Delta States
was 1958. For the Lake States, Appalachian and Southern Plains, the low
point in input use was 1962 or 1963. The Northeast region hit a low
point at 1970.

Peak input use came at 1969 or 1970 for the Northern Plains, South-
east, Mountain and Pacific regions. 1In the Corn Belt the maximum inputs
were used in 1967. In the remaining regions peak input use came early
in the period, 1951 in the Appalachian region, 1948 in the Delta, 1944
in the Northeast and 1942 in the Lake States and Southern Plains.

The range in input use was greatest in the Northeast with 34 points.
The Lake States region had the least range with 13 points.

Input Use by Major Subgroup

The inputs were indexed by the major subgroups indicated by the
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catalogue on appendix pages 104 through 106. These index numbers are
tabulated in Tables 5 through 11.

The farm labor input group changed the most, a 179 point decline
nationally., Farm labor declined the most in the Delta region, by 338
points. The least labor was used in 1970 in all regions.

The input group changing the least was farm real estate with a
range nationally of only 31 points. The national peak came in 1955, the
low just 7 years later in 1962, There was considerable divergence in
the trends by regions. The Northeast, Lake States and Corn Belt hit
peaks at 1940, The real estate input peaked in the Northern Plains and
Appalachian regions in the late forties. The peak came in the early
fifties in the Southeast, Deltaiand Southern Plains regions. In the re-
maining regions, the Mountain and Pacific, the real estate input is still
rising with the highest observation at 1970.

For the remaining groups of inputs, there has been a general secu-
lar increase. For the three groups: Mechanical Power and Machinery;
Fertilizer and Lime; and Feed, Seed and Livestock Purchases, the in-
crease began at 1939 which was the low point for all regions. For all
regions except the Pacific and Northeast, the use of inputs in these
three groups peaked at either 1969 or 1970. 1In the Pacific region, the
input of fertilizer and lime peaked at 1968.

For the Northeast region, power and machinery inputs peaked at 107
in 1942, feed, seed, and livestock purchases peaked at 113 in 1951, and
the fertilizer and lime input peaked at 1966.

For all regions except the Northeast, expenditures for taxes and
interest increased generally throughout the period. 1In the Northeast
the low point was at 1966, the high at 1945. The low point for the Del-
ta region was 1948. For the remaining regions the low point for taxes
and interest expenditures fell in the period 1939-1941. The high point
was 1970 for all regions except the Northeast.

The use of miscellaneous inputs was lowest generally in the early
part of the period and highest in the late sixties. For the Delta re-
gion the low was 1958, for the Southern Plains, 1946. 1In the remaining
regions the use of miscellaneous inputs was lowest in 1943 or earlier.

In the Northeast region the high point came in 1963. For the remaining
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regions the high point in miscellaneous input use fell at 1968 or later.

Fixed and Variable Inputs

The inputs were also indexed by fixed and variable categories. The
length of run considered was one year. That is, if the input could not
be varied within a production season, then it was classified as fixed.
All other inputs were considered as variable. These estimates are tabu-
lated in Tables 12 and 13 and graphed in Figure 8.

There has been considerable decline in fixed inputs since 1939.

The high point in fixed input use was 1942, The decline was moderate,

12 points, from 1942 until 1955. From 1955 until 1962 the rate of de-
cline was greater, the index dropping 25 points during this period. From
1962 until 1970, the use of fixed inputs increased by 7 points which fol-
lowed the trend of the variable inputs.

The regional pattern of fixed input use was similar to the national
pattern for all regions except the Mountain and Pacific. Fixed inputs
were relatively constant in the Mountain region with a range of only 13
index points. In the Pacific region fixed input use was a minimum at
1939 and maximum at the end of the period.

Variable Inputs

Nationally there has been a general secular increase in the use of
variable inputs. These inputs increased in 26 of the 31 years of the
period. Of the five declining years, the greatest decline was only 1
index point. As indicated on Figure 8, the variable inputs are highly
correlated with productivity.

Regionally the trends tend to follow the national average except
for the Northeast region. The low point for use of variable inputs was
1939 for eight of the ten regions, In the Southeast the low point came
in 1941, and for the Delta States the low came at 1946.

In the Northeast region, the high for use of variable inputs came
at 1951. For the remaining 9 regions, the high was at 1968 or later.
The range in variable inputs varied from 21 points in the Northeast to
62 points in the Northern Plains. The range for the U.S, was 42 points.
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Index of Farm Qutput

The index of farm output is constructed as follows:21

In calculating farm output, two major indexes of gross
production are computed--total livestock production and
total crop production. Subindexes are computed for the
principal commodity groups that compose total livestock
production and total crop production.

The farm output, livestock production, and crop pro-
duction indexes are calculated annually for each of 10 farm
production regions beginning in 1939, as well as for the
United States from 1910 to date. Farm output estimates are
calculated at decade intervals from 1870 to 1900.

These indexes are calculated by the familiar constant
price-weight method. Weighted average prices received by
farmers in a given region are used as weights in constructing
the indexes for the regions. The quantity-price aggregates
for the 10 farm production regions are summed to obtain the
quantity-price aggregates upon which the index for the United
States is based. (Table 14 and Figure 9.) The reference
period used for the indexes is 1967. Two weight periods are
used for the regional indexes, and three weight periods for
the U.S. indexes. Average 1957-59 prices received by farmers
in each farm production region are used as weights for 1955
and subsequent years; average 1947-49 prices are used for
1939 to 1955. 1In the U.S. indexes, average 1935-39 prices
are used for the years prior to 1939.

Conceptually, farm output does not include the production
of producer goods. These are goods produced on farms and used
in further production of farm products for human use. Pro-
ducer goods include such items as seed and farm-produced power
of horses and mules. These products are included in the gross
farm production index, which is not published but is available
for research purposes.

The current year's indexes of farm output, crop production,
and livestock production are based on preliminary and some-
times incomplete data. Thus, the current year's indexes are
subject to revision in the following year after all the basic
data are available. A general revision of the series is made
after each agricultural census for all years back to the pre-
ceding census date.

SRS calculates a preliminary index of crop production for
the current year based on its monthly forecasts of crop pro-
duction beginning in August of each year. The index is pub-
lished in the monthly Crop Production reports. These prelimi-
nary indexes for the current year are prepared for the United
States only, but they are directly comparable to the historical

21From USDA Agriculture Handbook No. 365, pp. 15-17.
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indexes for the United States built up on a regional basis,

Limitations of Series

The indexes of farm output and the component indexes of
crop and livestock production do not adequately measure
changes in quality of products over time. These indexes re-
flect the changes in production caused by changes in quanti-
ties of individual items included. The failure of the series
to measure quality change is an inherent problem in most
indexes.

In theory, any crop grown for seed should not be included
in farm output. Hayseed, pasture seed, and covercrop seeds
are not included. Because of the lack of necessary data, no
deductions are made for other types of seeds. Also, because
of the lack of data, several minor products are not included
in farm output or in its component series. The main item of
production omitted in the farm output series is production
from farm forests. This, plus other minor items omitted,
probably accounts for less than 5 percent of the total farm
output in recent years.

Alaska and Hawaii are not included in the current series
because of the lack of data through the weight period, 1957-
59. These States will be included in the farm output and
component series after the next new weight period is adopted.

As more than one set of price weights is used in computing
the indexes, the series are spliced at 1955 for the regions
and the United States. The U,S, series is also spliced at
1939. The splicing is necessary to convert the indexes based
on the various quantity-price aggregates to one final series
of index numbers with 1967 as a reference base period of 100.

Official reports of SRS are the chief sources of data for
crop and livestock production and prices.

