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PREFACE

The purpose of this study was to develop and utilize an econometric
model to explain productivity growth in the United States agricultural
sector over the 1939 to 1972 period. In addition, an attempt was made
to explain the observed differential rates of productivity growth among
ten farm production regions of the United States. Particular emphasis
was placed on examining the role of the public sector in stimulating
productivity change in agriculture and evaluating the form of the time
lag between public investment in agricultural research and extension
activities and the ensuing contribution to agricultural production.
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CHAPTER I
INTRODUCTION
The Role of Technological Change

Prior to 1960, the economics of technological change - its sources,
diffusion, and application - occupied a relatively small corner of the
main body of economic thought. Since that time, however, the prolifera-
tion of literature on this subject has occurred at a rather fantastic
rate.

Why the sudden interest? There is probably no single answer to
this question. Possible candidates run the gamut from a relatively
uncrowded outlet for publications to a genuine recognition of the
crucial role technological change plays in economic growth and develop-
ment, competition, factor markets, and nearly every other aspect of
economics.

As an explanation for the growing interest in this topic as it
relates to the agricultural sector of the economy, one can point to
three recent developments. The first is the fact that at the present
time nearly half a billion people are suffering from some sort of
hunger. Some 10,000 of them die each week in Latin America, Asia, and
Africa (94, p. 66). The major causes of this crisis are well-known and
need not be discussed here. What is important for the present discus-
sion is that the export of agricultural technology by the U. S. and

other developed countries to the developing nations is being tauted as a



primary long-run solution to the problem, It is natural that this has
resulted in an increasing awareness of and interest in the nature of
specific agricultural technologies: their potential rates of adoption
by the developing countries, the means by which they can best be
diffused, and their ultimate contributions to the supply of food.

The second explanation concerns the behavior of agricultural pro-
ductivity in the last decade. The performance of the aggregate
productivity index for the U. S. agricultural sector - a measure of
total agricultural output per unit of all inputs used in production or
charged to the farming industry - was not nearly as satisfying during
the decade of the 1960's as in the two previous decades (see Figure 1).
In 1940-50, this measure of efficiency rose 18 percent; in 1950-60 the
productivity index rose 26 percent; however, in 1960-70, the increase
was only 3 percent (16, p. 4).

The erosion of the rate of increase in productivity is in part due
to structural changes in the agricultural sector which have occurred
since 1960. In the period 1940-1973, the number of farms decreased about
54 percent from 6,096,799 to 2,831,290. Meanwhile, the average size of
a farm increased 121 percent from 174 acres to 385 acres (67, 68).

This process of growth in the size of individual farms apparently
moved the agricultural sector nearer to the minimum point on its long-
run average cost curve. As the optimum scale of plant was approached,
the marginal gains in efficiency from capturing additional economies of
size became less. The result was a dampening of the rate of growth of
output per unit of aggregate input, i.e., productivity in agriculture.
In order to enhance productivity growth in the future, favorable shifts

of the long-run average cost curve through technical change must
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continue to occur.

The final explanation for the growing interest in the economics of
technological change in agriculture is a resﬁ]t of the recent upsurge
in public and private concern for assessing the costs as well as the
benefits of existing and emerging technologies. For example, the
productivity gains brought about by increased utilization of certain
pesticides and herbicides were not an unmixed blessing. The energy
inputs required to produce these chemicals and their attendant environ-
mental hazards have led to stepped-up research efforts in the areas of
breeding of insect-resistant plants and pheromones. Experiences such as
this led in 1973 to the preparation of a report for the National Science
Foundation (6) which presented the results of a poll intended to derive
a list of technologies which, in the judgment of respondents from the
academic community, industry, and all levels of government, had impacts
so uncertain or large that they were prime candidates for technology
assessments. From 278 given technologies, the respondents were asked
to select the 30 "most important." Among these top 30, technologies

relating to food production accounted for 30 percent.
Objectives

The three concerns described in the above section suggest three
broad areas of inquiry. The present study focuses on the second of
these concerns; the behavior of agricultural productivity over time.

In general terms, this study is designed to identify and analytically
examine sources of productivity change in the U. S. agricultural sector
for the period 1939-1972. The specific objectives are to:

1. Develop a theoretical framework in which the contributions



to agricultural production of identified sources of productivity change
can be conceptualized and confront this framework with data;

2. Examine the role of the public sector in stimulating technical
change in agriculture, with particular emphasis on evaluating the form
of the time lag between public investment in research and extension
activities and the ensuing contribution to agricultural production;

3. Examine the regional impact of public sector research and
extension expenditures with an eye toward explaining the differential
rates of return to these bub]ic sector investments, the differential
levels of productivity, and the differential time forms of the research
and extension-output relationships between the ten farm production
regions of the U. S. defined by the U. S. Department of Agriculture
(USDA);

4. Evaluate the rate of return to public sector agricultural
reseérch and extension expenditures;

5. Formulate, based upon empirical results of this study, public
policy implications regarding investments in agricultural research and
extension.

It is hoped that by better understanding the historical sources of
productivity change, some insight into methods to control its behavior

in the future may be gained.
Definitions and Limitations

As pointed out above, the economics of technological change is a
relatively new area of interest. One consequence of this is that there
still remains considerable misuse of several quite similar, but

theoretically distinct terms. To minimize confusion, these terms as



they are used in the present study are discussed below.

Productivity is a measure of the efficiency with which resources
are transformed into goods and services that satisfy human wants (36,
p. 3). The ratio of output to all inputs combined is called “total
factor productivity.“] An increase in this ratio, i.e., positive
productivity change, implies that more output can be produced with the
same quantity of inputs. To facilitate comparison over time, these
total factor productivity ratios are normally converted to a productivity
index which expresses the value of the current ratio as a percent of
the base year ratio.

Conceptually it is convenient to categorize the sources of produc-
tivity changes in the U. S. agricultural sector into two major groups:
sources whose impacts on productivity are made by increasing the stock
of knowledge regarding the industrial arts, and sources whose impacts
on productivity are made by altering the physical and/or economic
environment in which production takes place.

The type of productivity change brought about by sources in the
former group is called "technical change." Technical change measures
the increase in output which has occurred as a result of some of the
potential users adopting a new technology (2, p. 2). Technical change
consists of two acts: the discovery of new technology and the diffusion
of that information to potential users. Since the public only benefits
from those improved techniques which are adopted by the agricultural
industry, these two acts are complementary in the function explaining

productivity.

]Unlike quantities of inputs--hours of work, acres of land, etc.--
are combined into a single aggregate input by using their monetary
values.



The type of productivity change brought about by sources in the
latter group is distinct from technical change in that these sources do
not emit new knowledge of the industrial arts. Instead, they cause the
aggregate agricultural production function to shift by altering the
state of one or more of the variables which are assumed constant in

estimating the production function. Examples of these ceteris paribus

variables include the weather, the level of demand for farm output, and
agricultural price support programs.

While this categorization of the sources of productivity change is
handy from a conceptual standpoint, it is quite awkward to maintain this
distinction in an empirical study. To date, economists have been unable
to isolate the effects of pure technical change except when dealing with
individual processes (43, p. 31). Therefore, this aggregate study is
concerned with analyzing all shifts in the production function, whether
they are caused by technical change or by changes in any of the ceteris
paribus variables.

The second major limitation of this study is that reliable data on
production-oriented private sector expenditures on research and exten-
sion are not available. As a result of their omission, the estimated
contribution of corresponding public sector activities will be biased.

Steps to alleviate this bias problem will be taken.

Organization of the Study

In Chapter II the methodologies and conclusions of previous efforts
to determine the contribution of public sector research and extension
activities to agricultural productivity are discussed and critically

evaluated. Having gleaned as much as possible from these earlier works,



a theoretical framework is developed in Chapter III to guide the empiri-
cal measurement of the contributions of identified sources of produc-
tivity change, particularly research and extension activities. In
Chapter IV, the empirical model and the techniques to be used are
presented. The following two chapters, Chapters V and VI, consist of
the empirical results and implications for the U. S. and the ten farm

production regions respectively. In Chapter VII, conclusions are drawn.



CHAPTER II
MODELS OF PRODUCTIVITY CHANGE IN AGRICULTURE
A Conceptual Framework

In order to adequately appraise previous theoretical and empirical
contributions to the area of productivity change in agriculture, it is
first desirable to develop a clear concept of the process in question.
Such is the intent of this section.

To expedite the discussion, assume that production in the agricul-
tural sector of the U. S. can be described by a Cobb-Douglas function
where productivity change is time related. Then an aggregate production

function for agriculture may be written as

v, = A LS Kﬁ (2.1)

where:

Vt is agricultural output in time t,

Lt is aggregate labor in agriculture in time t,

Kt is aggregate capital in agriculture in time t,

At measures the cumulative effect of productivity over time.
The Tog linear form of equation (2.1) is

In Vt = 1n At +aInl, +8 1n Kt' (2.2)

t
Equation (2.2) can be expressed in terms of rates of change by

differentiating with respect to time. This manipulation yields
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_t _t _t  _t
dt =o __dt +p __dt + _dt
V. L, Ke A, (2.3)

or, using the standard convention of placing a dot over a variable to
represent the derivative of that variable with respect to time,

Equation (2.3) becomes

> .

t t t t
w— =0 + R 57— + — -
t Lt Kt At (2.4)

— .

Rearranging terms, it becomes clear that the rate of productivity

change can be viewed as a residual:

K

b=
<
P

= _t _t
E., -V “T, te (2.5)

~
F |ef

Equation (2.5) can be interpreted as meaning that the rate of produc-
tivity change in agriculture, At/At, is equal to the difference between
the rate of growth of agricultural output and the weighted sum of the
rates of growth of agricultural inputs, where the weights represent the
partial production elasticity of each input. In other words, At/At is
a "shifter" of the production function which resolves the physical
relationship between output and inputs at a given point in time. If
the physical relationship changes over time, the value of At/At changes
to reflect this.

At/At can be more precisely specified as a function of n specific

sources of productivity change:

16> Xops ++eo Xnt]‘
It follows that Equation (2.1) can then be rewritten as

= 1% B
Vt Lt Kt g[x]t, Xops ++vs xnt]' (2.7)

A"
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The xi's may therefore be considered to be “nonconventional" inputs in
the aggregate agricultural production function. The major thrust of

the present effort and the earlier studies discussed in the next section
is to identify the xi's in Equation (2.6) and, where possible, measure
their contributions to agricultural output.

Models developed to date which directly or indirectly seek to
examine the sources of agricultural productivity have identified the
following explanatory variables: research expenditures (2, 17, 22,

23, 47, 53, 65), espenditures on extension of the improved techniques
(2, 17, 23, 47, 65), education (17, 23, 24, 65), and weather (17).

Edwin Mansfield (44, p. 35), in discussing technological change in
general rather than with regard to the agricultural sector, expands

this list to also include betterment of worker health and nutrition,
economies of scale, changes in product mix, and improved allocation of
resources. Still other factors which are likely determinants of agri-
cultural productivity are the expectations of farmers, particularly with
regard to output prices, and the various farm programs of the federal
government..

This Tist of nonconventional inputs in the production function
describing agriculture is hardly complete, nor is it meant to be. There
are benefits and costs associated with the inclusion of any given factor
in the list of xi's which comprises Equation (2.6). Inclusion of a very
large number of factors may lead to a more complete specification of the
production process over the time period in question, however it may do
so with an attendant complexity that is difficult to grasp and may
render meaningful conclusions impossible to draw. Therefore, even

though studies of productivity change in agriculture do extend the 1list
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of variable resources to include certain nonconventional inputs, they
do not pretend nor do they desire to perfectly specify the production
function. In lieu of this, the investigator includes only those xi's
which can be varied over the time period being considered and which in
his judgment are most important in determining output per unit of time.

Taken as a body of literature, previous studies have focused upon
the role of research expenditures and the return to agricultural
research. There would seem to be two major reasons for this relatively
intense interest in the contribution of research: intuitively, tech-
nological change in agriculture is closely associated with the amount of
research effort (as represented by research expenditures) forthcoming,
and the growth record of agricultural research expenditures has been
quite imposing (see Table I).

This growth record warrants further comment. Over the 1939-1972
period, total annual public sector expenditures on agricultural research
and extension work have grown from some $105 million to $1,235 million,
a nominal increase of about 1,100 percent or a real increase of about
245 percent.] However, these total expenditure figures are somewhat
misleading. Not all public sector research is oriented toward increas-
ing agricultural output per unit of aggregate input at the farm level.
As shown in Table I, these "production-oriented" expenditures comprise
only a fraction of the total. The residual expenditures are
"nonproduction-oriented" and include expenditures on such research
activities as enhancement of the efficiency of the marketing system and

product utilization research. The same holds true for expenditures on

]Price deflators used in this study are explained in the Appendix.
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PRODUCTION-ORIENTED, NONPRODUCTION-ORIENTED, AND TOTAL PUBLIC
SECTOR RESEARCH AND EXTENSION EXPENDITURES, 1939-1972

(CURRENT DOLLARS 000)

Production- Nonproduction- Total

Oriented Oriented Public Sector
Year Expenditures Expenditures Expenditures
1939 64128 41364 105492
1940 65651 43408 109059
1941 62869 42639 105508
1942 64967 46361 111328
1943 66340 40159 106499
1944 68321 41859 110180
1945 76430 43072 119502
1946 91353 45947 137300
1947 113466 72227 185693
1948 120321 90007 210328
1949 137945 68284 206229
1950 157254 121469 278723
1951 162491 84108 246599
1952 173587 88919 262506
1953 179962 98233 278195
1954 190273 100842 291115
1955 201666 104421 306087
1956 223547 137215 360762
1957 249829 145633 395462
1958 281854 184401 466255
1959 296162 188629 484791
1960 312374 190589 502963
1961 333978 203585 537563
1962 361325 206366 567691
1963 380695 227832 608527
1964 413009 245491 658500
1965 456447 254796 711243
1966 497629 248241 745870
1967 520007 267354 787361
1968 565669 283441 849100
1969 597340 299113 896453
1970 644513 354111 998624
1971 710457 371814 1082271
1972 779013 455776 1234789

Source: See the Appendix.



14

the extension of the research results to farmers. Extension activities
of the public sector which are nonproduction-oriented account for a
significant portion of total extension expenditures and include activi-
ties designed to improve community services and environment, enhance
consumer health, nutrition, and well-being, and raise the standard of
living in rural areas.

This distinction between production-oriented research and extension
activities and nonproduction-oriented activities is a most important
one. It is a distinction which will be maintained throughout this
study. As conceived of herein, production-oriented research and exten-
sion activities include those activities which have as their ultimate
aim the improvement of agricultural productivity by enhancing the state
of the industrial arts and the application of these arts, Thus,
production-oriented activities are conducted in an effort to bring about
technical change in agriculture. Nonproduction-oriented activities, on
the other hand, are those research and extension activities which seek
to improve agricu]fura] productivity by favorably altering the physical
and/or economic environment in which agricultural production takes place,
as well as to enhance consumer welfare.

Using this conceptual framework, selected previous works are
reviewed and evaluated in the next section. This discussion is confined
to the more quantitative, analytical approaches rather than the qualita-
tive, public relations approaches. As pointed out above, most of these
works focus on the return to agricultural research. Some of the
techniques which measure the benefits resulting from research in terms
of the value of inputs saved are first examined. A consumer surplus

approach which heralds the more recent production function approach
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is then presenfed, followed by an evaluation of these recent efforts.
Review of Selected Previous WOrks2

Value of Inputs Saved Approach

Estimating the benefits received from public sector research and
extension expenditures is not a simple task. One technique which has
emerged is to calculate the value of inputs saved by new and better
techniques. Two different approaches which utilize this basic idea
have been applied by Schultz (53), and Tweeten and Hines (65).

Schultz determines how many more resources would have been required
to produce the 1950 level of agricultural output if 1910 techniques had
been employed. As an upper limit, Schultz estimates that expenditures
on total inputs of $30,000 million at 1946-1948 prices were 14 percent
larger in 1950 than in 1910. The dollar .value of output, however, was
75 percent larger in 1950 than in 1910. Output per unit of aggregate
input, therefore, was 54 percent larger in 1950. Schultz reasons from
this that to produce the 1950 level of output with 1910 techniques would
have required $16,200 million ($30,000 million x .54) of additional
inputs. Since these additional inputs were saved, $16,200 million
represents the benefits in 1950 alone from improved, more efficient
production techniques obtained through research and extension activities.

Using this same approach, only valuing inputs at 1910-1914 prices,
yields a lower 1imit in inputs saved in 1950 of $9,600 million. The

obvious question is, at what costs were these benefits obtained? In an

2Portions of this section draw substantially upon an article by
Willis L. Peterson (48).
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effort to present a very conservative estimate of benefits over costs,
Schultz assumes that the 1950 level of agricultural research and exten-
sion expenditures prevails throughout the 1910-1950 period. This
implies that total expenditures over the entire 40 year period were
$7,000 million ($175 million x 40), which is substantially less than
the Tower limit savings in agricultural inputs of $9,600 million in the
single year 1950.

Schultz (53) closes his discussion of the contribution of research
and extension to agricultural production with some very appropriate
warnings. First, he points out the fact that

. while it has been convenient to treat all the expendi-

tures for agricultural research and extension as if they

were used wholly to advance agricultural techniques, some

activities for other purposes are financed by these

expenditures. (p. 121)

As noted in the preceeding section (see Table I), these nonproduction-
oriented expenditures represent a significant portion of the total.
Failure to distinguish between production-oriented and nonproduction-
oriented expenditures tends to bias the return to production-oriented
agricultural research and extension.

Schultz's second warning has to do with the lack of reliable infor-
mation on the research and extension expenditures of firms and
individuals in the private sector.

It would be a mistake to ascribe all the gains from new and

better production techniques to the work of the agricultural

experiment stations, the agricultural extension services,

and to the many agencies of the U. S. Department of Agri-

culture engaged in research and its dissemination. (53, p. 121)
Neglecting the expenditures of the private sector tends to overstate

the return to public sector research and extension. Finally, Schultz

acknowledges that this technique ignores the contribution of education
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over time.

Schultz's technique and warnings can be used to examine the contri-
bution of research and extension to agricultural production over time.
In Table II are presented estimates of total resources employed in
agriculture in the final year of each of three recent periods, the
proportionate increases in productivity over each period, the value of
inputs saved in only the final year of the period, and estimated total
(public plus private) production-oriented research and extension expend-
itures for the entire period.

The means by which these final figures were obtained deserves fur-
ther explanation. Although there is .little reliable information on
private sector production-oriented research and extension expenditures,
a 1966 study by the USDA (82) estimates industrial research and develop-
ment related to agriculture as being 53.9 percent of total research and
development in agriculture in 1965. Thus, in order to approximate total
expenditures, it is assumed that public sector and private sector
production-oriented research and extension expenditures are equal.

The results obtained from this more recent data are not quite as
favorable for agricultural research as those obtained by Schultz for the
1910-1950 period. The research bill from 1950-1959 is $4,234 million
whereas the value of inputs saved in 1959 alone is $10,762 million;
more than twice the total production-oriented research and extension
expenditures for the entire decade. In the decade of the 1960's,
however, the research bill is more than twice as great as the value of
inputs saved in 1969. Some improvement occurred over the 1970-1972
period, however the research bill still exceeded the value of inputs

saved in 1972.
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TABLE II

VALUE OF INPUTS EMPLOYED IN AGRICULTURE IN FINAL YEAR OF PERIOD,
PROPORTIONATE INCREASE IN PRODUCTIVITY OVER PERIOD, VALUE OF
INPUTS SAVED IN FINAL YEAR OF PERIOD, AND TOTAL
(PUBLIC PLUS PRIVATE) PRODUCTION-ORIENTED
RESEARCH AND EXTENSION EXPENDITURES
OVER PERIOD FOR SELECTED YEARS
(MILLIONS OF 1957-1959 DOLLARS)

Proportionate Total Research
Value of Inputs Increase in Value of Saved and Extension
in Final Year Productivity, Inputs in Final Expenditures

Period of Period@ Over Period b Year of PeriodC for Periodd
1950-59 $46,791 0.23 $10,762 $4,234
1960-69 46,632 0.08 3,731 8,876
1970-72 47,053 0.08 3,764 4,268

ASource: Unpublished data obtained from USDA sources. These are the
same data used by the USDA in computing the productivity index
published in Changes in Farm Production and Efficiency (76).

bCa]cu]ated by subtracting the value of the official USDA productivity

index for the beginning year of the period from the value in the final
year of the period and dividing by the index value for the beginning
year of the period. For example, the 1940-49 figures (see Appendix,
Table XVIII) are (73-62)/62 = 0.17

CCalculated by multiplying the proportionate increase in productivity
by the value of inputs employed in agriculture in the final year of
the period.

dSource: See Appendix.
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These figures should not be construed to mean that agricultural
research and extension is no longer a sound investment. If we view
these figures in another way, it becomes quite apparent that the return
to these investments is still realatively high: the production-oriented
research bill from 1970 through 1972 is $4,268 million, while the total
value of inputs saved over the entire period is about $7,074 million.
The major conclusion to be drawn from Table II is that the return to v
agricultural research and extension has apparently fallen over the
1950-1972 period. This conclusion is strengthened by the fact that the
technique used to construct Table II ignores the contribution to pro-
ductivity increases of an exponentially rising level of educational
attainment among farm workers.

The basic idea underlying the technique utilized by Tweeten and
Hines (65) also stems from a notion that increased agricultural
productivity has released resources which would otherwise have been
engaged in the production of food and fiber. Specifically, Tweeten and
Hines suggest that the release of human resources from agricultural
production has freed them to take positions in other sectors of the
economy where the values of their marginal products are higher. As a
result, nafiona1 income has risen more than it would have had increases
in agricultural productivity not occurred.

As an example of the means by which Tweeten and Hines estimate the
returns to increased agricultural productivity, consider the 1910 to

1963 period.3 Per capita income in the farm sector was $1,302 in 1963

3These figures are taken from an article by Willis L. Peterson
(48). Al11 the figures necessary to complete the calculations were not
presented in the Tweeten and Hines article (65) and therefore the
secondary source was consulted.
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as compared to $2,639 in the nonagricultural sector of the economy.
National income in 1963 would therefore have been $247 billion if every-
one had received the per capita income prevailing in the farm sector.
Had everyone received the per capita income of the nonagricultural sec-
tor, national income in 1963 would have been about $500 billion.
Weighting these two figures by the proportion of the population in each
sector and summing, an estimate of actual national income in 1963 is
obtained: 0.071 ($247 billion) + 0.929 ($500 billion) = $482 billion.
Performing this same calculation using as weights the proportions of
the population in each sector which existed in 1910 yields an estimate
of what the 1963 level of national income would have been had not human
resources been freed by productivity increases to move to more produc-
tive jobs: 0.347 ($247 billion) + 0.653 ($500 billion) = $411 billion.
Thus, national income in 1963 was $71 billion higher as a result of the
impacts of increased agricultural productivity realized since 1910.

Based upon similar lines of reasoning, the authors estimate that in
the early 1960's the changes stemming from greater farm productivity
increased national income by about $1 billion annually (see Table 1 of
the Tweeten and Hines article). If these yearly increments occur into
perpetuity, the present value of accumulated future benefits from each
annual increase in productivity is $20 billion when discounted at
five percent.