Farm output includes crops produced during the crop year
exclusive of hayseeds, pasture seeds, covercrop seeds, and hay
and concentrates fed to horses and mules on farms. Farm out-
put also included the '"net'" production of livestock other than
horses and mules, and production of livestock products. Net
livestock production is gross live-weight production of live-
stock on farms during the calendar year minus the constant-
dollar farm value of hay and concentrates fed to livestock.
Thus, the value of pasture consumed by livestock is included
in net livestock production.

Hatching eggs for broilers and chickens raised also are
excluded in calculating net livestock production. These calcu-
lations are made to avoid counting feed crops in both livestock
and crop production, and to avoid counting hatching eggs as
part of poultry meat production as well as egg production.
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Feed, other than pasture, is calculated as a constant
proportion of gross production of each kind of livestock or
livestock product. The proportion varies among regions, and
is changed each time the basic price weights are changed.
The feed factors are in terms of the proportion of total
value (in constant dollars) per unit of livestock production,
such as per 100 pounds of beef production and per 100 eggs.
Feed value excludes the nonfarm inputs such as processing
and minerals that are included in the value of commercial
mixed feeds. Except for broilers and turkeys, the same feed
factors were used each year for each class of livestock in
each region. Available data indicate that, except for broil-
ers and turkeys, efficiency of feed use by livestock has
shown little change.

Output Trends

The national trend in farm output has been upward. The low point
was 1939, the high 1969. During this period output increased 45 index
points or at an annual rate of 1.9 percent. The increase was fairly
uniform with output increasing 22 of the 31 years.

Regional movements in output have been somewhat more erratic. 1In
the Northern Plains region output jumped 32 points from 1939 to 1942,
Output in this region then changed little for the next 15 years. Begin-
ning in 1958, there was another surge in Northern Plains production
which carried the index up another 32 points by 1968.

Poor growing conditions may have been responsible for the 15 year
plateau in Northern Plains output. The Southern Plains region experi-
enced a similar plateau from 1944 until 1957 and a similar rise of 30
points in output from 1957 until 1968. The development of hybrid sor-
ghums may have been responsible for the beginning of the surge in pro-
duction in these regions in the late 1950's.

In the Northeast and Appalachian regions output tended to follow
the national average until about 1956 when output in these regions lev-
eled out. There was a somewhat similar pattern in the Lake States re-

Lion although the '"leveling out'" period did not begin until later, about
1961.

Year to year variations in output was greatest in the Delta States.
Here the trend followed the national average until the 18 point decline
from 1955 to 1958. Delta States output has increased rapidly, 44 points,
since 1958.
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Also somewhat erratic was output in the Southeast region although
the long term trend followed along with the national average.

In the remaining three regions, the Corn Belt, Mountain and Pacific,
output trended along close to the national average until the late 1960's.
Corn Belt production has declined since 1967. In the Mountain and
Pacific regions output has pushed above the national average during the

same period.

Productivity

Indices of productivity appear in Table 15. Regional figures for
the period 1939-1970 are graphed on Figure 10. The dashed line repre-
senting the national figure. The U.S. figures for the period 1910-1970
are graphed on Figure 8 (pg. 66).

In an effort to average the effect of weather, a three year moving
average productivity for the U.S, was plotted on Figure 18 (pg. 88).
This reveals three periods of productivity advance separated by brief
plateaus or declines. The first period began about 1922. The rate of
increase was modest and the rise ended about 1933. Productivity then
declined for three years and began another advance about 1935. Between
1935 and 1947, productivity increased rapidly for a total of 21 index
points. Productivity then plateaued for another three years before be-
ginning a spectacular advance about 1950. During the period 1950-1964,
productivity increased 28 points., Productivity has been on another pla-
teau since 1964.

Regionally there has been considerable divergence in productivity
trends. In the Northeast there was a general increase at a somewhat
greater rate than the national average. In the Northern Plains produc-
tivity shot up 28 points in the first four years of the period. There
was little change in productivity in this region for the next 14 years,
from 1942 until 1956. 1In the next two years, from 1956 to 1958, the
Northern Plains index shot up another 28 points. Since 1958, the index
in this region has fluctuated around the national average. The pattern
in the Southern Plains region was also somewhat erratic. Here produc-
tivity fluctuated around the national trend until 1957. 1In 1958 a rise
began which carried the index up 23 points in 4 years. Since 1961
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Southern Plains productivity has fluctuated around the 1961 level.

The pattern in the Appalachian region is rather odd. The trend
followed the U.S. until 1956. 1In the following year Appalachian produc-
tivity dropped 9 points. After 1957, the Appalachian region again fol-
lowed along with the U.,S. average.

In the Southeast and Delta regions productivity advance followed a
similar pattern. The trend followed the U.S. until 1957. During the
period 1957-1963 productivity increased more rapidly than the national
average. Since 1963 productivity has been on a declining trend in these
regions. The 1957-1963 advance was greatest in the Delta States, 32
points compared to 23 for the Southeast.

In the Pacific region, productivity followed along with the national
trend until 1954. After 1954 productivity in this region was still on
an upward trend but it was moderate, the total change being only 12%
points in 16 years.

In the remaining regions, the Lake States, Corn Belt, and Mountain,
productivity followed along closely with the national average.

Qutput, Inputs, Productivity: A comparison of the three measures

A better perspective of the trends of the three measures; output,
inputs, and productivity, can be gained by viewing them as displayed on
Figures 1l thru 15 which appear on pages following. On these figures
the dashed line indicates the national average.

On a national basis output has been steadily increasing, input use
has increased very slightly resulting in a steady increase in produc-
tivity.

Looking at the regional figures, in the Northeast output lagged be-
hind the nation but inputs were reduced drastically resulting in produc-
tivity increasing more rapidly than the U.S. 1In the Appalachian region
output also increased less than the national average but inputs did not
decrease sufficiently and productivity increased less than the U.S.

In the Lake States outputs increased slightly less than the U.S.
but inputs were essentially constant resulting in productivity following
closely along with the nation. In the Corn Belt outputs increased a

little faster than the U.S. but it was necessary to increase input use
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more rapidly resulting in productivity following closely along with the
nation.

In the Southeast region outputs followed the U.S, trend. Inputs in
this region also followed the national trend until about 1955 when input
use slackened until the early sixties. Since that time input use in-
creased resulting in a decline in productivity. In the Delta States out-
put followed the national trend for the first half of the period and then
increased more rapidly than the U.S. Input use declined until about 1960
and then followed the national trend for the remainder of the period.
Productivity fluctuated along with the national trend until about 1960.
During the decade of the 1960's, Delta States productivity has risen
above the U.S. level,

In the Northern Plains region there was a large increase in outputs
during the first three years of the period. This was accompanied by a
moderate increase in inputs and a substantial increase in productivity.
For the next 15 years there was little change in outputs, inputs or pro-
ductivity in the Northern Plains region. In the Southern Plains input
use decreased in the first half of the period, output increased slightly
and productivity followed the national trend. 1In the middle of the pe-
riod, from 1957 to 1970, there was a rapid increase in Southern Plains
output, a 19 point increase in three years. During these three years,
input use changed little resulting in a great increase in productivity.
Since 1960, both output and inputs have increased at about the same rate
and productivity has changed little.

In the Mountain region both outputs and inputs increased at a
slightly more rapid rate than the U.S., The resulting productivity index
followed along close to the national trend. In the Pacific region out-
puts increased a little more rapidly than the national trend but input
use increased considerably and the productivity gain was less than the

U.S, average.



CHAPTER V

ANALYSIS

The root cause of productivity improvement is assumed to be techno-
logical innovation. These innovations can be input reducing; output in-
creasing; or innovations which increase inputs but which increase the
value of outputs by more than the value of the added inputs.

This chapter summarizes an effort to relate productivity to the
adoption of some of the more important agricultural technologies which

were adopted during this century.

The Mills-Boyne Procedure

The Mills-Boyne procedure, discussed at the end of chapter I, was
applied to changes in outputs to estimate changes due to change in in-
puts as differentiated from changes in outputs due to changes in produc-
tivity. The various time periods considered are charted in Table 16.
The results point up the dramatic increase in productivity from about
1935 to 1964 and the general lack of change for the other periods, es-
pecially the period 1964-1969. This raises the question: What caused
productivity to level out in the late 1960's? There is an ancillary
question: What caused the dramatic increase in productivity from the
mid-thirties to the mid-sixties? A backward look suggested considera-

tion of several major technologies.

The Four Major Technologies
There have been many technological developments which fueled the

productivity increase from the mid-thirties to the mid-sixties. Of
these, four seem to stand out as candidates to explain part of the in-
crease in productivity:
1) The replacement of the horse by tractors enabled the
farmer to pull heavier loads for longer hours,
2) Hybrid seed produced superior yields.
3) PFertilizers further enhanced yields.

80
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Allocation of changes in output using the Mills-Boyne procedure

Percent Change in Output
Due to change in
annual
Period Total* Inputs Productivity average
1911-1937 21.4 12.4 9.0 0.35
1937-1950 36.9 6.1 30.8 2,37
1950-1964 28.6 -6.5 35.1 2,51
1964-1969 7.4 7.1 0.3 0.06
1911-1922 6.9 9.4 -2.5 -0.23
1922-1932 13.3 1.4 11,9 1.19
1932-1935 -12.4 -5.8 -6.6 -2.20
1935-1950 56.7 15.4 41.3 2.75
1950-1964 28.6 -6.5 35.1 2,51
1964-1969 7.4 7.1 0.3 0.06 -
1922-1935 -0.7 -4.8 4.1 0.32
1935-1964 101.5 9.6 91.9 3.17
1911-1969 129.6 28.1 101.5 1.75

*
Output data are three year moving averages for this analysis.

Table 16
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4) Pesticides prevented yield decreases due to pest

damages.

These four major technologies were graphed against productivity for the
United States and the Corn Belt region, in Figures 16 and 17. We see a
correlation between the adoption of these technologies and the change in
productivity. As one would expect from theory, the technologies had
their greatest effect in the early and middle stages of adoption.22

By about 1964, all of the major technologies had been adopted by
the bulk of farmers. Could this be the reason for the apparent leveling
of productivity? To more accurately measure this correlation, a polyno-

mial regression analysis was run as follows:

Y = dependent variable: A three year moving average produc-
tivity index. A three year average was used in an effort
to average out part of the weather variation.

= interest on tractor 1nventory.2

Xl ’

xz = X 1

X3 = percent of corn seed which was hybrid.

X, = X2

4 3

XS = percent of grain sorghum seed which was hybrid.
2

X¢ = X5

X7 = index of fertilizer and lime input.
2

Xg =Xy

Xg = index of pesticides input.

X, =X

10 9

The graph for the U.S. (Figure 16), indicates a strong correlation
and an §2 in the neighborhood of 0.7 to 0.8 was expected. The results
of the regression are labeled equation 4 in Table 17. The resulting §2,
0.994 is puzzling. Averaging productivity over three years should remove
part but not all of the weather variation. Considering the myriad of

data involved, we would expect measurement error alone to reduce the §2

22As a new technology such as fertilizer approaches full exploita-

tion, returns diminish and the gain in productivity can also be expected
to diminish,.

23Regional data on tractor numbers were not available back to 1939.
The index of interest on the tractor inventory was used as a proxy
variable.
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by more than .006. These results also leave nothing to be explained by
the minor technologies unless they are highly correlated with the in-
cluded variables.

In addition, the maximum of this function is 101.9. Can it be that
agricultural productivity cannot rise above this level without new major
technology?

It was hypothesized that the minor technologies occur more or less
at random and thus could be captured with a trend variable. For this
reason and to avoid the maximum ceiling, the equation was rerun with a
trend variable. Three of the variables which were not significant in

the first run were dropped, Xa, X7, and X The results are labeled

equation 5 in Table 18. A graph of Y andaY as predicted by this equation
appears on Figure 18. The largest residual, -3.2 index points occured at
1935 reflecting the poor weather for the three years contributing to the
moving average output for 1935,

Similar analyses were made for three of the farm production regions,
the Lake States, Corn Belt, and Northern Plains. The results of these
regressions are labeled equations 6 through 8, Tables 19 through 21.

Y observed and Y estimated for these farm production regions are
plotted on Figures 19 through 21. The time trend carried a higher coef-
ficient in these regressions, probably reflecting the later time span
involved.

A priori, it was believed that poor weather conditions were respon-
sible for the flat trend in Northern Plains productivity from 1942
through 1956. The close correlation between Y and Y tends to negate this
hypothesis. The correlation is so close as to lead to a suspicion that

there is some feedback mechanism operating.
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Y observed and Y estimated, Lake States Region
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Y observed and Y estimated, Corn Belt Region
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Y observed and Y estimated, Northern Plains Region
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CHAPTER VI

SUMMARY

Productivity was defined as the ratio of total farm output to total
farm inputs, The estimates are global in the sense that all productive
inputs and all final products are included. Aggregation was done arith-
metically using a Laspeyres weighted aggregate formula. The new series
differs from the previous work of Loomis and Barton in that separate
estimates were made for each of 10 farm production regions. The regional
quantity-price aggregates were then summed to obtain the United States
index. This procedure captures compositional difference which were
missed in the earlier procedure of aggregating nationally.

Loomis and Barton computed the land input by multiplying the real
estate value by the mortgage rate of interest. Their method includes
investment made for speculation. The new series entered the land input
at the rental cost thus excluding speculative value. Another difference
between the old and new series is the adjustment for land in government
programs. The older series included all land in farms. The new series
was computed both with and without an adjustment for land in government
programs.

On a national basis, the use of inputs, for the period 1910-1970,
has remained remarkably constant. The regional input analyses, made for
the period 1939-1970, indicate considerable diversity in input trends
varying from a drastic reduction in the Northeast region to a steady in-
crease in the Mountain and Pacific regions.

The analyses of input subgroups indicate a general decline in labor
input, a relatively constant real estate input and general increases in
the remaining input categories. The use of variable inputs increased
generally from the early 1930's to the end of the period, 1970. Over
this period, fixed inputs generally declined until about 1962. Fixed
inputs have increased along with variable inputs since 1962.

The output indices were constructed in a manner similar to the

95



96

input indices. These indices follow an "accrual" concept in that they
endeavour to measure the quantity of output produced during the calendar
year even though marketing may have taken place later.

On a national basis, the trend in farm output has been a remarkably
smooth increasing function since the mid-thirties. Regional trends have
been similar for eight of the ten farm production regions. In the two
Plains regions there were plateaus during the period 1942 through 1957.

This thesis assumed that farm operations were charged for land serv-
ices at the rental cost, for other equity capital at the mortgage rate
of interest, and labor was charged at the hired farm wage. Under these
assumptions, management return for the weight periods, 1947-49 and 1957-
59 was found to be meager. Farm owners did realize a return from appre-
ciation but that was excluded from this analysis.

The study indicates four general trends in the productivity of
American agriculture during the period 1910-1970. There was little
change in productivity during the two periods: 1910-1922 and 1964-1970.
There was a slight improvement in the period 1922-1935. There was a
dramatic improvement in productivity in the remaining period, 1935-1964.

The regional analyses covered the period 1939-1970. During this
period, the regions generally shared in the productivity increase and
the recent plateau. In the Plains regions there was also an earlier
plateau. In the Pacific regions the plateau was reached earlier. Only
in the Northeast and Mountain regions does productivity appear to be
still increasing in 1970.