The 1ist of costs which Tweeten and Hines suggest are incurred to
realize this $20 billion annual return is quite extensive. Included are
the annual public costs of agricultural research, extension, and voca-
tional training; private investment in agricultural research and

development; the estimated annual expense for rural farm primary and
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secondary education; Federal outlays to support farm prices and control
or dispose of excess production; the cost of education in the nonfarm
sector that contributes to agricultural productivity; and other miscel-
laneous items. These annual costs sum to about $10 billion in 1963,
yielding a benefit-cost ratio of 2.0.

There are several problems inherent in this approach to estimating
the returns to agricultural education and research. First, the incre-
mental returns approach zero as the distribution of the population
between farm and nonagricultural sectors approaches equilibrium. That
is, if no migration from the farm sector to the nonagricultural sector
occurs between times t and t + 1, national income as calculated by this
technique does not increase. This is a consequence of the authors'
assumption that per capita incomes in the farm and nonagricultural
sectors are the same for both the base year and the current year.

The incremental returns also approach zero as the differential
between farm and nonagricultural per capita incomes approaches zero.
The larger this differential and the greater the rate of migration to
the nonagricultural sector, the greater the imputed returns to agricul-
tural education and research.

Finally, the assumption that per capita incomes in the two sectors
do not change over time is not entirely consistent with the basic idea
behind the approach; namely, that migration contributes to the growth
of national income. Presumably, both farm and nonagricultural per
capita incomes should be lower in the base year than in the current

year.
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Consumer Surplus Approach

The value of inputs saved approaches discussed above shed consid-
erable 1ight on the general relationship between the returns and the
costs of agricultural research. However, Griliches (22) in his study
of hybrid corn research brings somewhat more specificity to the problem
by computing a rate of return to research. The vehicle by which he
estimates the returns to research involves calculating the loss in
consumer surplus to society which would occur had hybrid corn seed
never been developed and adopted.

As depicted in Figure 2, the disappearance of a new technology
such as hybrid corn seed causes the supply curve of the affected
commodity to shift upward and/or to the left: from S to S'. This
shift results in a loss in consumer surplus equal to the total area
under the demand curve between the old and new supply curves. In
portion a.) of Figure 2 the supply curve is assumed to be perfectly
elastic and the resulting welfare loss is represented by the hatched
area P2 P‘2 P"] P1ﬂ

The reason for presenting two extreme assumptions about the elasti-
city of the sup91y curve is that, given prior knowledge about the demand
elasticity of the product in question, a perfectly elastic supply curve
yields a lower 1imit of the estimated returns while assuming a perfectly
inelastic supply results in an upper limit.

The formulas employed by Griliches to calculate the losses are,
for Figure 2a.) Loss 1 = kP]Q] (1 = 1/2 kn) and for b.) Loss 2 =
kP]Q] (1 +1/2 k/n), where k is the percentage change in yield brought

about by hybrid corn seed, P] and Q] are the original equilibrium price
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and quantity of corn produced respectively, and n is the absolute value

4 The formula for the lower

of the price elasticity of demand for corn.
1imit of the returns (Loss 1) has one important advantage over that
formula used in computing the upper limit; the former is much less
sensitive to changes in n than the latter when n is small. That is, a
small error in the estimated value of n results in a much greater error
in the estimated returns yielded by the Loss 2 formula than that error
yielded by the Loss 1 formula.

Having estimated the returns to hybrid corn research, Griliches
next concerns himself with calculation of a rate of return. There are
at least two different rates of return that can be computed: the
"external" rate of return and the "internal" rate of return.

The procedure for calculating an external rate of return makes use
of a rate of interest which, in the investigator's opinion, reflects
the opportunity cost of capital in the economy. This external rate of
interest is used to accumulate the flows of costs and returns to that
point in time at which development of the technology in question is
closed. The costs are then expressed as a capital sum. The returns
are accumulated to the same point in time and expressed as an annual
flow. To this annual flow of past returns is added an annual future
return which is assumed to equal the level of net returns (returns minus
costs) existing in the year in which development is closed. This flow
of future returns is assumed to continue into perpetuity. Division of

total annual returns by cumulated past costs yields the estimate of the

perpetual external rate of return.

4The formula in the original article is Loss 2 = kP1Q4 (1 +1/2 kn).
This error is corrected in a reprint of the article by Rosenberg (50).
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As an example of the calculation of an external rate of return,
consider Griliches's summary figures on hybrid corn research as shown
in Table III. Given that the opportunity cost of capital, r, equals
.05, the 743 percent external rate of return can be interpreted as
follows: the average dollar invested in hybrid corn research has
returned 5 percent annually to society from the date of investment to
1955 and from 1955 into perpetuity it pays off at the rate of 743
percent per year. If the rate of discount were higher, say 10 percent,
the annual past return of each dollar invested would be higher but the
annual future return would be lower.

Griliches goes on to point out that this external rate of return
is not really different from a benefit-cost ratio (B/C). The external
rate of return can be defined as follows:

k

100 (PR - r + AFR)/RC
where
k = external rate of return,

PR

i

cumulated past returns,
r = the rate of interest used to cumulate or discount
returns,

AFR

annual future returns,
RC = cumulated research costs.
The relationship for a benefit-cost ratio (B/C) can be written as
B/C = (PR + AFR/r)/RC. Therefore, k = 100r (B/C). A benefit-cost
ratio of about 149 means that the average dollar spent on hybrid corn
research yields a perpetual external rate of return of 743 percent if
r = .05,

The internal rate of return is somewhat different concept from
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TABLE III

EXTERNAL RATE OF RETURN ON HYBRID CORN RESEARCH
EXPENDITURES AS OF 1955 (MILLIONS OF DOLLARS)

r = .05 r=.10
1. Cumulated past returns . . . . . . . . $4,405 $6,542
2. Past returns as an annual flow . . . . § 220 $ 654
3. Annual future returns . . . . . . . .. . $ 248 $ 248
4. Total annual returns (2 +3) . . . . . $ 468 $ 902
5. Cumulated past costs . . . . . . . .. $ 63 $ 131
6. External rate of return (100 x 4/5). . 743% 689%

Source: Zvi Griliches (22, p. 426).
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either the external rate of return or the B/C ratio. The procedure
used to calculate an internal rate of return does not make use of an
interest rate determined by some opportunity cost notion. Rather, the
internal rate of return is defined as that rate of interest which will
equate the accumulated present value of the flow of costs with the
discounted present value of the flow of returns at a point in time. It
can be calculated through an iterative process as that value of R which
forces the following condition to hold:
n

Lo /R =0 (2.1)
where Ft if the net return in year t.

The internal rate of return in the Griliches hybrid corn study is
between 35 and 40 percent. This can be interpreted as meaning that on
the average each dollar invested in research on hybrid corn returns
about 37 percent annually into perpetuity from the time it was invested.
Even though the two methods of calculating a rate of return yield signi-
ficantly different answers, it should be kept in mind that they are
really explaining the same thing. The important point to be made is

that one must recognize which rate of return is being put forth.

Production Function Approach

Both the value of inputs saved approach and the consumer surplus
approach as discussed above result in estimates of average returns to
past investment in agricultural research. Decisions to invest in
research, however, are made at the margin. It would therefore be
desirable to have knowledge of the marginal rate of return to additional

investment. As explained below, the production function approach is one
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method to obtain estimates of the marginal return to agricultural
research.

Yet another advantage of the production function approach is that,
through various distributed lag techniques, one can come to grips with
the lag between the time an investment in research is made and the time
this investment actually results in increased output. This is a
problem of timing which the other approaches do not consider. A
detailed consideration of the problem and its implications is taken up
in Chapter III. For the purposes of the present discussion, it is
sufficient to be aware that the lag exists and that it should be taken
into account when estimating the returns to agricultural research.

One of the very early efforts to introduce research and extension
expenditures directly into an aggregate agricultural production function
was made by Griliches (23). In this specification of the production
function, education is also included as an explanatory variable. Both
these variables were found to have a significant impact on the level of
agricultural output.

Griliches's measure of the variable which reflects the contribution
of public expeﬁditures on agricultural research and extension is the
sum of the expenditures of the state agricultural experiment stations
and the extension services. To allow for a lag in the effect of the
expenditures, the author constructs the observations 6n this variable
by averaging the flow of expenditures in the previous year and the level
Six years previously. For example, the average of 1958 and 1953
expenditures is used as the observation for 1959. While this measure
is admittedly crude and largely based on intuition, it is at least a

step in the right direction.



29

The Griliches study, which fits a Cobb-Douglas production function
to cross-section data for 1949, 1954, and 1959, finds that the marginal
product of public research and extension is about $13. To allow for
the effect of private expenditures, Griliches assumes that private
investment is roughly equal to public investment and divides the mar-
ginal product in half, thereby obtaining an adjusted marginal product
of $6.50. Assuming a six-year lag between the expenditure and the
beginning of a return, Peterson (48, p. 152) converts this estimate to
an internal rate of return. He finds that if the return is assumed to
continue into perpetuity, the internal rate of return is about 53
percent. It is about 36 percent if the return is fully realized in
the sixth year. |

Using a slightly different approach, Evenson (17) fits a Tinear
regression model to time series data for the 1935-1963 pekiod. A
productivity index is employed as the dependent variable and the model
explains its behavior by current values of public research and extension
expenditures, weather, and an index of educational attainment.

Evenson finds that the marginal product of research and extension is
about $10.80, the equivalent of about a 57 percent marginal internal
rate of return. Adjusting the coefficient for private research reduces
this rate of return to 48 percent.

The attribute that makes the Evenson study of particular interest,
however, is the manner in which this increase is distributed through
time. Evenson hypothesizes that the returns to research are distributed
over time in such a way that the flow of returns resembles an inverted
V; first increasing as the technology is adopted by more and more

farmers, reaching a maximum, and then declining as the knowledge
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depreciates. To support this theory (which will be more fully
developed in Chapter III), the author imposes weights on the research
and extension expenditure data which are constrained to obey the
inverted V time form. Given that the flow of returns is forced to
substantiate the time form implied by the theory, alternative lengths
(n) of the lag are tried in an iterative fashion to estimate the para-
meter n/2, the mean length of lag. The maximum R2 criterion is then
used to determine the "best" estimate of n/2. The study concludes that
the mean lag for state supported research is about five and one-half
years and eight and one-half years for federally supported research.
Evenson's theoretical analysis of the time form of the con-
tribution of research and extension expenditures to agricultural pro-
ductivity represents a great step forward. However, his empirical
estimation of the lag leaves room for improvement. In Evenson's words
(17), ". . . the inverted V approach is inelegant and difficult to treat
statistically" (p. 34) . By its use, one is in effect put in the
position of 1limiting the set of possible lags from which the "best"
lag is to be selected to only those which substantiate the theory. It
would be preferable to let the data determine the form of the lag.
Allen and Howitt (2) employ in a recent paper a more flexible lag
technique to estimate the returns to research for California agricul-
ture over the 1949-1969 period conditional on a normalized extension
expenditure. In their model, output in the current period is specified
as a logarithmic function of labor and capital in the current period,
a given level of extension expenditures, and lagged values of research
expenditures. The research and extension expenditures are those made

by the California Agricultural Experiment Station and Cooperative
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Extension Service through which University of California agricultural
research and extension is performed. Allen and Howitt do not include
the contributions of USDA research, private research and development,
weather, and education in the model.

A composite lag consisting of a polynomial lag and an exponential
decay term is used by the authors to estimate the impact of research on
agricultural output in California. Use of the exponential tail requires
them to adopt a search technique for the decay term, however the
technique is considerably more flexible than the inverted V technique
in which all weights are prespecified. The empirical time forms yielded
by the Allen and Howitt model are not entirely consistent with the
form which available theory indicates should occur. This difference is

not explained in the paper.
General Evaluation of Selected Previous Works

The results presented in the above section represent a process of
continual refinement in both techniques and data as well as theory.
These refinements have led to the point where it is now possible to
suggest that further studies on the nature of agricultural productivity
should incorporate the following features: first, estimates of marginal
returns should be made; second, allowance for the contribution of
education and‘weather as well as research and extension should be made;
third, techniques which allow the impacts of research and extension to
be distributed over time in some flexible manner should be employed;
and finally, the research and extension variable should be defined in

such a way that production-oriented expenditures and nonproduction-

oriented expenditures are kept distinct and an adjustment for private



sector activities can be made. An attempt is made to capture all of
these features in the empirical model adopted in the present study.

The theory underlying this model is developed in Chapter III,

32



CHAPTER III
A THEORETICAL FRAMEWORK

The purpose of this chapter is to develop a theoretical model for
explaining the behavior of aggregate agricultural productivity over

time.

Productivity and the Aggregate Agricultural

Production Function

To define explicitly the relationship between agricultural pro-
ductivity and the aggregate agricultural production function, recall
the conceptual framework developed in Chapter II and once again assume
production in the agricultural sector can be described by the following
Cobb-Douglas production function:

V, = A LS Kﬁ ) (3.1)

As explained in Chapter I, productivity is a comparison of the
output of a production process to one or more of its inputs. The ratio
of output to a single input is called the partial productivity of that
input. Since measures of partial productivity do not consider the level
of use of other inputs and the possibility of factor substitution, they
are not particularly good measures of the overall efficiency of the
production process. A preferable measure of overall efficiency is one
that compares output with the combined use of all inputs, i.e., total

factor productivity. For the production function described by Equation

33
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(1), total factor productivity (y) is given by

vt
yt - L(l KB B At. (3.2)
t 't

Usually, the major difficulty in computing total factor productiv-
ity lies in constructing an aggregate input to serve as a divisor.]
This difficulty has two sources. First, unlike quantities - hours of
work, number of tractors, etc. - must be combined. Second, within a
given class of inputs, e.g., labor, there are normally several grades of
quality represented.

To overcome the problem of combining unlike quantities, the conven-
tional inputs - L and K in the equations above - are normally converted
to their monetary values, as is V. This procedure would be perfectly
acceptable if input prices accurately reflected the contributions of
each class of inputs. However, in estimating aggregate production
functions, more often than not it is necessary to ignore certain
quality differences within a given class of inputs. This in turn can
give rise to changes in output per unit of time that cannot be accounted
for by changes in the levels of inputs per unit of time. For instance,
suppose the labor input in Equation (3.2) is measured as hours worked
and then converted to a monetary value by means of an "“average" wage
rate, i.e., a wage rate reflecting the wage per hour for each skill

level category weighted by the number of workers in each category. In

practice, it is not economically feasible to identify each and every

]A parallel problem exists on the output side. However, quality
changes in agricultural output have not been nearly as significant as
those which have occurred on the input side over the period in
question.
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skill level category and its corresponding wage rate. Therefore, some
changes in the proportion of workers in each skill level category will
not be detected. If these changes result in an upgrading of the overall
skill level of labor, the average wate rate will fail to reflect this
and cause the illusion of an increase in output with no corresponding
increase in inputs. Such unexplained changes in output - which are
caused by ignoring quality differences that are not reflected in input
prices - are called technical changes. They are captured by the At term

of Equation (3.2), along with changes in ceteris paribus variables such

as weather.
Having defined total factor productivity, it is a short step to
defining a productivity index in terms of the aggregate agricultural

production function. In the base period (t = 0), Equation (3.2) reduces

to
Vo
Yo = 5% 5 = Ao' (3.3)
L™ K
I}

R
Yy = A,. (3.4)

By definition, the value of an aggregate productivity index (P) at a
particular time, say t, is given by the ratio of total factor productiv-
ity in the current period to total factor productivity in the base
period:

.y

I

0 0

P =

¢ (3.5)

11 ]
o

<

It follows from Equation (3.5) that the rate of change of productivity
per unit of time is equal to At/At. That is,
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In Pt = 1In At - In A0

and
danp,) e
'——at—— = dt = __t_. (3.6)
A A
t t

2 ¢ d(1n Pt)

dt
Thus, as was the case with the rate of change of output, an explanation

A Tinear approximation in discrete time is In P, - 1n P, _,.
of the behavior of productivity in agriculture comes to an examination
of the determinants of At/At. This task is addressed in the next
section.

Sources of Productivity Change in Agriculture

Sources of Technological Change

Evenson (17, pp. 12-16) identifies and discusses several sources of

improvements in the quality of inputs used in agriculture. In the

d(in Pt)

2A linear approximation of in discrete time is 1In Pt -

dt
in Pt—]' That this is the case can be seen by considering the function
Pt = Poert. Taking the log of this function and differentiating with

respect to time yields:
In P, = 1n P0 +rtIne=1n P0 + rt (PO constant)

t
dInP
too+d -
It =0+ gprt =r.
: X ) _ rt _ r(t-1)
In discrete time, if P, = P e"~, then P, _, = P e

It follows that
n Pt = 1n P0 + rt

and

n Pt—] = 1n P0 + r(t-1).
Taking first differences yields

InP.-1InP,_y=1nP +rt-(InP +r(t-1))
or InP. - In Py 4 = r, the same result obtained by

differentiating the original function with respect to time.
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context of the present study, such improvements can be thought of as
resulting in technical change if they are adopted by some or all of the
potential users.

First, the quality of an input used by a farmer will increase if
there is an increase in the quantity of resources used to produce the
input. For instance, a combine large enough to harvest twice as much
wheat in one pass as a smaller combine can be considered to be of
superior quality to the former. To the extent that prices of inputs
purchased by farmers reflect the resource costs of producing those
inputs, this source of input quality change will be captured by the
conventional method of measuring inputs referred to in the previous
section.

Another source of improvements in the quality of inputs directly
used by farmers is an increase in the quality of resources used to
produce those inputs. An improved method of producing nitrogen fertil-
izer which results in decreased cost per unit to the farmer with no
change in the physical characteristics of the fertilizer has the same
effect as an increase in the quality of the fertilizer itself, given
normal methods of measuring inputs. In this study, changes in the
quality of resources used to produce agricultural inputs will not be
kept distinct from changes in the quality of inputs directly used in
agricultural production.

According to Evenson (17, p. 12) research effort undertaken by
private firms will eventually show up as quality changes in inputs.
(Expenditures for research effort of this type have been labeled
production-oriented research expenditures in the present study.) These

quality changes are partially captured by conventional measures of
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inputs in that the private firm can command a higher price for its
superior input for some length of time. The length of this time period
depends upon the speed with which competing firms react in the face of
legal (e.g., patents), technological, and economic constraints.

Quality changes emitted by this source are not fully captured by
increased prices simply because if the firm were to pass along the full
value of the improved input, the farmer would no longer have any
economic incentive to adopt the new technology. Also, it is quite
1ikely that the improved input developed by the private firm is the end
product of both private research and basic research conducted by the
public sector. If this is the case, part of the pay-off to the research
activity could include some return to public research.

A third source of quality change in inputs is production-oriented
research effort undertaken by public institutions. A role for the
public sector in agricultural research is not difficult to justify. By
the orthodox definition, a public good or service is in varying degrees
equally available to all members of the community. This jointness
and nonexcludability on the production side gives rise to spiliovers
or externalities which in turn imply efficiency reasons for publicly
managed supply. In agriculture, many of the important technological
changes are typified by plant varietal and other biological changes
which can be easily reproduced or techniques which can be easily
copied and marketed by other firms (17, p. 1). This ease of reproduci-
bility does not allow a sufficiently high return to research by small
farm firms or their suppliers to encourage the socially optimal amount
of inventive activity. Perhaps this can be most clearly seen in the

case of public research of an economic nature aimed at improving
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cultural practices. In short, there exists a divergence between the
private benefits of much agricultural research and the social benefits
of that research. In the absence of public sector activity, technology
in agriculture would be underproduced.

If the fruits of public research are incorporated by a private firm
in some patentable input improvement, an increase in the price of the
input will occur. This price increase will be picked up by the conven-
tional method of measuring the input and therefore at least part of the
quality improvement will be captured in the calculation of the produc-
tivity index. If, however, competition among suppliers of inputs
directly used by farmers brings about the embodiment of public sector
findings which are not patentable, no increase in input prices will
occur and the quality improvement will be Tost to the conventional
method of input estimation.

Public and private extension activities also have the effect of
improving the quality of inputs. This effect can be realized in either
one of two ways. If the information imparted by the extension activity
is input-specific, the effect will be to increase the rate of adoption
of the improved input or improve the efficiency with which the new
input is combined with other inputs. If, on the other hand, the
information imparted is not input-specific but rather involves an
improvement in the efficiency with which existing inputs are combined,
the extension activity can be thought of as increasing the quality of
the flow of labor and management, i.e., the human capital input.

If private firms behave as profit maximizers, the costs of
extension activity related to the sales and services of their products

will be reflected in the pricesof these purchased inputs. Thus, the
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conventional method of measuring inputs will capture this activity. The
same cannot be said for public extension efforts since they are not
likely to affect input prices (17, p. 16).

According to Evenson (17, p. 18), the work to date by economists
such as Schultz (54) in the field of human capital lends support for
including the effects of education as a source of quality change in
inputs used in agriculture. The level of educational attainment of
farmers has an important impact on their ability to assimilate informa-
tion into the decision-making process and translate this information
into gains in efficiency. Therefore, an index of educational attainment
such as that used by Griliches (24) should be included in the framework
to control for the contribution of formal education to the quality of
the labor and management input.

There is one final source of quality change in inputs identified
by Evenson (17, p. 16) which, over a very long period of time, could
become important. This source is an aglomeration of several factors
which indirectly determine the present level of input qualities and
includes such factors as general communication and transportation. Over
the time period considered in this study, the contribution of this

source to agricultural productivity is assumed constant.

Summary of Sources of Technological Change

Before proceeding with the discussion of sources of productivity
change, it is appropriate at this point to stop and take stock of
those activities which bring about technical change in agriculture.
They 1include:

1. Technical change brought about by changes in resources used
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to produce direct inputs into the agricultural production
process.

2. Technical change brought about by production-oriented private
research activities.

3. Technical change brought about by production-oriented public
research activities.

4. Technical change brought about by production-oriented private
extension activities.

5. Technical change brought about by production-oriented public
extension activities.

6. Technical change brought about by changes in the level of
educational attainment of farmers.

7. Technical change brought about by long-run improvements in
transportation, communication, and other factors which
indirectly influence the quality of agricultural inputs.

A primary concern of this study is to measure the contributions
to agricultural productivity of those sources whose effects are not
captured by the conventional method of measuring agricultural inputs.
From the above discussion of the list of sources set forth by Evenson,
it would appear that technical change brought about by changes in
resources used to produce direct inputs into the agricultural production
process and those brought about by private extension activities are
reasonably well captured by changing input prices. Technical change
that is the result of public extension activity and changes in the
level of educational attainment of farmers are not captured and there-
fore are determinants of the rate of growth of productivity change

(At/At in Equation (3.5)). Indirect determinants of the quality of
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inputs that are not 1ikely to significantly affect productivity over
the time horizon of this study are assumed constant.