The regression analyses tend to indicate that four major technolo-
gies have been responsible for most of the increase in productivity of
American agriculture. These technologies were: mechanization, hybridi-
zation, fertilization and pesticides. However, these results must be
interpreted carefully. It is possible that these four variables are
highly correlated with other factors which were also of considerable
importance. For example, it is likely that mechanization is highly cor-
related with economies of size. The limited evidence subsequent to 1964
indicates that if there were economies of size, then they were about ex-
hausted by that time.
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Policy Implications

At the beginning of this project, the writer was of the opinion
that American agriculture was cursedwith a cornucopia from which flowed
ever more and better technology with productivity increasing at an expo-
nential rate. The analyses emphatically negate this hypothesis. It in-
dicates that, during this century, there have been, so far, four major
technologies which appear to be responsible for the bulk of productivity
increase. The role of the minor technologies is puzzling. Common sense
and theory would indicate an enhancement of productivity, however, the
statistical analyses indicate only a marginal contribution.

The major technologies began their spectacular contribution to pro-
ductivity in the mid 1930's. As productivity increased, surpluses ap-
peared, the terms of trade turned against the farming sector and a major
readjustment was required in order for farmers to maintain a satisfactory
level of living as compared to their urban counterpart.

In the marginal agricultural regions the adjustment came by way of
a reduction in inputs. In the Northeast region the adjustment was less
painful than in other regions; as the real cost of commuting declined,
many farms in this area came within easy access of industrial jobs.
Since the late 1940's, there has been a dramatic reduction in inputs in
the Northeast and productivity increased at a greater rate than the na-
tional average.

In the Delta region, the adjustment was somewhat more painful with
the sharecroppers being forced out of agriculture, many of them moving
long distances to the industrial cities of the north. However, the ad-
justment benefited those remaining in agriculture and productivity in-
creased at a greater rate than the national average.

Of the marginal farming regions, the Appalachian and Southeast re-
gions have had the most difficulty adjusting inputs downward. Part of
the difficulty in these regions has been the lack of mechanization of
tobacco production. Restrictive government programs have compounded the
problem by discouraging the consolidation which could facilitate mechani-
zation,

The adoption of the major technologies occurred at different rates

in different regions. Perhaps this is the reason productivity in the
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Pacific region leveled out about 1954 compared to 1964 for the nation.

Conjecture

Although it is possible that new major technologies are '"just around the
corner" they are not yet visible. We can only speculate as to when and
if such technology will surface. In the meantime, it might be possible
to increase output to some extent by terminating or revising governmental
programs. Also, it will be possible to increase output by increasing
inputs. This avenue is limited to stage II of the production function,
however, there is a vast amount of output which would be economically
feasible providing the price were high enough.

If population continues to expand, eventually it will be necessary
for the terms to trade to turn in the farmer's favor unless new major
technology appears or unless the population expansion is muted to such
an extent that minor technologies can supply the additional productivity

needed.

Suggestionsfor Further Study

In an expanding economy, there is a tendency for all the variables
to expand together giving rise to spurious correlations. This multicol-
linearity might explain the close correlations between productivity and
the major technologies for the U.,S., and the Corn Belt and Lake States
regions. However, in the Northern Plains region the irregular pattern
of productivity change is such as to rule out multicollinearity as an
explanation for the high correlation with the major technologies. A
more extensive analysis of this region might reveal more about the im-
pact of scale on productivity. Another hypothesis which might be tested
on this region is that of feedback. Can it be that productivity in year
t-1 affects input use in year t? It might be possible that only certain
inputs are affected, such as the four major technologies. The Northern
Plains region would also be a good prospect for studying weather effects
since rainfall is seldom in surplus.

Similar analyses of the remaining seven farm production regions
might give a clue to the reason for the high correlations between pro-

ductivity and the major technologies. There was a long plateau in
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productivity in the Southern Plains region. Was there an equally high
correlation with the major technologies? 1In the Delta region will Y
predicted follow the cyclical productivity pattern? The Northeast is
another region which promises to shed further light on this correlation.
Did the drastic reduction in inputs upset the correlation with the major
technologies?

The four major technologies do not account for changes in the effi-
ciency of livestock production. Further study might reveal the role of
changing feed conversion rates, artificial insemination, bulk milk han-

dling, and other animal related technologies.
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INPUT INDEX CATALOGUE

FARM LABOR
Hired labor (including perquisites).
Operator labor.

Unpaid family labor.

FARM REAL ESTATE

Interest on equity in land and service buildings.

Interest on real estate mortgages.

Land services leased to Government on "voluntary" basis.

Depreciation on service buildings and other structures.

Accidental damage to service buildings and machinery.

Repairs on service buildings and other structures and land improvements.
Grazing fees, State forests.

Grazing fees, National forests.

Grazing fees, Public Domain.

Grazing fees, Military lands.

Grazing fees, Indian Reservationms.

MECHANICAL POWER AND MACHINERY

Automobile depreciation, farm share.

Interest on automobile inventory, farm share.
Automobile repairs, parts, and tires, farm share.
Automobile licenses, farm share.

Automobile insurance, farm share.

Tractor depreciation.

Interest on tractor inventory.

Tractor repairs, parts, and tires.

Truck depreciation.

Interest on truck inventory.

Truck repairs, parts, and tires.

Truck licenses.

Truck insurance.

Depreciation on other farm machinery.

Interest on inventory of other farm machines.



105

MECHANICAL POWER AND MACHINERY Continued:

Other farm machines: Repairs, parts, and tires.
Fuel and oil.

Electricity, farm share.

Blacksmithing and hardware.

Harness and saddling.

Small hand tools.

Custom work.

FERTILIZER AND LIME
Fertilizer mixing cost.

Nitrogen fertilizer.
Superphosphate fertilizer.
Rock phosphate fertilizer.
Potassium fertilizer.

Limestone.

FEED, SEED, AND LIVESTOCK PURCHASES (Non-Farm Value Added)
Seed: Corn, hybrid.

Seed: Corn, open pollinated.

Seed: Oats, spring.

Seed: Wheat, spring.

Seed: Soybeans,

Seed: Barley, spring.

Seed: Cottonseed.

Seed: Minor grains plus all seeds other than grains. (Includes
greenhouse and nursery supplies.)

Feed: Grain handling by local elevators on grains fed as such.

Feed: By-product processing cost.

Feed: Marketing cost on by-products fed as such,

Feed: Formula feed formulating and marketing cost.

Hired trucking, freight and express.

Milk hauling.

Livestock marketing.

Baby chickens purchased, broiler type.

Baby chickens purchased, layer type.
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FEED, SEED, AND LIVESTOCK PURCHASES Continued:
Baby turkeys purchased, heavy breeds.

Baby turkeys purchased, light breeds.

TAXES AND INTEREST

Taxes:

Taxes:

Interest
Interest
Interest
Interest
Interest
Interest
Interest
Interest
Interest
Interest
Interest
Interest
Interest
Interest

Interest

on

on

on

on

on

on

on

on

on

on

on

on

on

on

Real estate.

inventory
inventory
inventory
inventory

inventory

Personal property.

of all cattle and calves.
of hogs and pigs.

of all sheep and lambs,
of all chickens.

of all turkeys.

corn inventory.

oats inventory.

barley inventory.

grain sorghum inventory.

wheat inventory.

soybean inventory.

hay inventory.

forage inventory.

operating

capital.

added by non-real estate debt.

MIS CELLANEOUS INPUTS

Insurance:

Insurance:

Insurance:

Containers.

fire, and wind.

crop-hail

(net).
(net).

Federal crop (net).

Binding materials,

Dairy supplies.
Pesticides.

Irrigation operating and maintenance charges.

Veterinary.

Telephone (farm share).

Ginning charges.

Interest on horse and mule inventory.
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LABOR INPUT

Labor Quantity

Of the three Federal sources of independent estimates available on
the quantity of labor used in agriculture, none are entirely suited to
our purpose:

a. The Bureau of Labor Statistics of the Department of
Labor reports monthly the hours worked by people who
work the majority of their hours in agriculture; i.e.,
workers are classified fish or foul, depending on
where they work the most hours. Thus, many hours of
off-farm work are included as agricultural labor
since it is worked by part time farmers who work more
hours on their farm than in off-farm employment.

Also, many hours of farm labor is excluded since it
is worked by people who work off the farm more hours
than on the farm.

The BLS man-hours series began (on a U,S, basis)
in 1947. Since 1956 the series has been refined by
splitting the hours into the three classes: hired,
operator, and unpaid family labor.

b. The Economic Research Service, USDA, publishes a
series on man-hours used in agriculture. This series
is based on an engineering study of labor requirements
and is thus a man-hours used rather than a man-hours
available figure. These figures are published, on a
regional basis, back to 1919; however, they are not
broken down by class of worker, i.e., hired, operator,
and unpaid family labor.

c. The Statistical Reporting Service, USDA, reports em-
ployment of farm workers by the following categories:

Farm employment represents number of family

and hired labor working during the survey week.
Family labor includes farm operators working on farms
one hour or more plus other family members working

15 hours or more without receiving cash wages during
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survey week. Hired workers include all persons
working one hour or more for cash wages during
the survey week. The SRS has also collected
data for several years on the average length of
workday; however, these figures cannot be accu-
rately expanded to a man-hours total since we
have no way of knowing how many days per week
the respondent had in mind when he reported the

length of workday.

Beginning in 1965, the SRS collected data
on the number of hours worked per week for one
week in each month. Thus, it is possible to
multiply the average hours worked per week by
the average number of workers on farms to ob-
tain an aggregate measure of hours worked. It
is possible from published data to break this
figure down into regions and into hired and
total family labor. The SRS has available, but
does not publish, figures on the proportion of
family labor which is operator labor. By spe-
cial request, the SRS released confidential
data, since 1965, on the number of unpaid family
members working. Since these data are compiled
by states, it is possible to compute a man-hours
used broken down both by regions and by the
three classes of labor, hired, operator and un-
paid family members:

1. From the data on the number of

operators working per farm and
the number of unpaid family mem-
bers working per farm, take the
ratio of operators working to
all family members working.

2, Multiply this ratio by the num-

ber of all family members working
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(from Farm Labor) to get the
number of operators working.
Multiply the number of operators
working by the average hours
which they worked (Farm Labor)
to get aggregate operator hours

by regions.

Do the same for other family labor and hired
labor. This gives aggregate hours broken down
both by regions and by operator, hired and
other family labor.

Also, beginning 1in 1965, the SRS in the
June Enumerative Survey, collected data di-
rectly on the number of hours worked for one
week in May broken down by:

1. Farm operators.

2. Hired workers.

3. Unpaid family members (other than operator).

a. Working 15 or more hours during the week.
b. Working less than 15 hours per week.
However, these data have not been published.

For hired labor, it is possible to esti-
mate hours worked by dividing the wage bill
by the hired farm wage.

By making a seasonality adjustment, it
is possible to blow up the SRS June Enumera-
tive Survey data into an annual figure.

Below is a comparison of hired labor hours

for 1965 computed by the various methods:

Hours
June Enumerative Survey (seasonally adjusted) 2,175,834 ,000
(SRS average hours/week) (52) (SRS employment) 2,580,100,000
Wage bill =+~ composite wage rate 2,689,754 ,000

BLS 3,092,000,000
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A comparison of total labor hours for 1965 follows:

Hours
ERS (labor used approach) 7,904,000,000
BLS (labor force approach) 10,515,000,000
SRS (employment approach) 11,319,705,600

The procedure used to compile the labor input follows:

a. From the 1965 SRS data, compute regional
breakdown between hired, operator, and
other family members on a percentage basis.
Compute percentage deviations from U.S,.
average. Assume the regional deviations
from U.S, averages can be projected back-
ward through time.

b. Apply SRS regional deviations from U.S,
average to BLS breakdown percentages back
in time to 1956. This gives regional
breakdown percentages.

c. Apply these regional breakdown percentages
to the ERS regional man-hours to get ERS
man-hours broken down both by regions and

by class of worker.

The composite hired wage rate was adjusted for the
value of perquisites by taking the percentage difference
between F,I.B, figures on labor expenditures with and
without perquisites. This is the wage used for family
labor. For hired labor, it was determined that six per-
cent should be added to the quantity to account for
"stand-by" time. To facilitate computation, this six
percent was added to the wage rather then to the quantity.

REAL ESTATE INPUT

Land Classification

A problem arose in measuring the quantity of land in that the Cen-
sus classifications have changed slightly during the period involved.

There has been a general trend to carry through the sub-classifications
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with additional refinements and with changes in the headings and group-
ings of some classes. The change in land classification did not have a
serious effect on the valuation procedure except, in 1939, other pasture
was grouped together with all other land. An arbitrary separation was
made by assuming that the acreage of all other land was constant from
1939 until 1944, The way in which the Census classifications were group-

ed into value classes appears on the following pages.

The Value of the Stock of Land

In order to develop the constant dollar value of the stock of land,
it was necessary to develop land classifications which were consistent
with the per unit values, and for the 17 Western states, also consistent
with the rent/value ratios which were used to convert the stock to an
annual flow of input.

The only annual source of land valuations is a series by the Statis-
tical Reporting Service based on a random sample of crop reporting dis-
tricts. The Farm Real Estate section, FPED, ERS, has compiled a series
of per acre values from these data. Their breakdown by land quality
follows:

I. For the humid states:

1. Plowland

2, Pasture

3. Other land

II. For the mountain and Pacific regions:

1, Irrigated land

2, Non-irrigated land

3. Grazing land

4, Other land
The crop report questionnaire asked for values typical for the locality
as differentiated from land owned by the respondent. There is a discrep-
ancy of approximately 15 percent between the values reported on the SRS
survey and the Census report. The Census asked the question as follows:

About how much would the land and the buildings sell for?

a, Land and buildings owned by you?
b. Land and buildings rented from others?
c. Land and buildings managed for others?
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d. Land and buildings rented to others?
It is hypothesized that the discrepancy is due partially to:

1. The Census asked for total value of the farm in dollars, thus
the respondent may have given a book valuation, rather than a
present market valuation.

2. The wording of the Census question might lead the respondent to
report a value no higher than the assessed valuation. He might
believe that reporting a higher value could conceivably result
in an increase in taxation. The SRS question asked for the
valuation of other peoples land, thus there would be no incen-
tive to under report.

3. It is possible that the SRS report covered the more commercial-
ized farms compared to the Census Report. Complete data on land
classified by qualities was available only from the 5 year Cen-
sus benchmark. There are annual reports which give partial data
as follows:

a. The Statistical Reporting Service reports the acre-
age harvested of 59 crops. These data are by states.
b. The Natural Resource Economics Division, ERS, has

data on acreage of cropland used for crops by regions.

It is hypothesized that the values reported to the SRS survey did
not change abruptly with changes in distribution of land between crop-
land and pasture. Thus a precise annual break-down between cropland,
pasture land and other land did not seem necessary. Therefore, a deci-
sion was made to base the land quantity entirely on Census benchmarks.
Alternatives considered for interpolating between Census years follows:

1. A straight line interpolation between Census years.

2. A 6th degree polynomial equation which would give a

smooth curve passing through each Census point.