Public and private production-oriented research activities cannot
be so neatly characterized. As pointed out above, there is a possibility
that the affect of some public research may be partially reflected in
input prices. This would be the case if a private firm succeeded in
combining the fruits of that research with its own findings to produce
a patentable product. Given the biological and fundamental nature of
much public research, however, the extent to which conventional measures
actually capture the effects of production-oriented public research is
likely to be quite small. The contributions of private sector research
activities are somewhat more readily reflected by input prices, although
it is not precisely known to what degree. The only conclusion that can
be drawn with some certainty is that the full value of private research

findings will not be fully reflected by input prices.

Other Sources of Productivity Change

In Chapter I a distinction was drawn between productivity change
that occurs as the result of technical change and productivity change
that is the result of an alteration of the physical and/or economic
environment in which agricultural production takes place. The sources
of productivity change discussed thus far all belong in the category
of technical change in the sense that input quality improvements are
tangible results of improvements in the body of knowledge regarding the
industrial arts in agriculture. Attention will now be directed to those
sources of productivity change that do not alter the state of the arts

but that nevertheless have an impact on the efficiency of production.
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Certainly one primary determinant of the environment in which
production takes place is weather. As early as 1914, Smith (57)
reported in a statistical study that rainfall was a critical factor in
corn yields in Ohio. Thompson (61), in 1966, performed a multiple
regression analysis of corn and soybean yields and weather variables
and concluded that recent high yields per acre (a measure of partial
productivity) "have resulted primarily from the direct effects of
favorable weather on plant growth..." (p. 80).

“Normal" weather is rarely experienced. The usual experience is
some deviation from the normal. The weather variables of greatest
significance in agriculture are precipitation and temperature;
variables which are subject to wide fluctuations and which occur to a
great extent in a random fashion (46).

Not only does weather directly affect productivity in agriculture
in a physical sense, it is also probable that weather variability has
an impact on the rate of adoption of new technologies. That is, it may
be hypothesized that a farmer producing in a geographic area that is
subject to a relatively high degree of randomness in precipitation and
temperature would be expected to fully employ a new technique more
cautiously than a farmer operating with stable weather conditions since
the latter can more readily assign costs and benefits to the new
technique. (This hypothesis will be tested in Chapter V.)

A second group of activities that affects agricultural productivity
through the environment in which production takes place is somewhat akin
to transportation and communication improvements that bring about
technical change over the very long run. Like the latter, this second

group is important in indirectly determining the level of productivity
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at a given time, but its affect on productivity changes in the short-run
is not likely to be significant. This group has been labeled
nonproduction-oriented research and extension expenditures in the
present study. It includes the following types of activities:

1. Utilization research and development aimed at expanding the
demand for farm products.

2. Nutrition and consumer use research aimed at determining
nutrient requirements and how foods can best supply these
requirements.

3. Marketing research that seeks to reduce costs and maintain
product quality in moving products from farm to consumer:

4. Plant and animal disease and pest control programs designed
to keep out of this country, by means of inspection at ports

of entry, harmful diseases and pests.3

5. Extension activities related to items such as child development,
community development, health, food preparation and selection,
home furnishings, and marketing and utilization of farm output.

Based on the above observations, it is hypothesized that the

observed productivity change in U. S. agriculture depends upon
production-oriented research and extension, the level of educational
attainment of farmers, weather, and nonproduction-oriented research and

extension. As explained in Chapter II, this 1ist is not meant to be

complete. Unquestionably, there are many other factors which influence

3It should be made cliear that investigations conducted to improve
methods to control plant and animal diseases and pests and to develop
safe chemical, biological, and other methods for control of harmful
pests are included under production-oriented research and extension
expenditures.
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productivity. It would be appropriate at this time to mention a few of

the most important of these "left-out" variables.

Omitted Variables

Several recent studies have suggested that one determinant of pro-
ductivity change is demand. Quinn (49) goes so far as to state that
"... clearly perceived demand...tends to be the primary force stimulat-
ing technological change" (p. 91). During much of the period under
consideration in this study, one of the major problems confronting the
agricultural sector was excess supply of aggregate farm output at
market prices. For this reason, productivity change over the period
that occurred as a result of demand forces is not likely to have been
significant. Almost without question, this will not continue to be the
case in the future.

If excess demand was not a significant determinant of agricultural
productivity over the relevant period, it is fair to ask if excess
supply in some way had an impact. It is entirely possible that it did.
Without considerations of efficiency, the U. S. has had for more than
thirty years a policy of protecting farmers from falling prices, what-
ever the cause of the price decline. This policy has in turn dampened
one of the elements of risk facing farmers; that is, it has tended to
stabilize the prices received by farmers for their output at a higher
level than would otherwise have been the case. The economic rewards
expected by farmers who adopted new technologies and thereby increased
their production were therefore greater than they would have been in

the absence of this policy. In short, it would appear that public

sector reaction to the situation of excess supply could have speeded the
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adoption of new technology over the period under consideration. Also,
farm programs aimed at controlling production through acreage restric-
tions may have had the effect of bringing about the retirement of
marginal land from cultivation. This would tend to make aggregate
yield per acre higher than if all arable land were employed.

Evenson (17, pp. 20-23) 1lists several other factors which might
contribute to the unexplained residual productivity change in most
empirical studies. Briefly, the 1list includes output change unexplained
by input changes due to realized economies of sca]e,4 disequilibrium in
the factor markets, capital measurement problems, and capitalization of
research-induced and extension-induced output change into the value of
fixed inputs as a "rent".

This concludes the discussion of sources of productivity change in
U. S. agriculture. In the following section, time is explicitly intro-
duced into the framework; particular emphasis is placed upon the time
lags associated with production-oriented research and extension

activities.
Time and the Sources of Productivity Change

Based upon the observations of the preceeding section, it is

4According to Evenson (17),

. . the existence of measured economies of scale implies
a disequilibrium with respect to firm size. This dis-
equilibrium is Tikely to have been generated in the first
place by changes in input qualities.

From the point of view of the contribution of research
and extension, these realized scale economies result from
research-and-extension-induced quality changes in the
conventional inputs. (p. 21)
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hypothesized that the behavior of the agricultural productivity index,
P, can be described by the following general function:

P=f(R, E, W, 0) (3.7)
where:

R represents production-oriented research and extension

expenditures,

E represents the level of educational attainment of farmers,

W represents the effect of weather,

0 represents nonproduction-oriented research and extension

expenditures.

In order to proceed to an actual estimation procedure, it is
necessary to introduce time into the theoretical framework. With
regard to the E and W variables, this does not present a problem.
Weather in the current time period, t, affects productivity in the same
time period. Also, the level of formal education of farmers in time t
determines their ability to assimilate and utilize information in the
decision-making processes of period t. Therefore, productivity in the
current period is in part determined by educational attainment in the
same time period.

The timing of the effect of the 0 variable is not as obvious. As
explained above, the activities comprising the nonproduction-oriented
research and extension variable probably have a good deal to do with
the level of productivity in the long run, but are not likely to
significantly influence efficiency over the short run. In other words,
if these activities suddenly ceased to be undertaken, it is doubtful

that the level of productivity would be immediately and strongly
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impactedo5 Rather, other things equal, one would expect to see a some-
what gradual deterioration of efficiency over an extended period of
time. Given this line of reasoning and the fact that the purpose of
the study is to explain variations in productivity, nonproduction-
oriented research and extension activities enter the theoretical frame-
work contemporaneously as a "bouyancy" factor, i.e., a factor whose
influence assists in sustaining the level of agricultural productivity
over the long run rather than bringing about period-to-period changes
in efficiency.

The final determinant of productivity to be considered is
production-oriented research and extension activities, R. There are
two important questions which must be answered with regard to the R
variable: first, what is the expected time form of the contribution of
R to productivity and second, how should observations on R be con-
structed? These two questions can be answered using Figure 3.

Consider a single production-oriented research activity initiated
in time t. According to Griliches (21, p. 20) and Evenson (17, p. 25),
this research activity will not immediately bear fruit in terms of
improvements in the techniques of agricultural production. There is
a time lag between the initiation of the research activity and its
ensuing impact on productivity. As shown in Figure 3, from time t to

time t + m research is being conducted, but no new technology is yet

51t can be argued that the sudden absence of animal and plant
disease and pest control activities would cause productivity to decline
in relatively short order. This could quite 1ikely be the case if one's
major concern was with a specific crop or animal. However, since the
present study is concerned with aggregate agricultural output, the
effect of a decline in productivity for any given product would be
dampened in the aggregation process.
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forthcoming from this research. In Marschak's (45) terminology, this
is the "inquiry" or "“"data gathering" phase of the decision relevant
approach to information value. The period t to t + m is normally
composed of two lags: the lag between the time funds are invested in
research and the time inventions actually begin to appear, and the lag
between the invention of an idea or device and its development into a
commercially applicable stage (21, p. 20). At time t + m, the research
is effectively completed and its end product is an "extendable" techni-
que. At this time, the extension of this new knowledge begins and
decisions upon actions on the basis of messages received are made at
the farm level (45, p. 2). As the new technology is adopted by farmers,
technical change occurs and the contribution of R to productivity
increases. The contribution to productivity will continue to increase
as a result of the new technology as more and more farmers adopt it,
and as early adopters extend their use of the effected inputs and gain
experience in its application (time t + m to t + m + n). At some point
t + m + n, the contribution of this past research and extension will
reach a maximum, Po’ Then the value of the information will depreciate,
according to Evenson (17, p. 25) and Allen and Howitt (2, p. 5), for
any one of several reasons. First, it may become irrelevant. For
example, the technology used in producing mule harnesses is still
available; however, it no longer has any significant relevance to
agricultural productivity. Second, the information may become obsolete
as old inputs are replaced by superior or improved inputs. Third, the
value of the technology may depreciate after some point in time due to
biological decay. An example of this is the case of insects building

up resistance to certain insecticides over time. Finally, changes in
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the prices of other inputs may make the information economically
obsolete. These types of phenomena are represented by the downward
sloping portion of the curve in Figure 3. The form of the total lag
between production-oriented research and extension activities and its
contribution to agricultural productivity is given by the convo]ution6
of. these individual lags (21, p. 20).

The above points give some indication of how observations on the
R variable should be constructed. Production-oriented research and
extension are complementary inputs into the production of technical
change. Without extension activity, the information generated by
research will not be communicated to potential adopters and, as a result,
productivity will not be affected. On the other hand, extension
activity is only beneficial if there are research results to be trans-
mitted. According to Marschak (45) the selection of an optimal combin-
ation of the inquiry (research) service and the communication {(extension)
service requires that these services be chosen simultaneously; "just as
a manufacturer cannot choose between rail and road as a means of bringing
him fuel without making up his mind, at the same time, whether the fuel
should be coal or oil" (p. 2). Therefore, production-oriented research
and extension should theoretically be combined. But these two activi-
ties are somewhat unique complements since they do not enter into the
production of technical change at the same time. As shown in Figure 3,
extension activities lag research by the length of the inquiry lag, m.
This imples that an observation on R (a "dose" of production-oriented

research and extension activity) can be written as

6The term convolution refers to the combination of two or more
distributed lag functions into one.
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Rt = (Research Activity)t + (Extension Activity) (3.8)

t+m

With these thoughts in mind, the total contribution to productivity
of all relevant research can be examined by rewritting Equation (3.7) as

P = f[g(L) R, E, W, 0] (3.9)

where:

g(L)R is the convoluted distributed lag function of a dose of

of production-oriented research and extension activities,

and all other variables are defined as before and assumed constant.

In considering the overall effects of a stream of production-
oriented research and extension activities on the productivity of U. S.
agriculture, the process can be viewed as one of continuous, relatively
small improvements in the quality of inputs. If a snapshot were taken
of this stream of contributions, it would be found that a given invest-
ment in research and extension affects productivity over time in a
manner such as shown in Figure 3. To measure the total contribution at
a given point in time of all relevant production-oriented research and
extension, it becomes necessary to expand the analysis to include many
periodic injections of R; this is depicted in Figure 4 (the inquiry
phase has been eliminated from the diagram to simplify the ana]ysis)°7

As shown, the effects of each periodic dose of R on productivity
are assumed to be distributed over six periods. It is further assumed
that a dose of R in any period is equally productive per unit of
expenditure on research and extension. Thus, the varying heights and

shapes of the curves imply different investment outlays.

7The remainder of this chapter benefits in part from an analysis
by P. G. Allen and R. E. Howitt (2, pp. 2-6).
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Define the rate of technological change per dollar of expenditure
resulting from a dose of R as b, a constant for all time periods. Then,
from Equations (3.6) and (3.9), the contribution of the dose of R
injected in time t to the rate of productivity change from time t + 5
tot + 6 is given by

In P = bR, I (3.10)

g+6 = 1" Prag = PRy Ty
where I is the proportion of total agricultural output actually affected
by the new technology generated in time t. This quantity is directly
related to the relevance to users in time t + 6 of the information from
the dose of R in time t. In terms of Figure 4, the contribution of Rt
to productivity in time t + 6 is zero since the information generated
' by Rt is depicted as having no value to users in time t + 6.
Consider next the contribution of a dose of R injected in time

t + 1 to the same time interval. The effect of this production-oriented
research and extension activity is

In P = bR

i (3.11)

t+6 - " Pras t+1 1
where T is defined as above and the subscript 1 refers to activity
undertaken in time t + 1. This contribution is shown as Oa in Figure
4.

Proceeding in this manner, it becomes apparent that the total
contribution of all relevant production-oriented research and extension
activity to the rate of growth of productivity is

K
t+6 = 1" Peas = 2o PReai T (3.12)

In P
where k is the length of the relevant period to users of the information.
In other words, the total contribution to productivity at any given time

t + o is the cumulative effect of investments in R made in times t,
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t+1,..., t + o3 that is,

In P o .. (3.13)

tto

For instance, at time t + 6 in Figure 4, the contribution to pro-
ductivity, OP*, is composed of the vertically summed contributions to
productivity of doses of R made in times t(zero), t + 1 (0a), t + 2 (Ob),
t+3(0c), t+ 4 (0d), t +5 (0e), and time t + 6 (zero).

The increase in the rate of growth of productivity brought about
by a one dollar additional expenditure on R in time t + o is determined
at the margin as

3(In Pt+c -InP

tho-1) = br_. (3.14)
Repo |

Recalling Figure 4, if the individual effects which comprise OP*
are plotted against time as in Figure 5, an estimate of the time form
for a particular injection of R over the relevant periods of use is
obtained. If it is assumed that the periodic doses of production-
oriented research and extension activity are constant and therefore
have identical distributed effects on productivity, then the estimated
curve shown in Figure 5 will exactly reflect each of the individual
time forms of Figure 4. Using this assumption and Equation (3.13), the
discounted value, PV, (in terms of increases in the rate of growth of
productivity) of a dose of R initiated in time t can be expressed as
1

o PR o (1)K

oy (3.15)

i

il ™M x

where r is the social discount rate and R is the constant dose of
production-oriented research and extension activity.

Much of the remainder of this study is concerned with empirical
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estimation of the time form for a particular dose of R over the relevant
periods of use and its discounted value. In Chapter IV, the estimation

techniques to be employed are discussed.



CHAPTER IV
AN EMPIRICAL FRAMEWORK

In Chapter III, a theoretical model of the sources of productivity
change in agriculture was developed. These sources were examined with
an eye toward explaining the nature of their impacts on productivity and
the timing of those impacts. The purpose of the present chapter is to
explain the techniques employed to confront the theoretical model with
data in order to measure the contributions of the sources to productivity

change.
The Productivity Change Model

Based on the observations of Chapter III, the productivity change
model is specified as

n 8. B 8 Boia W
- i ntl “nt2 _"nt3 "t
Py iEO Ri_i 04 Ey e .

(4.1)
A detailed description of each time series variable is reserved for the
Appendix. They can be briefly described as follows:
P, is the value of the official USDA aggregate productivity
index for agriculture in time t,
R, . s a distributed lag function of public sector production-
oriented research and extension expenditures in the current

period and n preceding periods,

0t is public sector nonproduction-oriented research and extension

58
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expenditures in the current time period,
E, 1is the value in the current period of an index of educational
attainment of farmers and farm laborers,

wt is the value in the current period of a weather index.

The research and extension variables were deflated and expressed
in constant 1958 dollars in order to reflect real changes in the
variables over time. Since researcher salaries are the major item in
the research bill, that portion of total expenditures spent on scienti-
fic personnel was deflated by an index of average salaries of college
and university teachers. The residual portion was deflated by the impli-

cit price deflator for government purchases of goods and services.

Construction of Observations on R

It was pointed out in the preceeding chapter that even though
production-oriented extension activity lags research activity, they
should theoretically be combined when measuring their effect on
productivity in a manner such as Equation (4.2).

(4.2)

R, = (Research Activity), + (Extension Activity)

t t t+m
The best available data for measuring the contribution of public
sector production-oriented research and extension activity are expendi-
tures on those activities. It must now be determined how public sector
expenditures on these activities are related in time to the actual
undertaking of the activities. One possible assumption employed at
various times by Griliches (23) and Evenson (17) is that the public
sector officials charged with determining the level of expenditures in

any given year are aware of the lag between research activity and
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extension activity and build it into their decision-making process.
In other words, the assumption is that
(4.3)

R, = (Research Expenditures), + (Extension Expenditures)

t t t’
The appropriateness of this assumption can be questioned.

As explained in Chapter III, there are, according to Marschak (45),
three successive 1links in the sequence of "symbol-manipulating"
services: 1inquiry, or data gathering; communication of messages; and
deciding upon actions on the basis of messages received. In terms of
the problem at hand, the inquiry service can be thought of as being
carried out by those public sector agencies performing production-
oriented agricultural research. The communication of messages is
undertaken by public sector agencies performing production-oriented
agricultural extension activities. Finally, decisions for action are
made by the farmers themselves.

Before the farmer can make a decision on the basis of messages
received, however, a higher-order decision must have been made. "“Someone
representing the interests of the economic unit considered . . . must
have chosen a particular combination of these three services . . ." (45,
p. 2). The maker of this higher-order decision -- the "meta-decider" --
is in the case at hand, that public institution charged with determining
how funds will be appropriated among research, extension, and all other
public sector activities. It will not harm the analysis to assume that
executive apportionment reflects Congressional appropriations; Congress
can then be viewed as filling the role of the meta-decider. In order
for the combination of production-oriented research and extension

services to be optimal and efficient in an economic sense, Congress must

choose these components simultaneously. Ideally, then, Congress would
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have full information about the length of the lag between each research
expenditure and the ensuing extension expenditure (the inquiry lag) and
act according to the assumption embodied in Equation (4.3).

However, economic considerations are not always dominant in the
budgetary process; instead, according to Singer (56) "the budget is a
political document that may be influenced by economic analysis" (p. 194).
In the absence of full information and faced with very real time con-
straints, participants in the budgetary process rely on strategies,
rules-of-thumb, and past experience at least as much as upon economic
considerations. Once a program is approved as part of an agency's
base, continued funding is nearly automatic. "Congressional attention
is focused at the budget margin, on new programs and on those that are
being expanded greatly or that are changing in character" (56, p. 200).
Singer (28, p. 201) estimates that some 90 percent of an agency's
appropriations escapes scrutiny.

What conclusions can be drawn from an attempt to reconcile
Marschak's explanation of the optimal situation and the realities of
the budgetary process? Clearly, the optimal situation is not attained.
Rather, it is quite Tikely that Congress does not attempt to identify
the lag between research activity and extension activity in the prepon-
derance of cases. Congressional determination of the level of
extension expenditures in any given year does not presuppose considera-
tion of or even knowledge of the level of research activity in some
earlier year. It does not seem unreasonable to conclude that Marschak's
meta-decider in this instance fails to recognize the jointness of demand
for the symbol-manipulating services. The assumption that economic

considerations of the length of the lag between production-oriented
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research and extension activities are built into public sector expendi-
tures on these activities in any given year must be considered tenuous
at best.

It can therefore be argued that extension expenditures lag research
expenditures just as extension activities lag research activities. The
problem is that the length of this lag is unknown unless one is dealing
with a specific research activity. However, instead of thinking in
terms of an expenditure on a specific research activity and the time
form of its 1ife, consider that total public sector expenditures on
research in any given year finance a wide variety of specific activities.
Some of these activities will be at an early stage in the inquiry lag.
Some will be quite mature. Still others will be somewhere in between.
In this case, the inquiry lag is not a fixed lag but some distribution.
This move to the aggregate enables one to view the process of technolog-
ical change as one of continuous, small improvements in the state of
the industrial arts as they relate to agriculture. It follows that
aggregate research activity in a given period will yield extendable
information in the following period. Therefore, it is assumed in this
study that a dose of R in time t can be constructed by combining
research expenditures in the previous year with extension expenditures
in the current year:]

Rt = (Research Expenditures) + (Extension Expenditures) (4.4)

t-1 t’

]It is doubtful that this formulation of an observation on R will
appreciably alter the results obtained by assuming that Equation (4.3)
holds. The aggregate nature of this study and others like it makes the
construction of observations on R under any assumption a candidate for
measurement errors in the variable. As long as the flow of expenditures
over time exhibits relatively narrow variations, however, the conse-
quences of such an error will not be too severe.
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Specification of the Weather Variable

The weather variable enters Equation (4.1) in exponential form.
Since this specification is somewhat out of the ordinary, an explanation
of the thinking behind it is in order.

In a study of the response of grain yeilds to weather variables,
Thompson (61) found that the relationship is a curvilinear one. As an
example of this relationship, consider Figure 6 in which is shown an
adaptation of Thompson's findings on the response of corn to preseason
precipitation in the U. S. Corn Belt. The relationship is such that
rainfall in any given period may be too high or low for optimum growth
of corn. The same can be said for temperature.

The approximate quantities associated with Figure 6 are reproduced
in the first two columns of Table IV. Inches of precipitation is
converted to a weather index and shown in the third column in order to
reflect the weather variable used in the present study; the highest
value of the weather index occurs at the optimum level of precipitation.
From this information, one can derive the elasticity of yield with
respect to the weather index. As shown in column four, the value of
this elasticity i1s not constant.

This nonconstancy of the elasticity of productivity with respect
to changes in the weather index has important implications for the
manner in which the weather index is specified in the productivity
change model. Suppose the relationship is specified as

B

Y = x~ where B is a constant. (4.5)

The elasticity of y with respect to x is defined as (x/y) (dy/dx). For

x&1 -

Equation (4.5), this calculation yields an elasticity (x/xB) B B.
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Figure 6. The Average Response of Corn to Preseason Rainfall in Five Corn Belt States
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Since B is a constant, a specification such as that of Equation (4.5)

implies a constant elasticity between y and x.

TABLE IV
THE ELASTICITY OF CORN YIELD WITH RESPECT TO WEATHER

Bushels Inches of Weather b
Per Acre Precipitation Index2 Elasticity
77.5 15 105

79.0 20 120 .1354
81.1 25 R PY: 6380
80.9 30 120 .0616
79.0 35 105 .1879

alculated by assuming the weather index and inches of precipitation
obey the following relationship: WI = 10I - .212, where WI is the
value of the weather index and I is the value of inches of precipita-
tion.

bE]asticity equals the percentage change in bushels per acre divided
by the percentage change in the weather index. For instance, the

the elasticity in going from 15 to 20 inches of precipitation is
calculated as [(79.0 - 77.5)/77.5]/[(120-105)/105].