3. A polynomial curve of less than 6 degrees.

Although the curvilinear regression has certain theoretical advan-
tages, it suffers in that subsequent up-dating of the series might change
the regression line. For this reason a decision was made to use a

straight line interpolation.
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The Value of Buildings
In order to build up total land values by classes, it was necessary

to use weight period per acre values which excluded buildings. The op-
erator's dwelling was not considered to be a production item, thus it

was desired that it be excluded. However, the remainder of the farm
buildings are production items and should be included as an input. Serv-
ice building values were available which could be deflated to obtain a
constant dollar value. However, annual regional data were also available
on the value of buildings as a proportion of total real estate value,
also the value of dwellings as a proportion of total building value.
These ratios permitted the calculation of a constant dollar value for
land plus service buildings. An illustration of the equation used for
this calculation appears on page 118,

Data Sources for rent/value ratios

1, The Census reports the ratios of cash rent/value.
These figures were rejected for this study since in
the 17 Western States public grazing land is included;
the rental rate in many cases is less than the market
rate on this land.

2. The Crop Reporting Service has, for several years,
collected data on cash rents, together with estimated
values for the farms so rented. These figures were
considered to be superior for this study even though
there were a limited number of observations in some

states.

In order to estimate net rents, it was necessary to estimate Land-
lord expenses. Data for these costs came from:
1. The 1955 Survey of Farmer's Expenditures, compiled
jointly by the Census Bureau and the USDA, published
as USDA, AMS-354 December, 1959.
2. The 1956 Survey of Landlord's Expenses, an unpublished
small sample survey of expenditures by landlords on

tenant-operated farms.

Building maintenance was estimated from both sources and averaged.
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Payment for insurance premiums was estimated from the 1956 survey, and
insurance claims collected from the 1955 survey. Accidental damage and
maintenance of land and water improvements was estimated from the 1955
survey. Building depreciation and obsolenscence was assumed to be 1%
percent of building value, and management was assumed at 2 percent of the
gross rent.

Building depreciation and management costs were assumed at the same
rates for the 48 states. Other expenses were estimated separately for
each of the ten farm production regions.

The net-rent-value ratios calculated are tabulated on page 119 along

with a 1959 comparison to the mortgage rate of interest.

Procedure Used for Land Compilations

The weight period per acre values, from the farm real estate section,
are for bare land. These values were applied to the interpolated census
quantity figures to obtain the PQ for the stock of bare land. Annual
figures on the value of dwellings as a proportion of buildings and build-
ings as a proportion of land plus buildings were obtained from the Farm
Real Estate section. The following equation was derived to obtain the
value of land plus service buildings:

Procedure for converting land value to land + service building value
(Using 1939 Northeast region figures as an example) (in $1,000)

Land as a proportion of land + buildings = 1 - buildings as a proportion
of land + buildings = 1 - ,555 = ,445

Then land = value of land + buildings = 2,745,463 = 6,169,580
445 445

and (.555) (6,169,580) = value of buildings = 3,424,117
(.531) (3,424,117) = value of dwellings = 1,818,206
subtract to get value of service buildings 1,605,911
value of land + service buildings = 4,351,374
(2,745,463) (.555) (.531) = value of residence

(1 - .555)
( ,745,463) = value of land + buildings

- .555) X

AN
& .

2,745,463 2,745,463 (.555) (.531) = value of land + service

- 555 - .555 buildings 4,351,374

e

d



119

Letting:
L = Value of bare land,
d = buildings as a proportion of land plus buildings,
e = dwellings as a proportion of buildings,

x = value of land plus service buildings,

P ) e

Comparison: Net rent/value vs. mortgage rate of interest
(cash rented farms)

Ratio: Net rent/value

Mortgage
Interest 2
Region 1947 -49 1957 1958 1959 Rate, 1959
Percent Percent Percent Percent Percent
Northeast 3.2 3.5 2.7 3.1 5.40
Lake States 3.1 3.9 3.8 3.9 5.10
Corn Belt 2.9 4.0 3.8 3.7 5.17
Northern Plains 3.9 4.0 3.9 3.7 5.03
Appalachian 6.8 7.0 6.7 6.0 5.59
Southeast 7.9 6.8 6.6 7.0 5.96
Delta States 9.7 9.0 8.6 7.8 5.63
Southern Plains 5.5 4.9 4.6 4.5 5.38
Mountain 5.8 5.2 5.6 4,7 5.36
Irrigated 8.6 7.6 6.8 5.9 -
Nonirrigated 12.9 6.8 6.8 6.0 -
Grazing 3.1 3.3 4,7 3.7 -
Pacific 7.3 4.9 5.1 4.7 5.65
Irrigated 8.2 5.2 5.2 4.8 -
Nonirrigated 7.4 4.6 6.0 5.7 -
Grazing 5.7 4.5 4.7 4.2 -
U.S. Average 5.3 5.0 5.0 4.7 5.35

24Eitel, Van E., "Farm Mortgages Recorded in 1959,'" USDA, ERS-61,
April 1962.
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DEPRECIATION

Current dollar estimates of depreciation were obtained from the Farm

Income Branch. These estimates are compiled as follows:25
"Depreciation.--Depreciation covers. . . service buildings and other

farm structures, motor vehicles, and farm machinery and equipment, plus

accidental damage to farm buildings. It is the estimated outlay, in

current prices, which would be required if farmers were to replace the

plant and equipment used up during the year. The estimates are based

on a '"'declining balance method" in which a constant percentage represent-

ing the annual rate of depreciation of each type of capital is applied

to its estimated value at the beginning of each year. Depreciation

rates are applied separately to the various forms of capital equipment

on farms, but only 40 percent of automobile depreciation and 78 percent

of farm truck depreciation is charged as a production expense, The as-

sumed rates of depreciation result in a total chargeoff of approximately

95 percent of total value over the period of years estimated as the use-

ful life of the capital item, with the remaining 5 percent representing

scrap value.

For each of the capital items, the appropriate rate is applied to
the sum of its total value in constant dollars at the beginning of the
year and half the value in constant dollars of purchases during the
current year, because purchases are assumed to be distributed evenly
over the year. Constant dollar values are employed for these calcula-
tions to measure the real consumption of capital. An index of prices
paid by farmers is used to convert from a current to a constant dollar
basis or from a constant to a current dollar basis,

Estimates of accidental damage to farm buildings from fire, wind,
and hail are based chiefly on loss reports to insurance companies.

State estimates of depreciation for each category are derived by
allocating the U.S. totals among the States on the basis of the best in-
formation available. For example, depreciation on buildings is distri-
buted in proportion to the estimated value of buildings on farms in each

State. Depreciation of motor vehicles and other farm machinery is

25From Agriculture Handbook No. 365, Vol. 3, "Gross and Net Farm
Income," pg. 10f, U.S., Department of Agriculture, 1969.
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allocated in proportion to numbers of each type of vehicle on farms, or
other relevant information such as State totals of the cost of repairs

to farm machinery."

MAINTENANCE OF SERVICE BUILDINGS AND MACHINERY

Current dollar estimates were obtained from the Farm Income Branch,

ESAD. These estimates were compiled as follows:26

"Repairs and operation.--This covers repairs and maintenance of farm
buildings, repairs and other operating expenses for motor vehicles and
farm machinery, and expenses for petroleum, fuel, and oil used in the
farm business (net of refunds or tax credits).

Expenditures for building repairs and maintenance are estimated sep-
arately for dwellings and other farm buildings. 1In general, U.S, totals
are derived by applying to total expenditures for construction, estimated
ratios of repairs to total construction outlays. State totals are de-
rived by allocating the U.S. totals among the States in proportion to
the value of buildings on farms.