Suppose, on the other hand, the relationship is specified as
y = X, (4.6)
Then the elasticity of y with respect to x is (x/eBX)seBx = BX. That

is, the elasticity varies with the value of x. Since this behavior
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is consistent with Thompson's findings regarding the relationship
between weather variables and yield, the weather variable in the present

study is specified in the form of Equation (4.6).
The Estimating Equation

To estimate the parameters of Equation (4.1), a logarithmic
transformation is performed:

Tn 0t + Bn+2 In E, + 8

t ¥ Bpag In W+ U

n
In P, = i B. In Rt-i + Bn+1

t i=0 |
(4.7)
where Ut is the disturbance term. The parameters of (4.7) could be
estimated directly using ordinary least squares. However, this method
of estimation is subject to several difficulties. First, the length
of the production-oriented research and extension lag is unknown.
Attempts to determine the lag length from the data by fitting a long lag
and then examining the significance of the coefficients are destined to
be unsuccessful because the various lagged values of R will be highly
intercorrelated. This in turn leads to imprecise estimates of the
lagged coefficients and makes inferences about them difficult to draw.
Second, one of the crucial assumptions of the ordinary least squares
procedure is that of zero covariance for the disturbance terms. This
assumption is likely to be violated if Equation (4.7) is estimated
directly, given the time series data which is employed in this study to

estimate the length of the lag associated with R. The techniques used

to overcome these difficulties are discussed below.

Calculation of the Distributed Lag Coefficients

To begin this discussion on the calculation of the distributed lag
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coefficients, a quotation by R. Bellmon (5) seems quite appropriate:
The fault of so many mathematical studies of this type is not
so much in sinning as in the lack of realization that one is
sinning, or even a lack of acknowledgement of any conceivable
type of sin. (p. 15)
The purpose of this section is to confess the sins associated with the
use of the particular distributed lag technique employed in this paper
and the means by which the absolution of those sins was sought.
Consider the simple distributed lag model,

Y = WXy + WX + ...t WX + e (4.8)

o't t-1 n“t-n t
where Y is the value of the dependent variable y at time t;
Xps Xp_1s +oos X4 Qre the values of the explanatory variable x at

times t, t-1, ..., t-n; and e, is the value of the disturbance e at

t
time t. As indicated above, the distributed lag coefficients, or
"weights", W, can be estimated by ordinary least squares. However, it
may be felt that the least squares estimates are not sufficiently
precise since it will often be the case that there exists a high degree
of multicollinearity in the explanatory variables Xps Xp_oqo ooos Xpp
A solution to this problem is to introduce a priori information into the
estimation procedure by imposing restrictions on the weights.

Typically, this a priori information is drawn from the theory
underlying the estimating equation. For the case at hand, it is clear
from the theoretical framework developed in Chapter III that the weights
lie on a polynomial. In 1965, Almon (3) introduced a technique for
estimating the weights of a distributed lag by means of a polynomial
specification. This is the lag technique employed in the present study.

The essence of the Almon lag technique is to estimate the distri-

buted 1ag model shown in Equation (4.8) subject to the restriction that
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the weights 1ie on a polynomial of degree p. It is assumed that there

exist parameters Ggs Bpseses Oy such that

Wy = ag +oqi +ai® 4 4 aiP, (4.9)
i=0,1, ..., n; p<n.
This reduces the number of parameters to be estimated from n+1 to p+l.
The procedure for estimating the o parameters and transforming these
into estimates of the original weights is explained in several sources,
including Johnston (28).

Once the decision to use the Almon technique has been made, the
user has implicitly answered two questions. Hopefully, these answers
are based upon theoretical considerations. First, he has committed
himself to the proposition that there is indeed a lag present. The
presence or absence of a lag cannot be tested by the Almon lag
technique since the nature of the technique is to "smear" the contempor-
aneous influence back through time (52, p. 12). Second, he has
restricted the weights to lie on a polynomial of degree p < n; a
restriction which, if true, will lead to estimates that are unbiased,
consistent, and more efficient than the least squares estimates. If,
on the other hand, the a priori restriction is not true, the Almon lag
technique will produce estimates which are generally inferior to those
yielded by the least squares estimation of Equation (4.8).

The theoretical framework developed in Chapter III lends specific
a priori information about the form of the distributed lag weights
which suggests that the Almon lag technique is appropriate for analyzing

the production-oriented research and extension lag. In applying this

method one also must select (a) the appropriate length of the lag, (b)
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the appropriate degree of the polynomial, and (c) the endpoint
restrictions to be imposed on the sequence W . In this study, these
choices were based upon the theory and statistical criteria.

The choice of the length of the lag is extremely touchy in the
Almon specification. Understatement or overstatement of the length is
a specification error which can lead to biased and inconsistent esti-
mates and invalid tests. The theory of Chapter III regarding the lag
does not yield a priori information on its length. One procedure
commonly used is to terminate the lag at the point where the next
distributed lag coefficient is not statistically significant from zero.
This procedure has several deficiencies. It is possible to obtain
statistically significant coefficients in periods beyond this termina-
tion point. Also, the choice of a lag length cannot be made on the
basis of t-tests since these tests are invalid when the lag length has
not been chosen correctly (52, p. 13). The alternative procedure used
in the present study was to try a number of different lag lengths with
the final choice based upon Theil's ﬁz (minimum standard error)
criterion (60).

The choice of the degree of the polynomial is also important.
Fortunately, the theory of the production-oriented research and exten-
sion lag gives a clear indication of the appropriate degree; one would
expect the weights to Tie on a second degree po]ynomia].2 Higher

order polynomials yield weights that oscillate in sign; a characteristic

2In the course of estimating the distributed lag coefficients,
third and fourth degree polynomials were also specified. The second
degree polynomial, however, consistently yielded estimates that
exhibited lower standard errors and were more in keeping with the theory
developed in Chapter III.
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which is not in keeping with the a priori information available. There
are undoubtedly isolated instances where early adopters of a new
technology have suffered decreases in productivity in the early going,
however, it is most difficult to imagine a situation where the overall
contribution of a dose of production-oriented research and extension
expenditures to aggregate agricultural productivity would be less than
zero.

= W =0 (or,

1 n+1

what is the same idea, W, = wo ~ 0) should always be imposed. That

this is the case is not at all clear. Trivedi (64) and others have

Almon suggests that the "endpoint" constraints w_

shown that in many cases the imposition of endpoint restrictions causes
substantial biases. Essentially, as with other restrictions, their
imposition increases the efficiency of estimation if the restrictions
are true, and it leads to biased and inconsistent estimates if the
restrictions are false. Therefore, they should not be applied as a
routine matter. Rather, the equation should be estimated both with and
without the endpoint constraints so that a choice between the constrained
and unconstrained versions can be made on the basis of some explicit
criterion (52, p. 13). This is the procedure followed in the present
study. The classical F test designed in such a manner as to test the
truth or falsity of the hypothesis that the endpoints are zero is the
criterion emp]oyed.3

One final point about the Almon lag technique should be made before

leaving the subject. Almon's original approach utilized Lagrangian

3See Carlos Toro-Vizcarrondo and T. D. Wallace (63) for an
explanation of the appropriate test statistic.
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interpolation polynomials. However, according to Cooper (12),
. . because of a simpler exposition and lack of general
understanding among economists and economics students alike
of the nature of Lagrangian interpolation techniques, a

direct, polynomial approximation approach is gradually
being adopted in the classroom and in computer programs.

(p. 32)

As Cooper demonstrates, the direct approach can be hampered by multi-
collinearity in the transformed variables. In view of this, the

original Almon approach is utilized in this study.

Covariance of the Disturbance Terms

As pointed out above, there are circumstances in which the assump-
tion of a serially independent disturbance term may not be very
plausible. Fortunately, there are tests available that allow one to
test for the presence of autocorrelated disturbances. The Durbin-
Watson "d" statistic has become an accepted small-sample test and it is
employed in this study.
| As shall be seen in the next chapter, autocorrelation was in fact
found to be a problem in estimating Equation (4.7). In order to obtain
a more amenable estimation problem, it is assumed that the disturbance

term U, in Equation (4.7) follows a first-order autoregressive scheme.

t
The estimating equation is transformed into

o Bi (M Reeq = Regg)

!
H~M3

In Pt - pln Pt-] = i

* B4 (Tn 0t - oln Ot—l) (4.10)
+ 8n+2 (In Et - pln Et-1)
+

Bn+3 (wt - pwt-l) tey
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where ey = Ut - pUt-]' Durbin's (15) two-stage procedure was employed
to estimate the o parameter. According to Johnston (28, p. 265), this
method yields estimators that are preferable to ordinary least squares,
Cochrane-Orcutt, Prais-Winsten, and nonlinear estimators.

Having established a theoretical and empirical framework to guide
the investigation, the results of their applications are considered in

the next two chapters.



CHAPTER V

ESTIMATES OF THE FORM OF THE TIME LAG AND THE
CONTRIBUTION OF RESEARCH AND EXTENSION
TO AGRICULTURAL PRODUCTIVITY

Trends in the Original Data

To estimate the relationship shown in Equation (4.10), data on
production-oriented research and extension expenditures, agricultural
productivity, nonproduction-oriented research and extension expenditures,
weather, and education variables for the 1939 to 1972 period were col-
lected. In this section, long-run movements of these variables are
analyzed.

For the period 1939 to 1972, all variables except weather exhibit
strong secular upward trends (see Figure 7). The productivity index (P)
and the index of educational attainment among farmers and farm workers
(E) grew at a=nual average rates of 1.71 percent and 1.61 percent,
respectively. Production-oriented research and extension expenditures
(R) and nonproduction-oriented research and extension expenditures (0)
increased at higher average rates of 2.98 percent and 3.32 percent per
annum, respectively.

Because of fhé strong secular trends in the time series data for
three of the variables that are proposed to explain the behavior of
productivity over time (E, 0, and R), the simple correlations between

them are quite high (see Table V). Only the weather variable exhibits a
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rather low correlation with the other explanatory variables. A more
generally reliable guide to the degree of collinearity between the
explanatory variables has been suggested by Farrar and Glauber (19).
Specifically, they suggest a consideration of the coefficient of multi-
ple determination between each explanatory variable and the remaining
explanatory variables. As shown in Table VI, this test also indicates
that there exists a strong linear dependence between the explanatory
variables. This means that use of the data in its original form in
regression analysis would violate one of the basic assumptions of the
general linear model; namely, that of no linear dependence between the

explanatory variables.

TABLE V

SIMPLE PEARSON CORRELATION COEFFICIENTS BETWEEN
PRODUCTION-ORIENTED RESEARCH AND EXTENSION (R),
NONPRODUCTION-ORIENTED RESEARCH AND
EXTENSION (0), EDUCATION (E),
AND WEATHER (W) VARIABLES,

1939-1972
R 0 E W

R 1.0000 0.9557 0.9786 v 0.0585

0 1.0000 0.9236 0.0933 -

E ’ 1.0000 0.0802 -

W | 1.0000
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TABLE VI

COEFFICIENTS OF MULTIPLE DETERMINATION BETWEEN
EACH EXPLANATORY VARIABLE AND THE REMAINING
EXPLANATORY VARIABLES; ORIGINAL DATA

Regression Equation R2
Rt =+ B]Et + szot + 33wt 0.977
Et =q t B]Rt + 820t + 63wt 0.960
0t =q + BlRt + BzEt + e3wt 0.919

As might be expected, the variables exhibit little variation about
their respective means. The coefficient of variation for production-
oriented research and extension expenditures is only 4.70 percent.] It
is slightly smaller for the education index, 3.44 percent, and somewhat
larger for nonproduction-oriented research and extension expenditures,

10.17 percent.

Transformation of the Data and the Final

Fitted Relationship

The productivity change model was specified in Equation (4.1) as

B', B+l E6n+2 e8n+3wt_

]The coefficient of variation of a variable is equal to the stand-
ard deviation of the variable divided by its mean.
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It was pointed out in Chapter IV that a common practice is to use
ordinary least squares to fit this equation to time series data in the

natural logarithmic form:

n Pt =

I ™3

By TN Rej + Bpyq TN Op * B In B + B gy + U
(5.1)

i=0

where Ut is the disturbance term. However, it was further suggested
that this procedure often violates two basic assumptions of the ordinary
least squares estimating procedure (27, p. 11). These violations alter
the properties of the estimated coefficients. The most serious viola-
tion is the lack of independence of the disturbance terms, which arises
from the correlation between time periods of the values of excluded
variables. Although the estimated coefficients are unbiased, they are
no longer the minimum variance estimators. This renders tests of
hypotheses invalid that are performed under the assumption that the
disturbances are independent. The second violation concerns high
correlations between the independent variables which, in the preceding
section, were demonstrated to exist. As a result of this violation,
multicollinearity becomes potentially serious which in turn produces
least-squaresestimators with usually large variances.

To test whether these potential problems are in fact significant
for the present study, Equation (5.1) was fitted to the data. Both
second and third degree polynomials were employed and the length of
the lag associated with the R variable was allowed to vary from 3 to
24 years. In most cases, the Durbin-Watson small sample test for
autocorrelation was inconclusive at the five percent level of signifi-

cance. In those instances where the test was not inconclusive, the
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hypothesis of non-autocorrelated disturbance terms was rejected at the
five percent level in favor of the hypothesis of positive autocorrela-
tion. In addition, the estimated coefficients exhibited behavior
normally associated with a high degree of multicollinearity. Estimates
of coefficients were quite sensitive to particular sets of data. For
instance, the coefficient associated with the education variable ranged
from -.074 to 1.22, while that associated with nonproduction-oriented
research and extension expenditures varied from .032 to .204. For these
reasons, Equation (5.1) was rejected as an acceptable relationship for
estimating the contributions of the explanatory variables to agricultural
productivity.

An alternative form of Equation (4.1), which totally eliminates
the time trend from the data and substantially reduces the correlation
of the model's disturbance terms and of the explanatory variables, is

obtained by taking first differences of Equation (5.1):

n
= 5 g.(InR - InR ) +

i=0 1

+ Br+o (Tn Et - 1In Et-l) + B

nPy-nPi,y t-i t-i-1) ¥ B (In 0y = T 0y 4)

(W, - W ]) +e (5.2)

nt3''t t- t

where e, = U, - U

t t t-1°
This procedure yields a linear approximation of d n Pt in discrete
. dinP o dPp, dt
time. That is, g 5£ g -2 Tn Pt for small changes.

This specification of the model incorporates the implicit assump-
tion that the first-order autocorrelation coefficient of the U series

is equal to one. To illustrate this, consider the simple model below:

u .
Bt t=14, ..., n : (5.3)
Yt Xte

L (5-4)
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where o is the first-order autocorrelation coefficient, |p| < 1, and

2
€4 satisfies the assumptions E(et) = 0 and E(etet+s) =0, when s = 0
and E(etet+s) = 0 when s # 0 for all t. From Equation (5.3) it follows
that
In Yt = g In Xt + i (5.5)
and
Heq = In Yt—1 -8 1In Xt-]' (5.6)

Combining Equations (5.4) - (5.6) yields the following relationship:

InY,=81InX, +o (InY, 4 -81InX ;) +e

(5.7)
or

InY, - InY

: = g (1In Xt - e 1n Xt—l) + e

t-1 t
(5.8)
It is apparent from Equation (5.8) that if o = 1, the model reduces to
a log first difference model such as shown in Equation (5.2). The
conclusion to be drawn from this analysis is that one should not specify
a log first difference model without some a priori reason for believing
that the disturbance terms of the model exhibit near perfect first-
order autocorrelation. By the same line of reasoning, if ¢ = 0,
Equation (5.8) reduces to the log linear model specified in Equation
(5.1). These alternative assumptions about the degree of autocorrelation
of the disturbances represent two extreme cases. Given the serious
consequences of misspecifying o, neither assumption should be made
without prior knowledge of this parameter or at least attempting to

estimate its size in order to determine if it is in fact reasonably

close to 0 or 1.
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As indicated in Chapter IV, the Durbin two-stage procedure was
employed in the present study to estimate the autocorrelation parameter.
The model specified in Equation (4.10) and reproduced below was esti-
mated assuming that the lag associated with production-oriented research

and extension expenditures follows a second degree polynomial.

I ™3

In Pt -p InP =

£ B:(InR_, -0 TnR

Ry
=0 t-1-1

B

+

n+] (In 0t -p 1In Ot-l)

+

By (Wem We ) ey
where e, = Ut - pUt_].
years were estimated for both the case when no endpoint constraints

Various lag lengths ranging from 7 through 16

were imposed and also the case when the endpoints were constrained to
approximately equal zero. These estimations produced estimated first-
order autocorrelation coefficients which ranged in size from .52 to .65.
In most cases, the Durbin-Watson small sample test for autocorrelation
resulted in rejection of the hypothesis of positively autocorrelated
disturbance terms at the five percent level of significance. In all
other cases, the test was inconclusive. Based upon the size of the
B'S and the above test results, both the log linear model (Equation
(5.1)) and the log first difference model. (Equation (5.2)) were dis-
carded in favor of the first-order autoregression model specified in
Equation (4.10).

Not only did the autoregression model alleviate the problem of
autocorrelation of the disturbance terms, it also greatly decreased the

collinearity between the explanatory variables. As shown in Table VI,
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the smallest coefficient of multiple determination between each explan-
atory variable and the remaining explanatory variables yielded by the
original data was 0.919. When the data was transformed according to
the specification shown in Equation (4.10), the regression results
indicate that the degree of multicollinearity has been reduced substan-
tially, although perhaps not as much as one would like (see Table VII).
The coefficient of multiple determination between the education index
and the other explanatory variables is still large enough (0.65) to
perhaps cause the precision of estimation to fall. The stability of
the coefficients across different sets of data (different lag lengths),
however, leads one to conclude that multicollinearity is no longer a

serious problem.

TABLE VII

COEFFICIENTS OF MULTIPLE DETERMINATION BETWEEN EACH
EXPLANATORY VARIABLE AND THE REMAINING EXPLANATORY
VARIABLES; TRANSFORMED DATA2

]

Dependent Variable R

n -~
IRy =0 InR 5 4) 0.575
i=0
(In Et - o 1In Et—]) 0.655
(In 0y -5 1n0,_4) 0.468

Transformed according to Equation (4.10). The value of 6 was assumed
to equal 0.60 for the purpose of this Farrar-Glauber test.
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Another observation emerging from the estimation of the auto-
regression model was that the regression coefficient of nonproduction-
oriented research and extension expenditures was never significantly
different from zero even at the fifteen percent level. Therefore, this
variable was dropped from Equation (4.10) and the parameters reestimated.
This exclusion produced almost no change in the coefficient of multiple
determination adjusted for degrees of freedom and only minor changes in
the size and statistical significance of the other explanatory variables
(see Table VIII). It is therefore concluded that nonproduction-oriented
research and extension expenditures do not significantly contribute to
changes in agricultural productivity.

One final conclusion to be drawn from the estimations of the
autoregression models concerns the appropriateness of the imposition
of endpoint constraints on the lag weights associated with production-
oriented research and extension expenditures, i.e., the restriction that
the two endpoints of the lag must approximately equal zero. The distri-
buted 1ag weights generated by the unrestricted (no endpoint constraints)
autoregression model with 0 excluded do not entirely conform to the
theoretical framework developed in Chapter III. Specifically, the
coefficients generated by this model include negative weights, implying
that the contribution of production-oriented research and extension
expenditures to agricultural productivity is negative over part of its
lifetime (see Figure 8). In view of this, Equation (4.10) with 0 ex-
cluded was also estimated under the assumption that the endpoints of
the time form are approximately equal to zero. The "best" lag length
(minimum standard error of estimate) for both the unrestricted and the

restricted model was then identified (13 years in both cases) and the
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TABLE VIII

THE IMPACT OF EXCLUDING NONPRODUCTION-ORIENTED
RESEARCH AND EXTENSION EXPENDITURES FROM
THE ESTIMATING EQUATION@

Results When Results When
Explanatory 0 is Included 0 is Excluded
Variable in the Model from the Model
0, - 61n0, ; 0.0005
(0.0165)
InE, - pInE,_; 0.7527 0.7599
(3.1888) (3.2205)
W - oW, 0.0019 0.0019
(3.5946) (3.7988)
Ry - bR, ; 0.0635 0.0617
Ry - 6Ry 5 0.0605 ‘ 0.0586
Ry, = 6R. 3 0.0559 0.0540
Re_3 - 6R._, 0.0498 0.0479
Ry_y - PR o 0.0422 0.0405
Re_s - bR, _¢ 0.0331 0.0316
Ry - bRy 7 0.0224 0.0213
Re.g = bR g 0.0102 0.0095
Ry_g - 6Ry g -0.0035 -0.0037
Re.g - #Ry_10 -0.0188 -0.0183
Re-10 - %Reo1q -0.0356 -0.0344
Req1 - 6Reopg -0.0539 -0.0519
Re.12 - fRe 13 -0.0737 -0.0709
Re 13 = 6Re14 -0.0951 -0.0913
nop
I8 0.0573 0.0546
i=0
r? 0.9998 ; 0.9998
SEE® 0.02171 0.02109
pd 1.68 1.76
6€ 0.63 0.66

3The minimum standard error of the estimate criterion was used to select the
most appropriate lag length for the R variable from the set of autoregression
models estimated under the imposition of no endpoint constraints. As inferred
by the above table, this length was determined to be 13 years in both those
models which included and those which excluded the O variable. Numbers in
parentheses are t-values.

ba joint F test of the null hypothesis that all the regression coefficients
for the R's are equal to zero was rejected at the one percent level of
significance.

Cstandard error of the estimate.

. dDm‘bin-Watson "d" statistic.

©The estimated value of the first-order autoregression coefficient of the dis-
turbances.
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appropriateness of the endpoint constraints was tested using the

following F statistic:

_ SSE(B) - SSE(b) . SSE(b)
m, T-K m TTK

F
where SSE(é) is the calculated error sum of squares obtained by estimat-
ing the restricted autoregression model; SSE(b) is the calculated error
sum of squares from the unrestricted model; m is the dimension of the
array of endpoint constraints; T is the number of observations, and K

is the number of independent variab]es.2 The null hypothesis that the
endpoint constraints are appropriate was not rejected on the basis of
this test; the calculated F value was only 0.085, far below the appro-
priate critical point of the F distribution at the one percent level of
significance.

It is meaningful that the standard error of the estimate yielded
by the restricted model was for every respective lag length Tower than
that obtained by estimating the unrestricted model. For the "best"
lag length of 13 years, the standard error of the estimate for the
restricted model was 0.0204 as compared to 0.0211 for the unrestricted
model. Given this, along with the results of the F test performed
above, it is concluded that more reliable structural estimates are
obtained from adoption of the restriction that the endpoints of the
distributed Tag weights associated with production-oriented research

and extension expenditures are approximately equal to zero.

The final form of the estimating equation is therefore shown in

2
This test is described in Carlos Toro-Vizcarrondo and T. D.
Wallace (63, p. 559).
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Equation (5.9):

i
I ™M>

In Pt -p 1In Pt"] = i20 B.i (]n Rt-'i -p In Rt_]_])

Bn+] (]n Et - p ]n Et_-l) (509)

+

+

Beg (Wp = ey q) + ey
where it is assumed that By = By ° 0. The results of estimating this
equation for the U. S. are considered in the next section.

Results from the National Data and

Their Interpretation

The results from fitting Equation (5.9) to annual national data
for the 1939 to 1972 period are reported in Table IX. The length of
the lag associated with production-oriented research and extension
expenditures was varied from 7 through 16 years and the degree of the
polynomial by which the distributed 1ag weights were constrained was
two in all cases. The coefficients of multiple determination are all
quite high and the Durbin-Watson "d" statistics all indicate that posi-
tive autocorrelation is not a significant problem.

Recall that the criterion by which the "best" lag is to be selected
is that lag with the smallest standard error of estimate. This statis-
tic steadily declines as the lag length is increased, reaches a minimum
at a length of 13 years, and increases thereafter. Therefore, it is
concluded that a "dose" of production-oriented research and extension
expenditures injected in year t will affect agricultural productivity in
year t and continue to affect it for the following 13 years. From
Figure 9, it can be seen that the hypothesized time form of a dose of

expenditures is exhibited by the distributed lag weights generated by
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TABLE IX

UNITED STATES DATA®
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Lag Length (number of years)

Explanatory
Variable
7 8 9 10 11
InE -4 1nE, 0.8387 0.8340 0.8393 0.8209 0.7856
(4.9936) (4.5962) (4.2950) (3.9249) (3.1705)
W oW, 0.0018 0.0018 0.0018 0.0018 0.0019
(4.0466) (4.0744) (4.0980) (4.1122) (4.3277)
R,-6R, _; 0.0012 0.0011 0.0008 0.0006 0.0013
R._176R,_, 0.0021 0.0019 0.0014 0.0017 0.0023
R..,"6R, s 0.0027 0.0025 0.0019 0.0023 0.0031
R._5BR, 4 0.0030 0.0029 0.0022 0.0028 0.0038
Ry_4 PR, _c 0.0030 0.0030 0.0024 0.0030 0.0042
R Ry ¢ 0.0027 0.0029 0.0024 0.0031 0.0044
R__¢-6R. - 0.0021 0.0025 0.0022 0.0030 0.0044
R._,-6R, g 0.0012 0.0019 0.0019 0.0028 0.0042
R, _g-R; g 0.0011 0.0014 0.0023 0.0038
Re_9-R¢ 1 0.0008 0.0017 0.0031
Re_10-PRe-11 0.0006 0.0023
R._17¥R¢_1, 0.0013
Re-127PR¢e 13
Re-1370Re 14
Re-147fR¢ 15
Re-157%R¢ 16
Re-167R¢-17
b
I8 0.0177 0.0196 0.0175 0.0249 0.0381
1=0
R 0.999 0.999 0.999 0.999 0.999
SEE” 0.02194 0.02191 0.02190 0.02185 0.02184
e 2.25 2.27 2.31 2.34 2.39
6° 0.729 0.735 0.745 0.756 0.819




TABLE IX (Continued)

Lag Length (number of years)

Explanatory
Variable
12 13 14 15 16

1nE, -6 InE, 0.7663 0.7851 0.7501 0.7493 0.7299

(3.2118) (3.0840) (2.8138) (2.6632) (2.5554)
Wo-gW, 0.0021 0.0020 0.0020 0.0020 0.0020

(4.7306)  (4.7337) (4.4566) (4.3708) (4.3906)
R,-6R,_; 0.0013 0.0009 0.0011 0.0010 0.0010
R,_1-oR, 0.0023 0.0017 0.0021 0.0019 0.0020
R, -8R, s 0.0032 0.0024 0.0030 0.0027 0.0028
R, 56R, 4 0.0039 0.0029 0.0036 0.0033 0.0034
Ry 48R, s 0.0043 0.0033 0.0042 0.0038 0.0040
R, s-0R, ¢ 0.0046 0.0036 0.0045 0.0042 0.0044
Ry_g-PR,_7 0.0047 0.0037 0.0048 0.0045 0.0047
R, R g 0.0046 0.0037 0.0049 0.0046 0.0049
R,_g-BR, g 0.0043 0.0036 0.0048 0.0046 0.0050
R, R 15 0.0039 0.0033 0.0045 0.0045 0.0049
R, 100R¢.11 0.0032 0.0029 0.0042 0.0042 0.0047
Ry_11-Rs_1; 0.0023 0.0024 0.0036 0.0038 0.0044
R,_1,-0R, 15 0.0013 0.0017 0.0030 0.0033 0.0040
R, 15PR, 14 0.0009 0.0021 0.0027 0.0034
Re_14-Re_5 0.0011 0.0019 0.0028
L 0.0010 0.0020
R 1676R¢-17 0.0010
n
r s 0.0438 0.0369 0.0515 0.0519 0.0595
i=0 ]
R 0.999 0.999 0.999 0.999 0.999
SEES 0.02113 0.02036 0.02060 0.02101 0.02116
o 2.14 2.29 2.30 2.29 2.20
6° 0.795 0.839 0.830 0.830 0.819

ANumbers in parentheses are t values, all of which exceed the critical t value at
the 2.5 percent level except that of the Pacific region. .

bA joint F test for each region of the null hypothesis that all the regression co-
efficients for the R's are equal to zero was rejected at the one percent level of

significance.
CStandard error of the estimate.
dDurbin—l\Yatson "d" statistic.

©The estimated value of the first-order autoregression coefficient of the distur-
bances.
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Equation (5.9); the weights follow the shape of an inverted U. With
reference to the 13 year lag, the contribution of a dose of production-
oriented research and extension expenditures to agricultural productivi-
ty is relatively small in the early years, builds to a maximum, and
declines thereafter.3

The positive and statistically significant (at the one percent
level) sum of the distributed lag weights suggests that a one percent
increase in production-oriented research and extension expenditures
will, over its lifetime, bring about approximately a .037 percent
increase in productivity. This .037 percent increase in productivity
will be distributed through time in the manner indicated by the optimal
lag weights.

While the sum of the estimated coefficients of R may appear to be
rather small, the implied effect in terms of the dollar value of output
is quite large. This can be seen by calculating the increase in the
value of agricultural output brought about by a one dollar increase in
expenditures on production-oriented research and extension; i.e., the
marginal product (MP) of R. Given the specification of the model shown
in Equation (5.9), each individual distributed lag coefficient is a
direct estimate of the elasticity of agricultural productivity with
respect to production-oriented research and extension expenditures in
the appropriate time period. The sum of these coefficients is an

estimate of the total elasticity over the entire life of a dose of R.

That is,

3The maximum contribution occurs at a 6 1/2 years. This is the
result of the imposition of the constraint that the endpoints of the
distributed lag weights must approximately equal zero.
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AP

081 - 2R

0|

I~ >

i (5.10)
where A denotes the absolute change in a variable over the entire period.
To approximate the marginal product of R, this elasticity is multiplied
by the ratio of the average level of productivity over the time period

in question to the average level of production-oriented research and

extension expenditures over the period:

n —
Ay 4 %— -~ AP (5.11)

where a bar over a variable name indicates the average of that
variable. Since it is desirable to know the increase in agricultural
output brought about by a one dollar increase in R, the result obtained
in Equation (5.11) must be adjusted by converting the numerator, AP, to
its equivalent in terms of agricultural output. This conversion can be
made by calculating the average net increase in the value of output
over the period due to a one point increase in productivity and
mu]tip]ying:4

AP AY

)
R - R - MW (5.12)

4
In order to more fully define the components of Equation (5.12),
consider the following production function:
Q= f(K, L)
where Q is the physical quantity of output,
K 1is the physical quantity of capital,
L 1is the physical quantity of labor.

If the production function is homogeneous of degree one, then by Euler's
theorem

_ of of

cK+ L

or
- L (1)
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where Y is the value of agricultural output net of increases in the
value of inputs.

Performing these calculations for the national data when the lag
length is 13 years yields an estimated MP of $4.30. This means that
the value of agricultural output increases approximately $4.30 for each
additional dollar spent on R. This estimate of the return to R,
however, does not reflect the fact that the increments in output are
distributed over time. In order to determine the present value (PV) of
a one dollar investment in production-oriented research and extension,
it is necessary to discount the increases in output back through time.
This calculation is performed according to the formula below:

MP

PV =
;

0o (1)t '

I ™M >3

where MP; is the marginal product of the ith input. Multiplying both
sides of the above equation by the price of output (P) yields
PQ =P - MPk «K+P «MP, « L

or 1
Vo= MP - K+ UMPL - L (2)

where V is the value of output, and VMPi is the value of marginal
product of the ith input.

If agriculture is operating under conditions of pure competition, the
factors of production are paid the values of their marginal products,
i.e.,

VMPk =r

VMP] =W

where r is the price of capital and w is the wage rate. Incorpor-
ating this assumption yeilds
V = rK + wL. (3)

This is the arithmetic formula used to aggregate inputs in computing
the official USDA productivity index used in this study. At the base

VO = roKo + woL0 (4)
and at period 1
Vo= ik gLy (5)

where the subscript denotes the time period. Had the production
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where Mpt+i is the marginal product of R in time t+i and the total
marginal product, MP, is distributed through time in the manner indi-
cated by the optimal lag weights; r is the externally determined
discount rate. Estimates of the discounted marginal product of
production-oriented research and extension expenditures for alternative

discount rates are shown in Table X.

function and factor marginal productivity (or, equivalently, the factor
price weight) stayed constant from the base period to period 1, the
same quantity of inputs in period 1 (K] and L]) would have produced

*

V] = rOK] + wOL] (6)
where V? is the value of output which would have been produced with the
inputs in period 1 (K] and L]) had no productivity change occurred since
the base period. V] is the value of output actually produced with
inputs K] and L] under the technical conditions in period 1. Thus, the
ratio of V] tokv? is a measure of productivity change from the base year
to year 1. Let Po] denote a change in productivity between the base
period and period 1. Then,

a *
Py =V /Y. (7)

Dividing (6) by (4) gives

*
Vi Tk Tl

K +wlL
"o'o 00

=

0
or V* y roK] + wOL]
1 o r K Fw L) (8)

Substituting (8) into (7) yields

P . = Yl.. EQEQ;ijﬁill
ol V0 roK] + wOL]

or
Vol (roKy +woly)

ol VO/(YOKO + wOLdjf‘ (9)

This is the basic equation used to compute the official USDA productivity
index (although there are seven official input classifications).

P
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TABLE X

DISCOUNTED MARGINAL PRODUCTS OF PRODUCTION-ORIENTED
RESEARCH AND EXTENSION EXPENDITURES AT
ALTERNATIVE DISCOUNT RATES: U.S. DATA

Discount Discounted
Rate (r) Marginal Product of R
5 percent $3.03

6 2.83

7 2.66

8 2.50

9 2.35

10 2.21

11 2.09

12 1.97

13 1.87

From (9), it directly follows that the value of the index in year 2 is
given by

o - L2l (ofa * Molp) (10)
02 VO/(rOK0 + wOLO)

The change in the productivity index between year 1 and year 2 is
- VZ/(roKZ ¥ WoLZ) _ Vl/(roKl ¥ WoL]) (11)
VO/(rOK0 + w0L87 VO/(koKO + wOLO)

The change in the value of output over the same period is V, - V],

while the change in the value of inputs can be written as

(r‘oK2 twl ) - (rOK1 + wOL]). The change in the value of output net of
changes in the value of inputs is defined in the text above as AY, where

aY =V, - Vy - [(r‘OK2 + woLZ) - (roK] + w0L1)].

AP
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As indicated in Chapter II, perhaps the most informative measure
of the return to investment in production-oriented research and exten-
sion expenditures is the marginal internal rate of return, i.e., that
rate of return, r, which results in

n
P

= 0. (5.14)

The marginal internal rate of return to R based on the national data
and the "best" lag length of 13 years is approximately 26.5 percent.
This is the rate of interest at which the present worth of the net
increase in the value of agricultural output resulting from an invest-
ment of one dollar in production-oriented research and extension is
equal to the initial investment.

It would also be interesting tc know what has been happening to
the marginal internal rate of return over time. If it is assumed that
the estimated time form for the 1939 to 1972 period also holds for any
given subperiod, this question can be answered by applying Equation
(5.14) to the calculated marginal products of selected subperiods. The
results of this procedure are summarized in Table XI. Apparently, the
marginal return has been declining over time, although it remains
substantial.

A1l of the measures of the return to production-oriented research
and extension cited thus far are subject to a common bias resulting
from a failure to include the contribution of private sector research
and extension in the model. The theoretical framework presented in
Chapter III indicated that one would expect some contribution to pro-
ductivity from this source. The magnitude of this contribution is

1likely to be considerably smaller than that of the public sector
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contribution since much of the private research and extension activity
will be reflected in input prices. Since private research and extension
data are not accessible except in a very few instances, the actual

bias in the R coefficient cannot be known. Using the limited data
available, however, Evenson (17, p. 72) has estimated that the effect

of private research and extension is to bias the contribution of public
research and extension upward by a factor of 1.22. Adjusting the R
coefficients by this factor in an attempt to derive an estimate of the
return to public sector production-oriented research and extension
results in an adjusted marginal internal rate of return of approximately
22 percent for the 1939 to 1972 period and an adjusted marginal product
of about $3.50.

TABLE XI

MARGINAL INTERNAL RATES OF RETURN (IN PERCENTAGES)
TO PRODUCTION-ORIENTED RESEARCH AND EXTENSION
DURING SPECIFIED TIME PERIODS

Period ‘ Rate of Return
1939-1948 30.5
1949-1958 27.5
1959-1968 25.5

1969-1972 23.5







CHAPTER VI

RESULTS FROM THE REGIONAL DATA AND
THEIR INTERPRETATION

An attempt was made to fit Equation (5.9) to annual data for each
of the ten farm production regions of the U. S. over the 1939 to 1972
period (see the Appendix for a map of these regions). However, the high
collinearity between the education variable and the production-oriented
research and extension variable for several of the regions proved
serious in the sense that the estimated parameters had an unsatisfactor-
ily Tow degree of precision.

In view of this, the estimate of the education parameter obtained
from fitting the national data to Equation (5.9) was incorporated into
the model. This in effect "corrects" the P variable for the influence
of education. The fitted equaéion for each of the regions is therefore

shown by the following:

(InP_-51nP - [0.78 (In E, -0 N E. )] = (6.1)

t t—1)

S B (R4 In R

I ™M >

; RPALAUCHER )
where 0.78 is the predetermined coefficient of the education variable
and the endpoints of the distributed lag weights are again constrained
to approximately equal zero.

The results from fitting Equation (6.1) to the annual regional data

98
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TABLE XII
EQUATION (6.1) REGRESSION RESULTS: REGIONAL DATA

Region
Explanatory
Variable North- Lake Corn Northern Appala-
east States Belt Plains chian
Wt - 6Wt-l 0.0023 0.0014 0.0039 0.0042 0.0036
(3.7442) (2.2904) (7.6164)  (13.7280) (5.0758)
Rt - 6Rt_1 0.0009 0.0012 0.0007 0.0007 0.0011
Rt—l ﬁRt_z 0.0017 0.0023 0.0013 0.0013 0.0020
Rt-2 - 6Rt—3 0.0023 0.0032 0.0018 0.0017 0.0028
Rt-3 - 6Rt-4 0.0029 0.0039 0.0022 0.0021 0.0034
Rt-4 - 6Rt_5 0.0033 0.0045 0.0025 0.0024 0.0039
Rt-S - 6Rt-6 0.0035 0.0049 0.0027 0.0025 0.0042
Rt-6 - 6Rt_7 0.0036 0.0051 0.0028 0.0026 0.0044
Rt-7 - ﬁRt_S 0.0036 0.0052 0.0028 0.0025 0.0044
Rt-8 - 6Rt_9 0.0035 0.0051 0.0027 0.0024 0.0042
Rt—9 - 6Rt-10 0.0033 0.0049 0.0025 0.0021 0.0039
Rt-lO - ﬁRt-ll 0.0029 0.0045 0.0022 0.0017 0.0034
Rt-ll 6Rt—12 0.0023 0.0039 0.0018 0.0013 0.0028
Rt-12 pRt_l3 0.0017 0.0032 0.0013 0.0007 0.0020
R, 15 - FR¢_14 0.0009 0.0023 0.0007 0.0011
R, 14 - fRe 15 0.0012
n
pX B-b 0.0365 0.0551 0.0280 0.0239 0.0438
i=0 !
ﬁz 0.9111 0.9833 0.9859 0.9904 0.9912
SEEC 0.03315 0.02595 0.03393 0.02851 0.03608
owd 2.29 2.08 1.89 2.08 2.16

€ 0.829 0.713 0.576 0.579 0.686




TABLE XII (Continued)

Region
Explanatory
Variable South- Delta Southern Mountain Pacific
east States Plains
Wt - 5Wt_1 0.0038 0.0027 0.0049 0.0018 0.0003
(5.4282) (6.4858) (8.7224) (4.9086) (0.7784)
Rt - 6Rt-1 0.0009 0.0018 0.0005 0.0018 0.0030
Rt—l ﬁRt_Z 0.0017 0.0032 0.0010 0.0033 0.0054
Rt-Z 6Rt—3 0.0023 0.0044 0.0014 0.0044 0.0072
Rt—3 6Rt_4 0.0029 0.0052 0.0017 0.0052 0.0084
Rt—4 6Rt_5 0.0033 0.0056 0.0019 0.0057 0.0090
Rt-S 6Rt_6 0.0035 0.0058 0.0020 0.0059 0.0090
Rt-6 5Rt-7 0.0036 0.0056 0.0021 0.0057 0.0084
Rt—7 ﬁRt-B 0.0036 0.0052 0.0021 0.0052 p.0072
Rt—B 6Rt_9 0.0035 0.0044 0.0020 0.0044 0.0054
Rt-9 - 6Rt-10 0.0033 0.0032 0.0019 0.0033 0.0030
Rt-lO 6Rt-11 0.0029 0.0018 0.0017 0.0018
Rt-ll - pRt_12 0.0023 0.0014
Re.1p = ARy 13 0.0017 0.0010
Re_13 = FRe_qy 0.0009 0.0005
Re-1a ™ PRegs
n
b Bi b 0.0364 0.0461 0.0211 0.0469 0.0662
i=0
ﬁz 0.9774 0.9237 0.9940 0.9937 0.9975
SEE® 0.03965 0.04176 0.03979 0.02238 0.01927
owd 2.07 2.15 1.74 1.84 1.45
5e 0.640 0.828 0.291 0.577 0.463

BNumbers in parentheses are t-values; all exceed the critical t value at the one

percent level.

bA joint F test of the null hypothesis that all the regression coefficients for
the R's are equal to zero was rejected at the one percent level of significance

for all lag lengths.

CStandard error of the estimate.

dDurbin-Watson "d" statistic.

®The estimated value of the first-order autoregression coefficient of the distur-

bances.
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Figure 10. Time Forms of the Contribution of Research and Extension to Agricultural
Productivity for Ten Farm Production Regions
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which are most important in explaining these regional time form
differences. Determinants of the relative productivity performance
between regions are also considered. Due to the limited number of
observations available and the nonparametric techniques employed, any
conclusions which result from the analysis must be regarded as descrip-
tions of tendency, not as statistically proven facts based upon sound

testing of hypotheses.

Regional Differences in the Length of the

Production-Oriented Research and

Extension Lag

In order to understand fully the reasons for regional differences
in the total length of the lag associated with R, one would have to have
full knowledge of the determinants of each of the component lags
discussed in Chapter III. While this information is not available, it
is still possible to suggest some of the key elements involved and
examine the direction of their influence.

With this in mind, the following hypotheses regarding the length of
the production-oriented research and extension lag are advanced:

1. The total length of the lag will be shorter, the greater the
production-oriented research and extension expenditures per dollar of
agricultural output. Relatively great research expenditures per dollar
of output shorten the length of the lag between the time the investment
is made and the time commercially adoptable knowledge is actually forth-
coming. Similarly, relatively great extension expenditures shorten the
adoption lag, i.e., the lag between the time the new technology is

available and the time it is actually adopted by farmers.
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2. The total length of the lag will be longer, the greater the
weather variability in the region. This is because increased weather
variability tends to lengthen the adoption lag due to the higher degree
of uncertainity regarding the profitability of the technology.

3. The total length of the lag will be shorter, the better the
absolute weather conditions in the region. This hypothesis suggests
itself due to the relationship between "good" weather and "high" pro-
fitability from farming. Presumably, farmers with relatively high
profits will be in an economic position to adopt new technologies
earlier than those farmers who earn relatively low profits.

4. The total length of the lag will be shorter, the higher the
ratio of crop output to livestock output in the region. This is
because the component lag associated with agricultural research related
to livestock production is inherently longer than that related to crop
production due to the longer gestation period of Tivestock.

5. The length of the total lag will be shorter, the higher the
level of educational attainment among farmers and farm workers in the
region. Farmers with higher levels of education are better equipped as
entrepreneurs to assimilate technical information and translate it into
efficiency gains in production.

To test these hypotheses, the regions were ranked on the basis of
their standing relative to the national norm over the 1939 to 1972
period in each of the categories described above. Kendall rank
correlation coefficients (29) between the regions ranked according to

the length of their lag and all of the categories were then ca]cu]ated.]

]The ranking of a region for any given variable was determined as
follows: First, the average regional value of the variable in question
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The results of this procedure are reported in Table XIII.

These coefficients must be interpreted quite cautiously. Ideally,
one would 1ike to employ a multiple rank correlation technique to
determine the strength-and direction of influence between the dependent
variable and the explanatory variables; such a technique would allow one
to measure the relationship between two variables while holding all
other variables constant. Unfortunately, such a nonparametric technique
is not available. This means that one is confined to the use of simple
rank correlation coefficients to investigate the relationships. Given
that these coefficients are impure in the sense that they are not
purged of the influence of all other variables, it is appropriate to
restrict the analysis primarily to an investigation of the signs of the
coefficients. Little meaning should be attached to their magnitudes.

On the basis of the signs of these coefficients, four of the five

hypotheses advanced above are not rejected. That is, regions with

was expressed as a percent of the average national value of the same
variable, that is:
1972
z
t=1939

1972

z
t=1939

where X; is the value in time t of the regional observation on the
variable in question, USt is the value in time t of the national
observation on the variable, and Y is the regional average expressed
as a percent of the national average over the 1939 to 1972 period.
Each region was then assigned a rank from one to ten on the basis of
its Y value. Regressions were also run using the Y values; however,
due to the lack of variation between regional Y values for several of
the extremely limited number of observations available, more acceptable
results in a statistical sense were obtained when nonparametric
techniques were employed. The tradeoff for these enhanced statistical
properties is that the Kendall rank correlation coefficient is not
purged of the influence of left-out variables.

(X,/34)
Y =

(USt/34)
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TABLE XIII

KENDALL RANK CORRELATION COEFFICIENTS BETWEEN REGIONAL
LAG LENGTH AND HYPOTHESIZED KEY DETERMINANTS OF
THE LENGTH OF THE LAG?