U.S. expenditures for petroleum, fuel and 0il used in the farm busi-
ness are from the quinquennial Census of Agriculture. Estimates for
other years are projected from the census year on the basis of changes
in prices of petroleum products, numbers of motor vehicles on farms, and
average consumption of fuel and oil for each type of motor vehicle.

Repairs and other operating costs of motor vehicles and machinery
are estimated separately for farm autos, trucks, tractors and other farm
machinery. They include such items as the cost of repairs, tires and
tubes, registration fees, and insurance. Only 40 percent of the total
cost of auto repairs and operations is charged to farm production and 78
percent for trucks. State totals of repair and other operating costs of
motor vehicles and farm machinery and equipment are derived in general
by distributing the U.S. total expenses for each type of vehicle among
the States in proportion to the number of vehicles on farms, the number
of tractors on farms, and other measures such as the estimated retail
value of farm machinery parts shipped and an index representing changes

in labor costs. Changes in prices for such items as tires, and services

“OFrom Agriculture Handbook No. 365, Vol. 3, op. cit., pg. A-19.
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such as insurance premiums, are utilized in constructing this account."

INTEREST ADDED BY NON-REAL ESTATE DEBT

Data were obtained from the Farm Income Branch for current dollar
expenditures for interest on chattel mortgages. Their accounts are made
up of the following components:

a) Interest paid to all commercial banks, obtained from

Carson Evans, Agricultural Finance Branch, adjusted for
interest paid on non-farm credit.

b) 1Interest paid to all federal agencies except the CCC,

also obtained from the Agricultural Finance Branch.

c) Interest paid to the CCC, obtained from the ASCS.

d) Interest paid to dealers and others.

Since most short term debt is incurred to finance inventory, and since

we are charging interest on inventory at the mortgage rate, it would be
double counting to include all of the interest paid on short term debt.
Thus, the weight period difference between the short term rate and the

mortgage interest rate was calculated reasoning that this is the added

cost to the farmer of borrowing short term credit rather than using his
own capital.

Thus, the short term principal was multiplied by the weight period
difference between the short-term and mortgage rates and the resulting
interest added figure was deflated with the SRS index of Production
Costs. Intiutively this may seem like erroneous double deflation but
consider the example:

Assume a farmer borrows the money to buy a grain drill in the

weight period. The drill cost $400. The interest rate was

6%. Assume the loan was for one year. The loan cost was $24.

Suppose in 1970 the farmer buys an identical grain drill but

the price is now $600 and the interest rate is 8%. The loan

cost is $48.

We wish to deflate in such a manner that the two loans have
equal constant dollar cost. To do this we have to both de-
flate the price of the machine and use a weight period inter-
est rate.
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This input was entered in the computer program as follows:

Let t = the current year
t-1 = the current year minus one, in other words, last year
P = amount of short term money borrowed

S = current short term interest rate

So S (t-1) = interest rate on short term credit outstanding,
assuming the current rate lagged one year approximates
the rate on loans outstanding

Sw = the weight period interest rate on short term credit out-
standing

L = the weight period long term interest rate (use the mort-
gage rate of interest as a proxy)

I = the index of production costs

Want  P/I(S,-L) knowns: S

oP» S¢» Sys L, I.
Sw S oP
S°P°§; = SuP and L -§; = LP
Sw SoP
SOP'§; - L -§; = PS, - PL = P(S,-L)

divide by I to deflate:

1 S,P SoP SoP (Sy - L)
(T)sv--- ( a2

S_P

PETROLEUM, FUEL AND OIL

It was necessary to construct price indices for this input since
none existed on a regional basis., The indices constructed were based on
the tank truck price of regular gasoline. These price figures were
available by regions since 1959. The Agricultural Estimates Division
supplied confidential data for the years 1957 and 1958, although these

figures were subsequently published in the December 30, 1966 Agricultural
Prices.



For the years prior to 1957, regional data were not available for

tank truck gasoline.
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lowing procedures:

A‘

The Farm Income Branch keeps accounts on cotton ginning but for no

For the years 1948 through 1956, it was assumed that the
national percentage variation between tank truck prices
and filling station prices could be applied to each re-
gion. Thus, filling station prices were computed by re-
gions and decreased by this percentage difference to
derive tank truck prices.

No expenditure measurements were made between the years
1939 and 1947, Thus the F.I.B. expenditure figures are
a straight line interpolation for this period. To de-
rive a tank truck price for this period, the regional
tank truck price was computed by procedure A for the
years 1939 and 1947. Then the regional variation from
the United States average price was computed for these
two years and this variation was interpolated for the
other years in the interval. These interpolated vari-
ations were then applied to the annual United States
tank truck prices to obtain regional tank truck prices

for the period.

CUSTOM WORK

other custom work.

A decision was made to handle ginning separately and assume that it

is all done by non-farmers.

The 1955 survey of farmers expenditures has entries for both custom

work expenditures and income from custom work.

enable a calculation of value added by non-farmers which came out:

Proportion of Custom Work Done by Non-farmers

Percent
North 70.8
South 71.9

West 61.0

Data for these years were manufactured by the fol-

This would supposedly
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Since these figures were obviously too high, Paul Strickler, Produc-
tion Resources Branch, FPED, was asked for an educated estimate which
was 35 percent for the Pacific Region and the Plains States and 20 per-
cent for the remaining regions.

A subsequent conference with Grady Crowe, Production Adjustments
Branch, FPED, indicated that this estimate was low for cotton regionms
since aircraft are customarily used for insecticide application. Thus a
decision was made to raise the Delta and Southeast regions to 35 percent.

The first census measure on custom work was in 1949. The wording
on the 1949 and subsequent census questionnaires appears on a following
page. At first it was believed that ginning could be subtracted from
the census figure to obtain a figure for custom work other than ginning.
The results indicate that if the Farm Income Branch's figure on ginning
is subtracted from the census expenditure for custom work the rate per
acre comes out negative for the Delta states in 1949 and only 15 cents
in 1954,

Conferences with Rudie Slaughter and Herbert Brown, Production Ad-
justments Branch, FPED, indicated that most farmers consider ginning to
be a processing cost rather than custom work. The changes in the word-
ing of the census question and comparison with the 1955 figure from the
survey of farmers expenditures indicates that the 1959 census figure
probably included most of the ginning with custom work.

In order to estimate a 1954 figure comparable with the non-cotton
regions, the percentage change from 1954 to 1955 for the non-cotton re-
glons was projected from 1955 back to 1954 for the cotton regioms.

(Much of this change was likely sample bias rather than a change in per
acre rates.) For the cotton regions; the Delta states, the Southeast,
Southern Plains, Appalachian, and Mountain, these 1954 rates were used
for all years from 1939 to 1954.

For the non-cotton regions, the 1949 rates per acre were used for
all years from 1939 to 1949,

The 1964 census excluded ginning but included contract work. Since
much of the Bracero labor was contracted, an effort was made to separate
this out of the 1964 census figure by:

a. Calculating the change is custom work expenditures from
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1959 to 1964 for the United States, excluding the

states of: California, Texas, Florida, and Michigan2

7

since these states use most of the Bracero labor (ERS
Ag. Econ. Report #77).

b. Applying the rate of change calculated in (a) for

these four states to the 1959 census expenditure.

This assumes that the rate of change 1959-64 for the remainder of

the nation can be applied to these four states.

To move between census benchmarks, the custom rate per acre of
cropland harvested was interpolated.

nual cropland harvested acreages to obtain the PQ in current dollars.

The 1964 custom rate/acre was used for subsequent years.

The deflater used was an average of the indices of prices paid for:

a. Motor supplies.

b. Farm machinery.

c. Wage rates.