Hypothesized Correlation
Determinant Coefficient
Production-Oriented Research and -0.388
Extension Expenditures per Dollar (0.146)
of Agricultural Output in the Region
Weather Variability -0.051
(0.847)
Weather Conditions -0.409
(0.122)
Ratio of Value of Crop Output to -0.491
Value of Livestock Output in the (0.066)
Region
Level of Educational Attainment -0.307
(0.247)

ANumbers in parentheses are significance probabilities (the probability
that a correlation coefficient that large or larger would arise by
chance were the variables truly independent).
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relatively large outlays of productien-oriented research and extension
expenditures2 per dollar of agricultural output have relatively short
lags; regions with relatively good weather exhibit relatively short
lags; regions with substantial livestock production tend to have rela-
tively long lags, and regions with relatively high levels of educational
attainment among farmers and farm workers have relatively short lags.
The direction of the relationship between weather variability and
lag length is not the direction expected. The negative sign implies
that regions with relatively great weather variation exhibit short lag
lengths, even though the relationship is quite weak. Since this conclu-
sion is counterintuitive, one must be reluctant to accept it without
first seeking some other explanation for the sign of the coefficient in
question. Two possible explanations are plausible. First, it could be
that farmers in regions with great variation in the weather attach a
subjective probability to the profitability of any newly adopted tech-
nology in order to arrive at the expected value of the technology. By
mathematically adjusting for the influence of weather, the degree of
uncertainty associated with the profitability of the technology is
reduced; perhaps to the point where their ability to evaluate the

benefits from adoption of a new technology are on a par with farmers in

2Observations on the production-oriented research and extension
expenditures series for each region were constructed in accordance with
the estimated distributed lag weights for the region in question as
reported in Table XII. That is,

n
* =
5.6 7 5y BiRiute

where R§ t is the observation for region j in time period t.
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regions where the weather is quite stable. In short, as the size of
the estimated coefficient implies, it could be that there is no signi-
ficant relationship between weather variation3and lag length. The
second explanation hinges upon the manner in which the regional indexes
were constructed (see the Appendix). The procedure followed, while
being the best available alternative, was rough at best. As a result,
the regional weather data series are not as clean as one would like and
could therefore be the cause of the above counterintuitive result.

Thus far, .the analysis has been concerned with measures of the
correlation between two sets of rankings of the ten regions. It is also
possible to determine the association among more than two sets of
rankings by using the Kendall coefficient of concordance, W (30). The
coefficient of concordance is essentially an index of the divergence of
the actual agreement between the rankings as shown in the data from the
maximum possible agreement. W may take on values from 0 (indicating
perfect disagreement) and + 1 (indicating perfect agreement). With the
correction for ties incorporated the Kendall coefficient of concordance

is4

_ S
W=——
1 kK°(N" -N)-kzT
12 T
where
S = sum of squares of the observed deviations from the mean of

the sum of the ranks,

3Weather variation was measured by the standard deviation of the
weather index series for each region.

4A discussion of the Kendall coefficient of concordance and the
appropriate tests of significance can be found in Sydney Siegel (55,
pp. 229-239).
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k = number of sets of rankings, i.e., the five hypothesized
determinants plus the lag length,
N = number of entities ranked, i.e., the regions,

T = §L£$§:—£L and t is the number of observations in a group tied
for a given rank.

A coefficient of concordance was computed to determine the agree-
ment between the ranking of the regions based upon lag length and the
five sets of rankings corresponding to the hypothesized determinants.
It was found that W = 0.2915. The significance of this observed value
of W can be tested by determining the probability associated with its
occurrence under the null hypothesis that the six sets of rankings are
unrelated. It was found that the null hypothesis can be rejected at

the 10 percent level of significance. This does not indicate a particu-

larly strong relationship between the sets of rankings.

Regional Differences in the Marginal Contribution
of Production-Oriented Research and Extension

to Agricultural Production

Using the procedure developed for calculating the rate of return
to national production-oriented research and extension expenditures,
marginal internal rates of return were calculated for each of the ten
regions. The results of these calculations are presented in Table XIV.

As was the case with lag lengths, the adjusted marginal internal
rates of return vary considerably between the regions; from a high of
44,3 percent in the Pacific region to a low of 17.5 percent in the
Southern Plains region. It is hypothesized that these differential

rates of return between the regions can be explained by the following



111

TABLE XIV

MARGINAL INTERNAL RATES OF RETURN (IN PERCENTAGES) TO
PRODUCTION-ORIENTED RESEARCH .AND- EXTENSION
EXPENDITURES FOR TEN FARM- PRODUCTION
REGIONS OF THE UNITED STATES

Adjusted

) Lag Rate of Rate o%
Region Length Return? Return
Northeast 13 20.0 16.4
Lake States 14 43.0 35.2
Corn Belt 13 33.5 27.4
Northern Plains 12 28.5 23.4
Appalachian 13 28.0 23.0
Southeast 13 18.5 15.2
Delta States 10 33.5 27.5
Southern Plains 13 17.5 14.3
Mountain 10 27.5 22.5
Pacific 9 54.0 44.3

%The estimated rate of return without adjustment for bias caused by a
failure to include private sector research and extension expenditures
in the model.

bThe estimated rate of return adjusted (by a factor of 1.22 as estimated
by Evenson (17)) for private sector research and extension expenditures.
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key determinants:

1. The higher the marginal internal rate of return, the lower the
region's production-oriented research and extension expenditures per
dollar of agricultural output. This hypothesis is based upon the
assumption that regional expenditures on production-oriented research
and extension have placed the investing entity somewhere on that portion
of the production surface that is characterized by declining but
positive marginal productivity of the research and extension input.

2. The higher the marginal internal rate of return, the higher
the level of educational attainment of farmers and farm workers in the
region. Farmers with relatively high levels of educational attainment
are more likely to take full advantage of new technologies due to their
superior ability to assimilate information into the decision-making
process and act upon it.

3. The higher the marginal internal rate of return, the better the
absolute weather conditions in the region. This hypothesis again
suggests itself due to the relationship between '"good" weather and high
profitability. If a region experiences consistently good weather over
time, the level of profits earned by farmers in the region will be
consistently higher and more farmers will be in an economic position to
adopt a new technology at any given point in time than would otherwise
be the case. Thus, the benefits of the new technology will be spread
over a larger base of agricultural output.

The procedure employed to test these hypotheses is that used in
the preceding section. The regions were ranked on the basis of their
standing relative to the national norm over the 1939 to 1972 period in

the categories suggested above. Rank correlation coefficients between
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the regions ranked according to their marginal internal rate of return
and all of the categories were then calculated. The results are

reported in Table XV.

TABLE XV

KENDALL RANK CORRELATION COEFFICIENTS BETWEEN REGIONAL
MARGINAL INTERNAL RATES OF RETURN TO
PRODUCTION-ORIENTED RESEARCH AND
EXTENSION AND HYPOTHESIZED
DETERMINANTS OF THE RATE

OF RETURN2
Hypothesized Correlation
Determinant Coefficient
Production-Oriented Research and -0.114
Extension Expenditures per Dollar (0.652)
of Agricultural Output
Educational Attainment 0.270
(0.281)
Weather 0.315
(0.209)

ANumbers in parentheses are significance probabilities (the probability
that a correlation coefficient that large or larger would arise by
chance were the variables truly independent).

The hypothesis that public sector investment has reached the stage
of declining marginal productivity is not rejected by these results.
This tends to support the finding from the national data that the

marginal internal rate of return has declined over time. Also, regions
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with relatively high levels of educational attainment apparently enjoy

a relatively high rate of return to investments in production-oriented
research and extension. Finally weather, quite 1ikely operating through
its effect on profitability, would appear to play a role in determining
the marginal return to production-oriented research and extension
expenditures.

A coefficient of concordance, W, was also calculated to test the
strength of the relationship between the ranking of the regions on the
basis of their marginal internal rates of return and the rankings of
the hypothesized determinants of that rate of return. It was found that
W=0.1122. The null hypothesis that the four sets of rankings are
unrelated can be rejected at the 30 percent level of significance,

indicating a rather weak relationship between the sets of rankings.

Relative Productivity of the Regions

It would also be of interest to know if factors such as production-
oriented research and extension expenditures, weather, and education
are important determinants of the relative productivity of the regions.

In an attempt to shed some light on this question, the regions
were ranked according to their productivity over the 1939 to 1972 period
relative to the productivity of the United States. The results of this
ranking are shown in Table XVI.

The regions were similarly ranked according to the following three
factors: absolute weather conditions, level of educational attainment
among farmers and farm workers, and production-oriented research and
extension expenditures per dollar of agricultural output. Correlation

coefficients were then calculated. The results of these calculations

are shown in Table XVII.
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TABLE XVI

NG OF THE REGIONS ACCORDING TO THEIR PRODUCTIVITY
RELATIVE TO THE NATIONAL NORM: 1939-1972

Region Rank (1 = "best" performance)
Northeast 2
Lake States 7
Corn Belt 9
Northern Plains 1
Appalachian 10
Southeast 5
Delta States 6
Southern Plains 3
Mountain 4
Pacific 8
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TABLE XVII

CORRELATION COEFFICIENTS BETWEEN THE REGIONS RANKED
ACCORDING TO RELATIVE PRODUCTIVITY AND
HYPOTHESIZED DETERMINANTSA

Hypothesized Correlation
Determinant Coefficient
Educational Attainment 0.244
(V.325)
Production-Oriented Research and 0.135
Extension Expenditures per Dollar (0.590)
of Agricultural Qutput
Weather -0.111
(0.655)

&Numbers in parentheses are significance probabilities (the probability
that a correlation coefficient that Targe or larger would arise by
chance were the variables truly independent).

The correlation coefficients behave for the most part as one would
expect. Based upon the signs of coefficients, the conclusions suggested
by them are as follows: regions with relatively high levels of educa-
tional attainment exhibit relatively high productivity; and regions
which expend relatively large sums on production-oriented research and
extension per dollar of agricultural output are rewarded with relatively
high productivity.

The puzzling result emerging from these calculations is the sign
on the coefficient between relative productivity performance and
absolute weather conditions in the region. Interpreted literally, the

negative sign implies that regions with the poorest weather conditions
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over the 1939 to 1972 period experienced relatively high productivity,
other things constant. The only sensible interpretation of this result
is that it is an artifact of the technique used to construct the
regional weather indexes.

The coefficient of concordance, W, between rankings based on
relative productivity performance and the hypothesized determinants was
found to be .1033. Therefore, the null hypothesis that the four sets
of rankings are unrelated can be rejected at the 30 percent level of
significance. As was the case with the other coefficients of concor-
dance, the relationship between the sets of rankings appears to be
rather weak. This is quite possibly due to the inferiority of the

regional data relative to the data for the U. S.



CHAPTER VII

SUMMARY AND CONCLUSIONS

The specific objectives of this study were to:

1. Develop a theoretical framework in which the contribution to
agricultural production of identified sources of productivity change
could be conceptualized and confront this framework with data;

2. Examine the role of the public sector in stimulating technical
change in agriculture, with particular emphasis on evaluating the form
of the time lag between public investment in research and extension
activities and the ensuing contribution to agricultural production;

3. Evaluate the rate of return to public sector agricultural
research and extension expenditures;

4. Examine the regional impact of public sector research and
extension expenditures with an eye towards explaining the differential
rates of return to these public investments, the differential levels of
productivity and the differential time forms of the research and
extension-output relationships between the ten farm production regions
of the U. S. defined by the USDA.

5. Formulate, based upon empirical results of this study, public
policy implications regarding investments in agricultural research and
extension.

Each of these objectives and the conclusions emerging from the

pursuit to accomplish them are considered below.
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The Theoretical and Empirical Frameworks

In Chapter III, a theoretical model was developed for explaining
the behavior of aggregate agricultural productivity over time. Pro-
ductivity change was defined as changes in output per unit of time which
cannot be explained by changes in the quantities of inputs employed per
unit of time. Two major sources of productivity change were defined;
sources whose impacts on productivity are made by increasing the stock
of knowledge regarding the industrial arts, i.e., sources of technical
change; and sources whose impacts on productivity are made by altering
the physical and/or economic environment in which production takes
place.

Specific sources of technical change that were identified include
the educational attainment of farmers and farm workers (E) and
production-oriented research and extension activities (R). This latter
specific source refers to activities that are conducted in an effort to
bring about technical change in agriculture by enhancing the state of
the industrial arts and the application of these arts. It was hypothe-
sized that production-oriented research activity does not immediately
bear fruit in terms of improvements in the techniques of agricultural
production. Rather, the time form of the total lag between production-
oriented research and extension activities and growth in agricultural
productivity is the convolution of several individual lags: the lag
between the time funds are invested in research and the time inventions
actually begin to appear; the lag between the invention of an idea or
device and its development to a commercially applicable stage; the lag

between the development of a commercially applicable idea or device and
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its extension to potential users and their subsequent adoption of the
idea or device due to irrelevance or obsolescence. This hypothesized
time form of the effect of production-oriented research and extension
activities on agricultural productivity resembles an inverted U.

Other sources of productivity change in agriculture that were
identified include the weather (W) and nonproduction-oriented research
and extension activities (0). Nonproduction-oriented research and
extension activities are those activities which seek to improve agri-
cultural productivity by favorably altering the physical and/or economic
environment in which production takes place, as well as to enhance
consumer welfare.

Based upon these observations, the productivity change model was

specified as

n 8. B B B . W
o i n+l nt2 "nt3 't

where
P, is the value of the official USDA aggregate productivity
index for agriculture in time t,

R, . 1is a distributed lag function of public sector production-
oriented research and extension expenditures in the current
period and n preceding periods,

0, s public sector nonproduction-oriented research and extension
expenditures in the current time period,

E, 1is the value in the current period of an index of educational

attainment of farmers and farm workers,

is the value in the current period of a weather index.

To confront this theoretical framework with data, observations

on each of the variables for the 1939 to 1972 period were collected.
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The fitted equation developed in Chapter IV was

N n ~
Tn P, -51nP | = L% (TnRy_; - 5 Tn R

* B4 (Tn 0t -0 1n 0t—1)

t-i—1)

+ 84, (InEy - o 1n Eyp)

* g (M =0 Wp_q) + Uy -0 Up
where o is the estimated first-order autocorrelation coefficient and Ut
is the disturbance term.

The Almon technique (3) was used to estimate the distributed lag
coefficients, and Durbin's two-stage procedure (15) for estimating the

p parameter was employed.

The Role of the Public Sector in Stimulating

Productivity Change in Agriculture

From the estimation of Equation (7.2), it was concluded that
nonproduction-oriented research and extension expenditures do not contri-
bute significantly to changes in agricultural productivity. Therefore,
this variable was dropped from the model.

It was further concluded that a "dose" of production-oriented
research and extension expenditures injected in year t will affect
agricultural productivity in year t and continue to affect it for the
following 13 years. The hypothesized time form described above was
exhibited by the estimated distributed lag weights; the weights followed
the shape of an inverted U. The contribution of a dose of production-
oriented research and extension expenditures to agricultural productiv-
ity is relatively small in the early years, builds to a maximum, and

declines thereafter.
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The positive and statistically significant sum of the distributed
lag weights suggests that a one percent increase in production-oriented
research and extension expenditures will, over its lifetime, bring
about a .037 percent increase in productivity. This implies an undis-
counted marginal product of approximately $4.30 for each additional
dollar spent on R, or a discounted marginal internal rate of return of
about 26 percent. An adjustment for the influence of private sector
research and extension lowers this rate of return to about 22 percent.
In addition, it was found that the marginal internal rate of return to
production-oriented research and extension expenditures has been declin-
ing over time; from 30.5 percent for the 1939 to 1948 period to 23.5
percent for the 1969 to 1972 period.

The level of educational attainment of farmers and farm workeré
and weather were also found to have significant influences on agricul-

tural productivity.

Evaluation of the Rate of Return to Public
Sector Production-Oriented Research and

Extension Expenditures

The rate of return to public sector production-oriented research
and extension expenditures can be evaluated on the basis of three
criteria. First, it can be compared to a rate of interest that presum-
ably reflects the opportunity cost of capital in the economy. Second,
it would also be of interest to know if the (declining) marginal
internal rate of return is above or below the average internal rate of
return. Third, a comparison can be made between the estimate obtained

in the present study and estimates from earlier studies.
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Determining the "correct" rate for discounting public investments
has been one of the most controversial topics in the theory of public

1 There currently exist at least three schools of thought on

finance.
the subject, each of which is briefly considered below.

The "social rate of time-preference" school of thought is based on
the argument that the government must have a longer time-horizon than
individual citizens, since the government must be concerned with pro-
viding capital goods and services for as yet unborn generations. Since
individuals' time-horizons are shorter than those of the entire society,
they cannot be relied upon to express society's preferences for future
capital goods. Instead, the government must make a decision about the
social rate of time-preference and use that rate to discount the invest-
ments it makes. The rate most often cited as filling this role is the
long term government borrowing rate, which is about 7 percent at the
time of this writing.

The second school of thought evolved when, during the 1960's, some
economists began to argue that government investments withdraw resources
from the private sector and that the correct discount rate for the
government to use is the opportunity cost of capital in the private
sector. According to Singer (56, p. 256), if capital markets function
efficiently, the opportunity cost of capital in the private sector can

be most easily measured as the pretax rate of return in the corporate

sector (currently about 15 percent).

]The Joint Economic Committee Compendium contains two papers on the
selection of the "correct" discount rate: William J. Baumol's "On the
Discount Rate for Public Projects" and J. Hirschleifer and David L.
Shapiro's "The Treatment of Risk and Uncertainty." An overview of the
controversy is presented by Neil M. Singer (56. pp. 237-247).
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The final school of thought argues that the government uses
resources that would not otherwise have been made available for invest-
ment and that the opportunity cost of capital in the private sector is
therefore irrelevant. Instead, the appropriate discount rate should be
determined by the sources of government funds. In other words, a
determination of where the government's investible funds come from must
be made, along with the opportunity cost in each of these alternative
uses. An average of these opportunity costs must then be constructed,
weighted by the proportions of total government investment financed from
each source of funds. Krutilla and Eckstein (32) have estimated this
rate at 5 to 6 percent in a period of low interest rates. More recently,
Eckstein has put the weighted average of opportunity costs at about 8
to 9 percent.2 According to Singer (56, p. 242), this source of funds
rule generally yields a lower discount rate for public investment than
the private opportunity cost rule.

It is not the goal of this section to argue the relative merits of
the three approaches to determination of the "correct" discount rate.
Consideration of the controversy is appropriate for the present study
only in that it provides a range of discount rates against which the
marginal internal rate of return to production-oriented research and
extension expenditures can be compared.

The discount rates proposed above vary from a Tow of about 7
percent to a high of 15 percent. The estimated marginal internal rate
of return to public production-oriented research and extension expendi-

tures, about 19 percent over the 1969 to 1972 period adjusted for the

2Statement of Otto Eckstein (66, pp. 50-57).
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influence of private research and extension expenditures, compares
favorably with this range. Apparently, continued public sector invest-
ment in production-oriented research and extension remains desirable,
even though the return to this investment appears to be declining over
time.

As a second means of evaluating the marginal internal rate of
return, one can consider its relationship to the average internal rate
of return in recent years. Employing the "value of inputs saved"
technique and Equation (2.1) as explained in Chapter II, the average
internal rate of return for the 1969 to 1972 period is approximately
30 percent as compared to a marginal internal rate of return adjusted
for private research and extension expenditures of about 19 percent over
the same period. Based upon these calculations, one can conclude that
the public sector is presently operating in that stage of the "produc-
tivity production function" which is characterized by declining but
positive marginal product and marginal product less than average product.

Finally, consider the comparability of the estimate obtained in
the present study to those estimates of the marginal internal rate of
return cited in previous efforts. Of the studies discussed in Chapter
IT, only two yield results which are directly comparable to the marginal
internal rate of return estimated in the present study: Griliches'
aggregate production function study (23) and Evenson's productivity
index study (17). As interpreted by Peterson (48), their estimates of
the rate of return are about 53 percent and 48 percent respectively,
adjusted for private research and extension expenditures. These esti-
mates are obviously much higher than the 22 percent rate of return

obtained in this study.
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The difference between the estimates is traceable to three major
factors. First, there is a difference in the periods considered:
Griliches employed cross-section data from the years 1949, 1954, and
1959; Evenson's time series data spanned the 1938 to 1963 period. The
present study, on the other hand, spans the 1939 to 1972 period. Since
the marginal internal rate of return has been declining over time,
inclusion of the more recent years would tend to lower the estimate for
the entire period.

Second, there are major differences between the studies in the
manner in which observations on the research and extension variables
were constructed. Griliches' measure of the variable includes only the
sum of the expenditures of the state agricultural experiment stations
and the extension services. He also uses an admittedly crude lag struc-
ture. Evenson's measure of the variable is much more similar to the
measure used in the present study in that the expenditures of essen-
tially the same public agencies were included. He alsosubmits that his
study "focuses on the contribution of only that research and extension
effort directed toward increasing production of food and fiber at the
farm level" (17, p. 4), i.e., production-oriented expenditures. However,
it is never clearly explained by Evenson exactly how production-oriented
expenditures were distinguished from nonproduction-oriented expenditures.
He does suggest that, in ]965, "roughly 40 percent of the research by
public and private agencies directed to agriculture was not directly
designed to increase farm production" (17, p. 4). If this 40 percent
rule was applied to expenditures in each year over the 1938 to 1963
period in order to obtain data on production-oriented research and

extension expenditures, Evenson's measure would be significantly
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different than that of the present study, since production-oriented

expenditures in each year were determined independently in the latter.
Finally, the differences in the estimates of the internal marginal

rate of return could be due to what are hopefully the more refined

techniques of estimation employed in the present study.

The Regional Impact of Public Sector Research

and Extension Expenditures

Data for the 1939 to 1972 period on each of ten farm production
regions of the United States were also collected and run against a
model similar to that shown in Equation (7.2). Unfortunately, the
quality of the regional data was not on a par with that of the national
data. Therefore, the conclusions emerging from the regional analysis
are not as firm as those regarding the U. S. as a whole.

The total length of the production-oriented reseach and extension
lag was found to range from a low of 9 years for the Pacific region to
a high of 14 years for the Lake States region. This length is apparently
directly related to the ratio of the value of crop output to the value
of livestock output in the region, and indirectly related to the level
of production-oriented research and extension expenditures per dollar
of agricultural output in the region and the level of educational
attainment of farmers and farm workers.

The marginal internal rate of return to production-oriented research
and extension expenditures also varied significantly between the regions,
ranging from a high of 54 percent in the Pacific region‘to a low of 17.5
percent in the Southern Plains region when no adjustment is made for

private sector research and extension expenditures. Determinants of
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this rate of return appear to be weather conditions in the region,
production-oriented research and extension expenditures per dollar of
agricultural output, and the level of educational attainment. The
better the weather conditions in the region, the higher the rate of
return; the higher the level of educational attainment among farmers the
higher the rate of return; and the lower the production-oriented
research and extension expenditures per dollar of agricultural output,
the higher the marginal internal rate of return.

An attempt to explain the observed differential levels of produc-
tivity between the regions yielded the following conclusions: regions
with relatively high levels of educational attainment and regions which
expend relatively large sums on production-oriented research and exten-
sion per dollar of agricultural output are rewarded with relatively high

productivity.
Public Policy Implications of the Study

The implications game is a tricky one. There exists at one and
the same time a desire to draw as many recommendations from the study as
possible and also an obligation not to violate the boundaries of the
analysis. The persuasion of the author is to play the game on the con-
servative side; only those implications which are firmly grounded in
the analysis will be advanced in this section.

This study indicates that the marginal internal rate of return to
production-oriented research and extension expenditures by the public
sector has been declining over time. It now appears to be around 20
percent. While this is still relatively high, the strong likelihood

that it is approaching the social discount rate indicates that public



129

administrators must become more attuned to the specific research program
areas they seek to fund. While it is apparently the case that aggregate
agricultural research expenditures are a socially desirable investment,
the same claim for each and every research program area must be increas-
ingly questioned in the future. Additional studies on specific areas of
agriculture such as beef, soybeans, and wheat would be most helpful in
this process°3

Public administrators would also be well-advised to remember that
there is a rather lengthy lag between the time research funds are
appropriated and the time agricultural productivity is affected. This
increases the need for reliable projections of key determinants of
agricultural productivity. The role of probabilistic forecasting is
particularly critical at the present time in 1ight of the fact that, for
the first time in recent history, researchers engaged in activities
affecting the future state of the arts in agriculture are finding their
research bounded by resource and social constraints.4

Another implication of the present study, as well as previous
studies, is that growth in aggregate agricultural productivity is some-
what insensitive to increased production-oriented research and extension
expenditures. It has been estimated in the present study that a one

percent increase in R leads to only a .037 percent increase in

3The National Economic Analysis Division, Economic Research
Service, USDA is currently studying productivity change in the U. S.
and the ten farm production regions as it relates to crop production
and livestock production.

4This statement is based upon a series of interviews conducted with
professional researchers in the Agricultural Research Service, the
Economic Research Service, the Extension Service, and the Cooperative
State Research Service during November, 1974.



130

productivity. Given the stock of knowledge regarding the industrial
arts in agriculture upon which further research is building, this rather
low sensitivity is not surprising. This is particularly true when one
remembers that a primary goal of present agricultural research is to
maintain the status quo, i.e., to maintain the present stock of know-
ledge in the face of new environmental constraints, new pests, etc. As
might be expected, the variable which exerts the most influence over
agricultural productivity in any given year is the weather; a variable
over which public administrators hold no contro].5

Nonproduction-oriented research and extension expenditures cannot
be justified on the grounds that they significantly influence agricul-
tural productivity, based on the historical data employed in this study.
Rather, the justification for these large expenditures must be found in
enhanced consumer welfare, enhanced quality of life, or other such
sources of social benefits.

Finally, there are significant differences in the rates of return
to production-oriented research and extension expenditures between the
regions. This means that there are greater social benefits to be gained
by investing in some regions rather than others. In particular, those
regions with relatively high rates of return should receive relatively
large injections of production-oriented research and extension expendi-

tures.

5The elasticity of productivity with respect to weather is .2 when
the weather index is at its mean of 101.57. This elasticity times the
coefficient of variation of the weather data series yields .034. The
elasticity of the education index, on the other hand, is .78, which,
when multiplied by the coefficient of variation of education, yields
.026. Finally, the elasticity of productivity with respect to production-
oriented research and extension expenditures, .037, times its coefficient
of variation is only .002.
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APPENDIX

DATA

Contained in Tables XVIII through XXVIII are the basic time series
data for the United States and the ten U. S. Department of Agriculture
(USDA) farm production regions shown in Figure 11. As inferred by this
figure, data pertain to the 48 contiguous states unless otherwise noted.
The omission of Alaska and Hawaii in this study results from the fact
that this is the form in which some of the data are reported by the
USDA. This is not a serious omission, however, for in 1971 only about
0.2 percent of the total number of farms in the 50 states were in Alaska
and Hawaii and they contained only about 0.4 percent of the land in
farms (75, p. iii).

Data on the expenditures of the various public sector agencies
under consideration are reported for the 1929 to 1972 period. Observa-
tions on all other series begin in 1939. This difference in the periods
spanned by the data is a consequence of the estimating form of the
empirical equations selected as being most representative of the rela-
tionship between research and extension and productivity. That is, use
of lagged values of production-oriented research and extension expendi-
tures requires that earlier observations on this series be available in
order to retain as many degrees of freedom as possible.

Empirical examination of the theoretical framework developed in

Chapter III of this study gives rise to one problem which directly
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Source: Economic Research Service (17, p. ii).

Figure 11. The Ten Farm Production Regions of the United States as Defined by the
Economic Research Service, USDA
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TABLE XVIII
TIME SERLES DATA, 48 CONTIGUOUS STATES

Faste]

NONPRODUCT TIN-
PRODUCTION-ORIENTED PUBLIC ORIENTED PUBLIC SECTOP RESEARCH
usDA EDUC A~ SECTOR RESEARCH AND EXTENSION EXPENDITURES AND EXTENSION EXPENDITJRES

PRODUCT~ TICONAL (CURRENT DOLLARS 000) (CURRENT DOLLARS 000)

IVITY ATTAIN- e e ——— et —— e ——— e L Dl S e e e s dea e —m————————a -

INDEX MENT WEATHER
YEAR (1967=100) INDEX INDEX ARS ERS SAES sCs CES ToTAL APS ERS CES TOTAL
1929 7015 267 14976 G 12968 35246 13909 730 10041 24680
193¢ 8219 326 l6l62 (o} 13670 38377 19928 174 10524 312295
1931 9384 354 16264 ¢ 13871 39373 16104 1142 11488 28734
1932 9910 450 16123 0 12582 39065 13329 1138 10980 256447
1933 3049 351 14097 2 11491 33988 12347 1094 10396 23837
1934 7002 297 13312 (] 13017 33528 14310 881 6736 21927
1935 7367 328 13700 a 11105 32500 12899 879 9123 22901
1936 8466 343 14876 4851 16658 45194 13812 1033 11339 26184
1937 8606 342 15967 19119 16193 60227 14719 1040 13464 29223
1938 9116 156 17923 19108 16437 62740 17446 530 14753 328?29
1939 60.00 9% .6 98.1 3284 215 18662 19224 16743 54128 25574 581 15239 41364
1940 62.00 96 .0 8641 9101 1062 19211 19580 16637 65551 25584 1974 15850 43408
1941 64.00 97 4 107.1 88438 1577 20227 15351 16866 62869 23634 2929 16076 42539
1942 69. 00 98.8 111.8 9250 1340 22181 18490 137C6 64367 23749 2392 20220 46361
1943 68.00 100.2 101.7 9137 1165 21578 20562 13898 66340 18206 1449 23504 40159
1944 69.00 10l .6 101.0 8960 1163 231382 21033 13978 68321 13974 1235 21680 41859
1945 70,00 103.0 106.8 10189 1044 24221 26297 14679 76430 18973 1331 22768 43072
1946 72.00 104 .4 100.8 11525 1440 28546 31806 18036 91353 19333 880 25634 45947
1947 70.00 105.8 96.5 13733 1267 35434 41617 21415 113466 39666 1230 31331 12227
1948 76.00 107.2 118. 4 14767 1011 44129 36471 23943 120321 53994 982 35031 9Cceo7
1949 73.0¢ 108.6 93.9 15858 1104 50043 45085 25855 137945 28782 1040 384062 68284
1950 73.00 110.0 102.3 18978 1367 58475 49676 28758 157254 17264 1247 42958 121469
1951 73.00 113.0 10C.9 19187 1356 62794 49831 29323 162431 38077 1iiy 44312 84108
1952 76400 116.0 95.8 19879 1256 69536 52050 30866 173587 40442 1003 47474 88913
1953 77. 00 118.0 95. 6 21873 851 12356 54682 30200 179962 4191¢ 3774 52540 98233
1954 78.00 119.0 S6.1 23177 863 80297 54268 31658 190273 41145 34984 55813 1008642
1955 81.00 120.0 104.2 24983 998 87831 52062 35792 201666 37846 5106 651469 104621
1956 82.00 121.0 89. 4 27648 1361 100C91 55599 38848 223547 63278 5652 67585 137215
1957 83.00 122.0 103.2 37967 1421 108989 59141 42311 249829 66209 6445 72619 145633
1958 89.00 124.6 113.8 42652 1570 124765 66357 46510 281854 95939 7197 81265 184401
1959 90.00 129.5 96.0 45123 1589 130455 71825 47170 296162 96945 7450 84224 188629
1960 93.00 129.2 108.2 46390 1579 141055 75014 48336 312374 94261 7211 89117 150589
1961 94,00 131.0 102.3 53C34 3175 145432 81185 51152 333978 99784 5822 97973 203585
1962 95.090 133.0 9T7.4 56261 3277 156222 88900 56659 361325 123305 4913 93148 2063066
1963 98.00 134.0 105.1 58624 3079 165847 93260 59885 380655 116985 6653 104184 227632
1964 97. 00 135.0 101.2 63277 3360 187008 96512 62852 413009 128542 6656 110253 245471
1965 100.00 138 .8 104.3 75945 4788 205864 103165 56685 456447 132427 5350 117C1l9 254796
1966 97.00 142.6 101l.4 86742 5069 224722 108475 72621 4975269 115096 6257 125888 2646241
1967 100.00 146 .4 100.5 93037 5899 234021 111265 75785 520007 129287 6223 131844 267254
1968 101.00 150.3 1062.7 101308 5718 264457 113974 802G 2 565659 136962 7551 138928 283441
1969 101.00 153.7 103.8 107742 6576 278553 117697 86772 597340 144254 6477 143332 299113
1970 101.00 157.2 96.9 100037 6854 301118 131094 195410 644513 167228 8936 177949 354111
1971 108.00 161.6 105.0 119020 7625 324692 138874 120246 710457 163812 7592 200410 371814
1972 109. 00 16640 105.1 126032 7622 348266 16683C 130263 779013 231792 9635 214349 455775
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TABLE XIX
TIME SERIES DATA, NORTHEAST REGION

NONPRODUCT 12N~

PFODUCT ION-JPIENTED PUBLIC JRIENTED PUBLIC SECTUR FESEAFCH
USDA EDUCA- SECTOR RESEATCH AND EXTENSTION EXPENDITURES AND EXTENSTON EXPENDITURES

PRODUCT~ T IONAL (CUZCENT DOLLARS 007} (CIRRENT DOLLARS 000}

IviTY ATTAIN- = —=resmr e cecec o rcmemcc—cscscomos e — s Sesses—emee—e—eo- - me—eme—e—ena~

INDEX MENT WEATHE®
YEAR (1967=100) INDEX INDEX ACS ERS SAES SCs CES TOT AL AFS £=S CES TOTEL
1925 112 4 2964 ¢ 2526 5606 223 12 1953 2183
1930 148 6 3657 2 2651 64662 359 14 2041 2414
1931 188 7 4192 2 2682 1367 322 23 2222 2567
1932 218 ic 4171 0 2629 7028 293 25 2294 2€12
1933 193 8 3965 o] 2595 o761 290 26 2347 2653
1934 182 2 3335 3 2771 6296 372 23 l434 1829
1935 206 9 3281 [} 2299 5795 361 25 1838 22174
192¢ 254 12 3472 406 28¢3 70C5 414 31 1949 239%
1937 275 11 3572 1429 2719 8106 471 33 2261 2765
1938 310 5 3871 1523 2794 - 8503 533 21 2508 3122
1939 54. 48 94.1 101.5 344 8 4109 1573 2821 8855 946 21 2562 3529
1940 55.90 95.5 87.6 355 41 4121 157¢ 2758 8851 998 17 2619 3694
1941 55.62 96 .9 101.7 363 65 4238 1189 2758 8613 969 120 2628 3717
1942 59. 84 98.3 100.5 398 58 4202 1270 2223 8143 1021 103 3280 4404
1943 59.04 99.7 93,4 420 54 4176 1399 2187 8236 837 67 3227 4131
1944 60473 101.1 88.8 430 5€ 4486 1369 2196 8537 911 58 3425 437%
1945 6l.19 122.5 93.7 509 52 46906 1695 2311 9264 944 57 3585 4501
1946 66.45 103.9 183.7 622 78 5218 2446 2670 11034 1044 53 3795 4832
1947 654 42 105.3 101.0 810 75 6109 3599 3356 13949 2340 73 4910 7323
1948 66.89 106.7 116.8 930 64 7236 3078 3720 152728 3402 52 5443 8907
1949 66.97 108.1 100.8 1078 15 8639 3806 3742 17340 1957 71 5567 7595
195¢C 68.00 109.5 118.6 1366 98 9776 4289 4115 19644 5563 90 6148 11801
1951 65.00 112.5 115.5 1477 104 10247 4135 4291 20254 2932 8k 6572 9530
1952 69.00 11545 1C1.0 1610 102 10961 4285 4512 21474 3276 31 6941 10293
1953 73.00 117.5 1¢2.1 1881 73 12193 452¢ 4543 23218 3605 325 7904 11834
1954 75.00 118.5 1C6.9 2086 78 13159 4579 4718 24620 3703 350 8314 12267
1955 75.00 119.5 1C8. 4 2373 95 14494 3938 5329 26229 3595 435 9153 13233
1956 79.00 120.5 $5.2 2571 127 154491 4193 5753 28140 5952 526 12028 le484
1957 78.00 121.5 103,2 3455 129 17338 4533 625¢ 31711 6025 586 10790 17401
1958 85, 00 1241 116. 4 3753 138 18643 5326 6724 34534 8443 633 11748 20824
1959 85.00 129.2 94.9 3881 137 19764 5837 1002 356521 8337 042 12532 21481
1960 89.00 128.7 111.9 3897 133 20198 5942 6956 37126 7918 696 12618 21442
19€1 92. 00 13G.5 1C65.6 4296 257 21201 6281 7231 39266 8083 472 13852 22477
1962 839.20 132.5 89.2 4445 259 23002 6872 8225 427583 8161 383 14214 22753
1963 91,90 133.5 9543 4514 231 23584 77 8748 44280 9008 512 15254 24775
1664 93.0¢C 134.5 94.8 4682 249 28530 7397 9237 50035 9512 492 iozicC 206215
1965 96.90 138.3 98,9 5468 345 30984 1877 9806 53582 9535 335 17205 27129
1966 92,00 142.1 S0. 1 6072 355 31643 8252 10356 56678 8057 433 13¢35 26537
1967 19¢0.00 145.9 160.5 6233 395 34875 84306 12840 60730 866¢ *17 18859 27938
1968 95.0C0 149.8 93.8 6585 372 40409 86l4 11635 &7615 8903 491 20154 29543
1965 99. 00 153.2 $7. 0 6788 414 43822 8868 12287 72179 9188 408 21012 20538
19790 102.20 156.7 96.9 6102 413 4459 9849 L5714 36542 10201 545 26529 37275
1971 103.00 161.1 93.7 1022 450 48066 10405 18380 B4323 9665 448 30634 4C747
1512 93.0CC 165.5 768.4 7058 427 5154C 12467 19636 9112%8 12989 547 32511 45831
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TABLE XX

TIME SERIES DATA, LAKE STATES REGION

UsDA
PRODUCT=

Ivity

INDEX

EDuCA-

TIONAL

ATTAIN~
MENT

YEAR (1967=100) INDEX

WEATHER
INDEX

1929
193¢
1931
1932
1933
1934
1935
193¢
1937
1938
1939
1940
1941
1942
1943
1944
1945
1346
19417
1948
1949
1950
1951
1552
1953
1954
1955
1956
1957
1958
1959
1960
1961
1962
19€3
1364
1965
1966
1967
1968
196S
1972
1971
1972

62.89
65.00
63,79
68.86
66.40
66, CE
70.69
72.20
7C. 67
16.79
75.71
75.00
17.0C
80. 00
80.00
31.00
82,00
86.00
87,00
91.C0
93.00
94400
99,00
97.00
102. 00
99.00
98.00
121. 00
190.0¢C
102.00
99.00
102.00
107.00
107.00

95.1
9645
97.9
99 .3
100.7
102.1
103.5
104.9
106.3
107 .7
109.1
110.5
113.5
116.5
118.5
119.5
120.5
121.5
122.5
125.1
130.0
129.7
131.5
133.5
134.5
135.5
139.3
la3.1
146 .9
150.8
154.2
157.7
162.1
166.5

98.1
87.6
96. 4
102.1
S84
84.2
96.9
87.7
B83.1
104.2
87.0
59.3
102.4
97.1
95.6
100.2
107.0
95.2
109.9
113.8
97.1
109. 4
104.5
97.4
105.1
96,9
96.0
103.4
1C0.5
105.7
1C6.7
102.6
107.8
1C5.1

PRODUCT ION-ORIENTED PUBLIC
SECTOR RESEARCH AND EXTENSION EXPENDITURES
(CURRENT DOLLARS 000)

ARS ERS SAES SCs
260 10 1414 [
312 12 1483 o
357 12 1497 ]
3717 17 1462 0
306 13 1226 2
213 12 1343 <l
287 12 1270 J
330 13 1419 235
336 13 1465 Tat
365 6 1600 889
3 9 1895 833
364 42 1686 904
354 63 1770 888
379 55 1843 1087
375 48 1354 1172
367 43 1895 1254
4l8 43 2043 1632
507 63 2582 1749
659 61l 3205 2967
753 52 4153 181%
872 61 4849 2447

1101 79 5342 2703
1190 84 5995 2692
1292 82 6925 2845
1509 59 7330 2981
1669 62 7709 2987
1924 77 8481 2965
2157 166 10039 3233
2999 112 11233 3545
3455 127 11982 4053
3700 13¢ 12657 4497
3850 131 13535 4957
4508 2710 13r41 5477
4838 282 14741 5882
5100 268 15337 6241
5632 299 16607 6528
6835 431 18345 7046
7894 461 20084 T477
8559 542 21454 7735
9523 5317 21955 7986
10235 625 23641 8308
9604 658 27747 9319
11545 740 29304 9936
12477 755 30861 12011

CES

925
1020
1078

930

#50

903

780
1174
1216
1218
1248
1202
1238
1004
1059
1004
1107
1406
1528
1793
2014
2213
2211
2418
2437
2562
3051
3278
3662
3g98
3951
4694
4176
4628
486S

5139
5509
583g
6447
6709
7424
9034

10330
11173

2609
2827
2345
2786
2525
2531
2450
3175
3716
*4078
4272
4198
4313
4368
4508
4568
5243
6307
7520
8565
10243
11438
12172
13566
14316
14989
16499
18813
21551
23515
24935
27167
23222
30371
31815
34205
38166
41754
44738
46710
50233
563062
61855
67217

NONPRODUCT 1IN~

ORIENTED PUBLIC SECTOR RESEARCH
AND EXTENSION EXPENDITJRES
(CUFRENT DOLLARS 000)

1257
1571
1547
1361
1239
1053
177
1373
16295
1817
21173
2243
2242
2552
2368
2385
2851
2893
4344
5427
4637
7859
5816
6%12
7391
7757
8545
11134
12055
15166
15615
1714
16843
17325
1923)
21050
22065
21243
23682
25205
27015
32162
33844
422817

evl



TABLE XXI
TIMES SERIES DATA, CORN BELT REGION

PRODUCTTION=TDRI ENTED PUBLIC

NONPPODUCT IGN-
ORTENTED PUBLIC SECTOR RESEARCH
AND EXTENSTON ZXPENDITJ?ES
(CURPENT DOLLARS 200)

Uspa EDUCA- SECTOP RESEARCH AN) EXTENSION EXPENDITURES
PRODUCT~ T IONAL (CURRENT DOLLARS 000)
IVITY ATTAIN-
INDEX MENT WEATHE®

YEAR (1967=100) INDEX INDEX A°S EFS SAES SCS CES TOTAL ARS

1929 288 11 2979 0 2270 5548 570
193¢ 370 15 2750 2 2368 5503 g8a7
1931 469 13 2456 c 2383 5326 825
1932 535 24 2596 0 2112 5267 720
1933 467 20 1872 0 1856 4225 716
1934 434 18 2233 0 2151 4836 887
1935 494 22 2214 c 1851 4581 B64
1936 601 24 2350 660 2725 6360 981
1937 645 26 2457 2285 2641 8054 1104
1938 720 12 3014 2187 2692 3625 1378
1939 64,63 94.0 101.5 780 18 2961 2128 2739 8526 2148
1940 62,83 9544 8le7 801 93 3079 1972 2755 8700 2251
1941 66435 96.8 105.3 814 145 3502 1596 2796 8853 2174
1942 71.77 98.2 105.3 897 130 4995 1622 2246 8330 2304
1943 70.17 99.6 96.7 923 118 3598 1820 2269 8728 1839
1944 68.20 101.0 67.2 941 123 3819 1940 2215 EREL] 1992
1945 69.96 1C2.4 93.7 1111 114 3728 2384 2434 9771 2068
1946 76.31 103.8 99.3 1245 156 4421 3149 2949 1192¢C 2088
1947 64.28 105.2 69.8 1456 134 5902 4412 3378 15282 4205
1948 81.08 10646 124.7 1551 106 6574 4064 3964 16259 5669
1949 75. 10 108.0 92.5 1649 115 6913 5149 4085 17911 2993
1950 74 .00 109 .4 87.5 1955 141 8549 5113 4346 20764 7958
1951 72.00 112 .4 B3¢ 4 1957 138 918% 5828 4340 21452 3834
1952 T6. 00 115.4 84.0 1988 126 10770 6087 4643 23614 4044
1953 75.00 117.4 79.9 2165 84 10843 6428 4500 24720 4152
1954 76.00 118.4 83.9 2271 85 12018 6205 4688 25267 4032
1655 79.00 119.4 91.5 2423 97 11788 6241 51€5 25714 3671
1956 82.00 120 .4 77.8 27137 135 14473 6641 5728 29714 6334
1957 82.00 121.4 89.8 3835 144 14516 7274 6331 31900 6687
1958 38.00 124.0 97.9 4393 162 17218 8085 7945 37303 9882
1959 9C.00 128.9 84.8 4738 167 17213 8303 6733 37654 10179
196C 93.00 128.6 98.4 4917 167 18753 9009 6921 39767 9992
1961 94.00 130.4 95.6 5728 3432 18932 9809 1340 42152 10777
1962 94.00 132.4 90.2 6189 360 20640 10329 8329 463417 11364
16¢€3 99,00 133.4 100.8 6566 345 21640 11339 8915 48855 13102
1964 95.00 134.4 92.7 7214 383 26443 11814 9323 55177 14654
1965 100.00 138.2 101.2 8810 555 29274 12656 9784 61079 15362
1966 96.C0 142.0 98.3 10149 593 32106 13336 10656 66840 13466
1967 100.00 145.8 1€0.5 11071 102 30783 13705 11346 67607 15385
1968 99.00 149.7 102.7 12258 692 37324 14065 12601 76941 16572
1969 97.C0 153.1 104.8 13252 809 36894 14549 13696 79200 17743
1970 92,00 156.6 90.2 12505 857 42070 16232 15864 87528 20904
1971 107. 00 161.0 108.7 14997 961 47764 17222 18282 99226 20640
1972 106.00 165.4 109.7 16132 976 53458 20719 19672 110957 29669