Wording of census questions regarding expenditures for machine hire

and custom work:

The question was first asked in 1949:

1954

1959:

How much was spent last year for machine hire?

(Include tractor hire, threshing, combining, silo
filling, baling, plowing, and spraying.)

How much was or will be spent this year for machine
hire? (Include custom work such as tractor hire,
threshing, combining, silo filling, baling, ginning,
plowing, and spraying.)

(Question 276) How much was or will be spent this

year for machine hire? (Include custom work such

as tractor hire, threshing, combining, cotton pick-
ing, cotton ginning, silo filling, corn picking,

baling, plowing, fruit picking, spraying and dust-
ing.) (Question 277) How much was or will be spent

this year for hired labor? (Do not include housework,

27

Since this procedure increased rather than decreased the 1964
Michigan Expenditures for custom work, a decision was made to use the

1964 census figure for Michigan without adjustment for contract labor.

This figure was applied to the an-
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custom work, or contract construction work. In-
clude cash payments only.)

1964: (Question 345) How much was or will be spent for
machine hire, custom work, and contract work in
19647 (Include expenses for the hire of farm
machinery and equipment; and custom work such as
grinding and mixing feed, plowing, combining,
corn picking, silo filling, sprayirg, dusting,
and contract work such as fruit picking, berry
picking, fruit harvesting, etc. performed by a
contractor, crew leader, a cooperative, etc. Do
not include expenses for cotton ginning.)
(Question 346) How much was or will be paid in
cash for hired labor in 1964? (Include payments
to members of the family and payments made or to
be made for Social Security taxes. Do not in-
clude payments for housework, custom work, or

contract work.)

VEHICLE LICENSES

The cost of licensing farm vehicles can be considered a farm input
in so far as the expenditure represents a payment for road construction
and maintenance. Data on the current dollar expenditures for the pro-
duction share of this item were obtained from the Farm Income Branch,
ESAD. The SRS index of prices paid by farmers, including interest,

taxes, and wage rates was used as a deflator.

VEHICLE INSURANCE

The production share of the cost of insuring motor vehicles was de-
rived similar to vehicle licenses. Data on current dollar expenditures,
net of loss adjustments, were obtained from the Farm Income Branch. The

index of motor vehicle prices was used as a deflator.
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BLACKSMITHING, HARDWARE, AND SMALL HAND TOOLS

Current dollar expenditures data for these items were obtained from
the Farm Income Branch, and deflated with the SRS index of prices paid
for farm supplies.

ELECTRICITY

Regional data for expenditures on electricity were not available
prior to 1949, An assumption was made that there was no change in the
regional distribution for the period 1939-1948. Data for this period
and regional data for subsequent years were obtained from the Farm In-
come Branch.

These current dollar expenditures were deflated with an index based

on the price per KWH paid by farmers for electricity.

HARNESS AND SADDLING

Current dollar expenditure data for these items were obtained from
the Farm Income Branch. These figures were deflated with a price index
constructed from the price of horse collars reported in Agricultural

prices.

FERTILIZER

The fertilizer input was compiled as follows:

The composite fertilizer grade was calculated for each region, then
a grade as nearly the same as possible was found for which a price was
available. Mixing cost was then assumed to be the difference between
what farmers paid for this grade and what they would have paid if they
had purchased the equivalent quantity of nutrients at straight material
prices.

Quantities and prices for the early period (1939-54) were based on
oxides. That is, P»Og for phosphorus and K,0 for potash. For the late
period (1955 to 1970) prices and quantities were on an elemental basis.
For the late period, anhydrous ammonia was priced separately from other

forms of nitrogen. For both periods rock phosphate was priced separately
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from other forms of phosphate. For everything except rock phosphate,
prices were derived on a nutrient basis. Rock phosphate was priced as
a straight material.

Non-farm use was then estimated and subtracted from the total. The

procedure used to estimate non-farm use follows:

Procedure for determining non-farm use of fertilizer

There are three sources of data on non-farm use of fertilizer:
1. Article by Scholl and Wallace in Vol. 5, #2 of Agricul-
tural Chemicals, NAL #381 Ag8, June 1947-June 1948 Data.
2. USDA Bulletin 216, Bottom of Table 2, 1947, 1950, 1954,
data.
3. USDA Bulletin 348, 1959, data.

Only the sources underlined were used because:

a, There was no significant difference between 1 and 2 for
1947 and source 2 lacked data for the Lake States and
the Corn Belt regions.

b. The 1950 data from source 2 was judged to be very rough
estimates by Don Ibach, FPED, ERS, and did a very poor
job of fitting the trend.

The three sources underlined were used as follows:

1. For the years prior to 1948 the 1948 ratio of non-farm/
total was applied to the total figures.

2, For the years 1948-54 and 1954-59 a straight line inter-
polation was used.

3. For the years subsequent to 1959, the rate of increase
from 1954 to 1959 was cut in half and continued. 1In
regions where non-farm use decreased from 1954-59, the

1959 rate was continued.
Limes tone

I. Quantity:
The 1954 and 1959 census tonnage figures were adjusted for under-

enumeration using the adjustment figures for acres of cropland
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28

harvested.
Then:

A.

For the Mountain Region, census data were interpolated between
census years from 1939 to 1959. Lime Institute data were not
used since there were no reports for several mountain states
during this period. For the Mountain Region, the census did not
report lime tonnages in 1964. Thus for 1964 and subsequent years,
for the Mountain Region, the Lime Institue figures were used.

For the period 1959 to 1964, an interpolation was made between
the 1959 census tonnage and the 1964 Lime Institue tonnage.

B. For the other regions:

1. For the period 1939 to 1954:

a. For the Pacific Region a straight line inter-
polation was made between census benchmarks.

b. For the humid states, the lime association and/
or institute figures were wedged to fit the cen-
sus data.

2, For the period 1954 to 1964, the Lime Institute
figures were wedged to fit census data for all re-
gions except the Mountain Region.

3. For the period 1964 to date, the 1964 wedge factors
were applied to the Lime Institute figures for all
regions except the Mountain Region.

II. Price:
A, For the 1957-59 weight period, SRS spring and fall prices
were averaged.
B. For 1947 and 1948, spring SRS prices were used.

For 1949, spring and fall SRS prices were averaged.

THE SEED INPUT

Two basic approaches are available to estimate constant dollar

8Underenumeration figures were not available by states from the Cen-
sus bureau as of 1 December 1968. The figures on page 59 of ERS Agricul-
tural Economics Report #149 imply a correction of only 1% percent. Thus
a decision was made to use the 1964 census data without an adjustment
for underenumeration.
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expenditures for seed.
1. The quantity planted for some of the major grains is

published in Agricultural Statistics. For some of

the remaining grains, the quantity planted can be

estimated by multiplying acres planted by the seed-

ing rates from Agricultural Statistics. These quan-

tities have been computed, for most seeds for which

prices are available, by the Farm Income Branch.

These quantities can then be multiplied by the pro-

portion purchased29 and the weight period value added

to obtain the value added in constant dollars.

2. Expenditures in current dollars, available from the

Farm Income Branch, can be deflated with the index of

seed prices. This gives expenditures in constant dol-

lars which can then be multiplied by the weight period

marketing margin to obtain value added in constant

dollars.
The first approach is more accurate for those crops for which price data
are available, however, prices are not available for many of the minor
crops. Thus, the first approach was used for the major grains and the
second approach for the remainder of the seed input. The grains treated

as major grains were:

Corn hybrid Soybeans
Corn, open pollinated Barley, spring
Oats, spring Cottonseed

Wheat, spring
This is the way F.I.B., classifies the grains (plus a misc. class). It
was necessary to use their classification system since prices were not

available for all of the minor grains, thus prohibiting them from being

29An