EBS CES TOTAL
30 1755 2355
35 1€23 2755
57 1974 2836
61 1843 2624
63 1638 2457
55 1113 2055
59 1521 264%
73 1855 2903
78 2196 32713
50 2417 3845
49 2488 4685

174 2615 5040
269 2665 5108
232 3313 5849
146 3347 5332
127 3528 5647
145 3776 5989
176 4191 6385
130 4942 9217
103 5800 11572
108 6076 9177
12¢e 6431 14577
ii4 664 10645

109 T140C 11284
374 7829 12353
381 8262 12675

495 8871 12037
560 9966 16860
651 10919 18257
741 13882 24505

783 12021 22983
164 12852 23609

629 14060 25466
540 14428 26332
Ta4s 155609 29357

159 16361 31774
621 17168 33151
132 18619 32817
741 19739 35865
914 21829 39315
797 23421 41961
1117 26781 48802
957 3047C 52067
1233 32370 63272
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TABLE XXII

TIME SERIES DATA, NORTHERN PLAINS REGION

PROCUCTTGN-ORIENTED PUBLIC

usoa EDUCA- SECTOR RESEAFCH AND EXTENSION EXPENDITURES
PRODUCT~ TIONAL (CURZENT DOLLARS 000}

IVITY ATTAIN- = —momem—semmcee— e e—e— o - -

TNDEX MENT WEATHER
YEAR (1967=100) INDEX INDEX A=S LS SAES SCS CES TOTAL
1929 307 31 882 c 901 2621
1930 921 37 1253 2 35¢ 2901
1931 1023 3s 1329 0 965 3056
1922 1050 48 1029 Q 842 2970
1933 829 36 755 0 731 2351
1934 100 30 754 0 847 2331
1935 715 32 761 c 778 2286
1936 796 32 586 271G 1214 3198
1937 733 3 881 1257 1190 4142
1938 302 14 1038 1080 1177 4111
1933 46.94 95.6 5645 789 18 96l 1295 1219 4282
1940 53,41 97.0 64,2 T46 87 1038 1589 1192 4652
1941 63.99 98.4 108.9 690 123 1076 138% 1188 4461
1942 T4.73 99.8 131.2 6G4 10¢C 11738 1777 944 4693
1943 89.02 101.2 111.7 658 84 1203 1949 g22 4816
1944 71.25 122.6 111.7 618 el 1300 197 953 4331
1945 74.95 1240 123.2 672 63 1424 2500 996 5661
194¢ T4, 3C 105. 4 102, 3 749 94 1655 3093 1177 6768
1947 75.53 106.8 105.4 879 81 1729 4172 1363 8224
1948 79,03 108.2 121.6 945 65 2381 3917 1570 8873
1949 67.11 109.6 73.2 999 70 2571 480f 17¢5 10153
1950 76.00 111.0 1C0.8 1177 85 3401 5366 1929 12718
1951 72400 114.0 8Ye 2 1i70 33 3645 5437 2057 12432
1952 77.00 117.0 90.6 1193 75 4249 562¢ 2252 13455
1953 71.900 119.0 19.9 1312 51 4319 5884 2108 13674
1954 73.00 120.0 82.6 1367 51 4836 5733 22¢e7 1425
1955 70.00 121.C 80.3 1449 58 5904 5499 26471 15381
1956 70.00 122.0 65,0 1576 78 6262 5858 2716 16492
1957 80, 0C 123.0 9942 2126 80 6827 6455 2822 18314
1958 97.00 125.6 1284 2303 85 8304 7062 2963 20717
1959 83.00 130.5 82.6 2392 84 8592 76517 3112 21837
196< 98.00 13C.2 118.90 2459 84 10830 8074 3050 24537
1981 89,00 132.0 §2.3 2758 165 10324 8777 33C2 25326
1962 97.00 134.0 99.5 2869 167 10228 9516 3857 272317
1963 95,00 135.0 S7.5 2931 154 11439 9373 4727 28530
1964 94.0C 136.2 90. 5 3164 168 13012 10323 4280 309417
19€5 99. 00 139.8 1C1.2 37121 235 14380 11031 4568 33935
1966 98.00 143.6 101.4 4164 243 15752 11596 6287 38249
1967  190.00 147.4 16045 4373 211 17296 11891 5153 3899¢C
1958 102.00 151.3 108.6 4660 263 21074 12177 5562 43730
1969 107.0C 154.7 116. 4 4956 302 21530 12572 5987 45347
1970 100,00 158.2 9843 4502 308 23085 13999 6842 48736
1971 116.00 162.6 122.8 5237 335 23274 14827 7685 51358
1972 117.00 167.0 120.8 5419 323 23463 17808 7950 54968

NONPRODUCT IUiN~
JF IENTED PUBLIC SECTOR FESEARCH
AND EXTENSION EXPENDITJRES
(CIRFENT DOLLARS 2CGJ)

Aas ERS CES TCFAL
1600 84 696 2382
2232 87 731 2057
1755 124 800 2679
1413 121 136 2277
1272 113 662 2Ca7
1431 88 438 1857
1251 85 639 1975
1298 a7 827 2222
1339 95 a9 2423
1535 55 1057 2647
2174 49 1107 333D
2098 1e2 1132 3392
1843 228 1133 320%
1781 175 1393 3353
1311 104 136C 2775
1303 a3 1478 287170
1252 3a 1544 2824
1257 o4 1672 2563
2539 75 1634 4612
3456 63 2297 581¢
1813 66 253¢ 4415
4790 77 2971 7833
2323 68 213 5604
2427 60 3404 5951
2515 226 3¢66 €407
2428 229 3995 6552
2195 296 4243 6734
36417 322 4731 8707
3708 361 4868 8337
5181 339 517¢ 10746
5134 395 5557 11090
4995 382 5739 11117
51819 303 5326 l11e1e
52569 251 6682 122062
5869 333 711¢ 13292
6427 333 7510 14272
5429 262 8Cle 14757
5525 30¢ 10985 16819
6076 292 856¢€ 15334
6300 347 9636 16282
6636 298 10z38 17172
1525 402 1155¢C 19477
7208 334 12809 20251
9967 416 13082 23463
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TABLE XXIII
TIME SERIES DATA, APPLACHIAN REGION

NONPRODUCT ION-

PFOLCUCT ION-DRIENTED PUBLIC ORIENTED PUBLIC SECTIR RESEARCH
Usba EDUCA- SECTOR RESEAKCH AND EXTENSION EXPENO!ITURES AND EXTENSION EXPENDITJRES
PRODUCT- TIONAL {CURRENT DOLLARS 000) {CJRRENT DOLLARS 000)

IvITY ATTAIN- R et = eemmescscc——e--—-- ———————-- -

INDEX MENT WEATHER
YEAR (1967=100) [INDEX INDEX ARS ERS SAES SCS CES TOTAL ARS ERS CES TOTAL
1926 253 10 1235 (¢ 1582 3080 501 26 1223 1752
1930 296 12 1312 ] 1662 3282 717 28 1279 2024
1931 347 13 1320 0 1683 3363 596 42 1394 2032
1932 367 17 1120 0 1510 3014 493 42 1317 1852
1933 298 13 966 e 1353 2630 457 40 1224 1721
1934 266 11 956 0 1601 2834 544 33 828 1405
1935 280 12 1016 el 1388 2696 490 33 1140 1663
1936 322 13 1191 422 2266 4214 525 39 1542 2106
1937 336 13 1343 1693 2190 5575 574 41 1821 2436
1938 356 6 1414 1718 2297 © 5701 680 25 1981 2686
1939 .77 T4 46 101.5 362 3 1459 1694 2280 5803 997 23 2072 3092
1940 71. 59 76.0 84. 6 364 42 1473 1615 2327 5821 1023 79 2209 3311
1941 70.85 T7.4 1C0.0 354 63 1630 1310 2334 5591 945 117 2225 3287
1942 76482 78.8 98.8 370 54 1712 1710 1920 5766 950 96 2832 3873
1343 12.19 80.2 91.7 375 48 1809 1890 2024 6146 7146 59 2986 3791
1944 77.16 8l.6 101.0 367 48 2010 2015 2091 6532 778 49 3244 4071
1945 77.32 83.0 111.7 418 43 1915 2643 2123 7142 178 55 3292 4125
194¢ 82.42 84.4 115.4 496 62 2239 3377 2689 8863 831 42 3823 4695
1947 78.70 85.8 108.4 618 57 2549 4266 3101 10591 1785 55 4537 6377
1948 81.75 8742 121. 6 709 49 3437 37706 3470 11441 2592 47 5078 717
1949 76491 88 .6 96.7 793 55 4214 4510 3739 13371 1439 52 5652 7143
1950 77.00 90.0 115.6 987 71 5199 4894 4283 15434 4018 65 6399 10482
1951 81.00 93.0 121.4 1036 73 5538 4966 4330 15943 2056 60 6632 87453
1952 79.00 96 .0 105.0 1113 70 5672 5304 4554 16713 2265 56 7005 9326
1953 79.00 98.0 100.8 1269 49 6069 5759 4428 17574 2431 219 7704 10354
1954 82. 00 99.0 108.3 1391 52 6465 5624 4663 18135 2469 233 8217 10919
1955 86.00 100.0 118.3 1549 62 1813 5601 5371 29396 2346 317 9225 11888
1956 92.00 101.0 106.8 1714 84 8599 6011 5826 22234 3967 350 10135 14452
1957 83.00 102.0 105.9 2392 90 96898 6320 6369 25069 4171 406 10984 15561
1958 90.00 104.6 117.8 2687 99 11184 7154 6595 27719 6044 453 11524 18021
1959 91.00 109.5 100.5 2888 102 11491 77138 7037 29256 6204 417 12556 19247
1960 95.00 109.2 114.3 2969 101 11301 7887 6668 29726 6033 462 12755 19250
1961 97.00 111.0 112.3 3447 206 127417 B564 1347 32311 6486 378 14073 20937
1962 99. CO 113.0 113.8 3657 213 14508 9611 8403 36392 6715 319 14557 21591
1963 191.00 114.0 124.6 3869 203 16293 10114 88567 39346 1721 440 15425 23566
1964 102.00 115.0 122.5 4176 222 16940 10498 9264 41100 8484 439 16256 251739
19¢5 97. 0C 118.8 113.7 5088 321 19516 11252 9905 46082 8873 358 17382 26613
1966 95.00 122.6 104.5 5812 34C 229093 118562 10367 50474 7711 419 18115 26245
1967 100.00 126 .4 100.5 6327 401 22918 12197 11175 52118 8792 423 19442 28657
196€ 95.00 130.3 92.8 6889 389 24775 12523 11596 56172 9313 513 20087 29913
1969 101.00 133.7 100.9 7434 454 26251 1296C 12584 59683 9954 447 21519 21929
1970 100.00 137.2 95.0 6903 473 29867 14464 15585 67292 11539 616 26311 38455
1971 121.00 141.6 90.0 8331 534 32317 15352 17648 74182 11467 531 29412 41410
1972 103, 0¢C 14640 9242 8822 534 34731 18476 197¢4 82327 16225 674 32523 49422
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TABLE XXIV
TIME SERIES DATA, SOUTHEAST REGION

NONPRODUCT 1ON-

PRODUCTION-ORIENTED PUBLIC ORIENTED PUBLIC SECTOR RESEACH
USDA EpuCaA- SECTOR RESEAXCH AND EXTENSION EXPENDITURES AND EXTENSION EXPENDITJPES
PRODUCT~ TIONAL (CUR®ENT DOLLARS 007) (CJRRENT DOLLARS 0CD)

IVITY ATTAIN- = —=m==- - - —w—rmesceme--

INDEX MENT WEATHER
YEAR (1967=1G0} INDEX INDEX ASS £3S SAES SCS CES TOTAL ARS EFS CES TOTAL
152¢ 877 33 1064 0 1274 3248 1739 91 984 2814
1930 1052 42 1191 0 1340 3625 2551 99 1032 3682
1931 1229 46 1152 Q 1360 3787 2110 150 1126 3386
1932 1328 50 1321 2 1176 3585 1786 152 1026 2964
1933 1103 48 933 0 1006 3090 1692 150 911 2153
1934 980 42 914 0 1149 3085 2003 123 595 2721
1935 1053 a7 351 o 997 3048 1845 126 819 2792
1936 1236 50 1212 262 1639 4399 2017 151 1116 3284
1937 1282 51 1313 1420 1581 5647 2193 155 1314 3662
1938 1386 24 1586 1613 1617 6226 2652 96 1452 4200
1939 56427 79.8 82.6 1448 34 1575 1763 1617 6437 3990 91 1468 5549
1940 58.7C 8l.2 75.9 1447 169 1810 1807 1741 6974 4068 314 1653 6035
1941 S54. 82 82.6 78.5 1443 255 1899 1576 17152 6325 3829 474 1670 5973
1942 62.05 84.0 87.5 1526 221 2258 2023 1455 T483 3919 395 2147 6461
1943 64,12 85.4 93.4 1535 196 2035 2167 1393 1326 3059 243 2056 5358
1944 65.07 86.8 93.3 1532 200 2365 2265 1452 7814 3245 206 2253 5704
1945 66451 88.2 105, 2 1773 182 2538 2768 1515 8776 3301 232 2349 5882
1946 65.6C 89.6 9C.6 1971 246 3332 3286 1899 10732 3306 168 2736 617%
1947 64.74 91.0 90.6 2307 213 4335 4156 2272 13283 6664 207 3325 10196
1948 67. 42 9.4 108.9 2451 168 5051 3581 2405 13656 8963 163 3519 12645
1949 63.03 93.8 8l.5 2585 180 4872 4321 2700 14658 4691 170 4Cl7 8878
1950 66.00 95.2 T4.1 3036 219 5680 4710 2868 16513 12362 200 4284 16846
i9¢1 72.00 9842 84.8 39012 2i3 5171 4732 2951 L7079 5978 176 4520 10674
1952 68.00 101.2 66.9 3081 195 6970 4853 3045 18144 6269 155 4684 11108
1953 17.00 103.2 7640 3325 129 6723 5235 2985 18397 6372 574 5193 12139
1954 70.00 104.2 69.0 3453 129 8657 5182 3135 20556 6131 579 5526 12235
1955 83.00 105.2 9C. 1 3648 146 9043 5040 3566 21443 5526 T45 6123 12394
195¢ 83400 10642 75.5 3981 196 10997 5279 3819 24272 9213 814 6643 16670
1957 78.00 107.2 T6.4 5353 200 11591 5512 4163 263819 3335 909 7181 17425
1958 82.00 109.8 86.0 5929 218 13490 6150 4515 30302 13336 1300 7888 22224
1956 84, 00 114.7 72.6 6137 216 13576 6603 4728 31258 13185 1015 8443 22643
1960 88.00 114 .4 89.8 6216 212 14522 7045 4786 32781 12631 266 8889 22486
1961 92.00 116 .2 87.8 6947 416 14404 1636 5078 34481 13072 763 3726 23561
19€2 94.CC 118.2 89.2 7258 423 16141 8284 57C2 37308 13326 634 9877 23837
1963 97.0C 119.2 96. 4 T445 391 17280 8679 6075 39870 14857 346 10569 26272
1964 93,00 120.2 90.5 1846 417 19824 8972 6559 43618 15939 325 11511 28275
1965 97.00 124.0 100.1 9189 579 22029 9581 6961 48339 16024 647 12215 28885
1966 92.00 127.8 94.2 10322 603 24235 10064 7588 52812 13696 745 13257 27698
1967 100. 00 131.6 100.5 10792 684 23757 10314 7986 53533 14997 722 13894 29613
1968 90.00 135.5 82.9 11549 652 28824 10556 8351 59332 15614 361 14456 30941
1969 95.00 138.9 90.2 11959 730 30072 10891 9111 62763 16012 719 15580 32311
197C 96. 00 142.4 86.4 10904 T47 32668 12122 11887 68328 18228 974 20068 39270
1971 108.00 146 .8 101.2 12616 808 34853 12832 13454 74563 17364 805 22423 40592
1972 105.00 151.2 94.0 13107 793 37038 15404 14424 80766 24105 1002 23734 48842
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TABLE XXV

TIME SERIES DATA, DELTA STATES REGION

PRODUC TION-ORI ENTED PUBLIC

NONPPODUCT ION-
ORIENTED PUBLIC SECTOR RESEAZCH

USDA EDUCA- SECTOR RESEARCH AND EXTENSION EXPENDITURES AND EXTENSION EXPENDITJRES

PRODUCT- TIONAL (CURR ENT DOLLARS 000) (CJRRENT DOLLARS 000}

vIiTY ATTAIN- e it bbbttt

INDEX MENT WEATHEP
YEAR (1967=100) INDEX INDEX ARS ERS SACS SCS CES ToraL APRS EFS CES rovat
1929 421 16 846 0 983 2266 835 44 760 1639
1930 534 21 740 0 968 2263 1295 50 746 2091
1931 647 24 732 c 522 2325 1111 79 T63 1953
1932 733 33 536 0 821 2123 986 84 717 1787
1933 636 28 581 0 730 1975 975 86 651 1722
1934 588 25 499 (o 921 2013 1202 T4 466 1742
1935 648 29 586 0 195 2058 1135 17 653 1865
1936 787 32 649 332 1342 3142 1285 96 914 2295
1937 843 34 783 1471 1330 4461 1442 102 1105 2549
1938 930 16 832 1560 1342 - 4680 1779 64 1204 3047
1939 57.14 75.8 1067 993 23 857 1649 1335 4857 2736 62 1213 4C11
1940 54.24 17.2 8l.7 1019 119 894 1772 1293 5097 2865 221 1228 4314
1941 57.26 78.6 108.9 1035 185 995 1452 1315 4982 2765 343 1253 4361
1942 63, 24 80.0 118.3 1119 162 1201 1540 1084 5106 2874 289 1598 4761
1943 60.34 81.4 111.7 1142 146 1192 1834 1179 5493 2276 181 1739 4196
1944 62.96 82.8 113.2 1165 152 1292 1893 1144 5646 24617 157 1775 4399
1945 61,07 84.2 113. 4 1376 141 1425 2356 1229 6527 2561 180 1906 4667
1946 58.72 85.6 87.7 1521 190 1457 2123 155¢C T441 2552 129 2223 4884
1947 60.87 87.0 96.5 1772 l63 2235 3440 1809 9419 5117 159 2647 7923
1948 71.18 88.4 143.7 1846 126 2506 2933 1939 9350 6749 123 2838 971"
1949 61.72 89.8 96.7 1935 135 3554 3570 21€0 11374 3511 127 3242 6882
1950 63,00 912 121. 6 2258 163 3973 3872 2383 12649 9194 148 3560 12902
1951 65,90 94.2 127.2 2226 157 4207 3985 2385 12960 4417 130 3653 8209
1952 68,00 97.2 120.7 2246 142 4227 4085 2405 131C5 4570 113 3699 8382
19¢3 T4, 0C 99.2 131.0 2406 94 4482 4202 2416 13600 4611 415 4203 9223
1954 74.00 100.2 123.2 2480 92 4880 4228 2450 14130 4403 416 4319 9138
1955 85.00 101.2 157.7 2598 104 5635 4110 2836 15283 3936 531 4870 9337
195¢ 82,00 102.2 119.6 2931 144 6402 4302 3nge 16859 6782 599 5359 12749
1957 75.00 103.2 115.3 4100 153 6709 4487 3361 18810 7151 596 5736 13643
1958 78.00 105.8 119.1 4692 172 8180 4990 3655 21690 10553 792 6367 17732
1956 91.C0 110.7 125.0 5054 178 9085 5391 3932 23640 10858 836 70622 18715
1960 89.0C 110 .4 134.0 5335 182 9605 5439 3950 24511 10840 829 7335 19004
1961 95.00 112.2 127.9 6205 371 10300 5904 4102 26882 11675 631 7856 20212
1962 97.00 114.2 118.9 6695 390 10917 6499 4582 29083 12293 585 7938 20815
1963 105.00 115.2 14C.9 1094 373 10968 6785 4668 29888 14155 806 8140 23081
1964 107.00 116.2 139.5 7783 413 12539 6990 4959 32684 15811 819 8722 25332
1965 106 .00 120.0 131.4 9493 599 13814 T440 5243 36589 16553 669 9220 26422
1966 100.00 123.8 113.7 11103 649 15090 7191 5517 40150 14732 301 3640 25173
1967 100. 00 127.6 100.5 12095 1617 16788 7961 5972 43583 16807 309 1039¢ 2€005
1368 109.0C 131.5 110. 6 13373 755 17783 8126 6152 46189 18079 997 10657 29733
1969 104.00 134.9 100.9 14437 881 19381 8363 6486 49548 19330 368 11091 31283
197¢C 111.00 138.4 100.7 13605 932 19620 9285 7507 51029 22743 1215 12809 36767
1971 114,00 142.8 174, 1 16544 106C 21608 9806 9068 58086 22170 1355 15113 38938
1972 118.00 147.2 107.9 17771 1075 23596 11745 9652 63829 32683 1359 15882 49324
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TABLE XXVI

TIME SERIES DATA, SOUTHERN PLAINS REGION

PRODUCT ION-ORIENTED PUBL IC

NONPRIDUCT ION~-
ORTIENTED PUBLIC SECTOR RESEARCH

UsDA EDUCA- SECTOR RES EARCH AND EXTENSION EXPENDITURES AND EXTENSION EXPENDITURES

PRODUCT~ T IONAL (CURRENT DOLLARS 000) (CJIRRENT DOLLARS JCJ)

IvITY ATTAIN- - == e e e eeeessc—ee e =

INDEX MENT WEATHE®
YEAR (1967=10C) INDEX INDEX A° S EPS SAES SCS CES TOTAL ARS ERS CES TOTAL
1929 624 24 753 0 922 2323 1238 65 713 201¢
1930 731 29 1016 0 1001 27717 1774 69 770 2613
1921 835 32 880 2 1043 2790 1433 102 864 2393
1932 882 40 866 ) 949 2137 1186 101 828 2115
1933 716 31 832 0 864 2443 1099 97 782 1578
1934 623 26 746 J 1046 2441 1274 78 541 1893
1935 663 30 17 0 854 2318 1161 79 701 1941
1936 162 31 897 551 1469 3710 1243 93 1oc0 2335
1937 175 31 944 21T 1447 5357 1325 94 1204 2623
1938 820 14 1368 2207 1452 -5361 1570 57 1304 2931
1936 58. 26 859.9 T4.0 836 19 1307 2106 1511 5779 2302 52 1372 3726
1940 63.78 91.3 78.8 819 96 1360 2142 1468 5885 2303 178 1394 3875
1941 62459 92.7 87.5 805 144 1395 1795 1504 5643 2151 267 1433 3851
1942 67.71 9.1 90.7 842 122 1588 2632 1199 6383 2161 218 1769 4148
1943 644,36 95.5 8l.7 831 106 1709 3238 1210 7094 1657 132 1764 3573
1944 72.10 9649 93.3 815 106 1648 3513 1205 7287 1727 110 1870 3707
1945 64.8C 98.3 75. 6 927 35 1685 4447 1215 8369 1727 121 1885 3733
1946 67.50 9947 70.1 1003 125 2166 5127 1450 9871 1682 85 2002 3829
1947 75.88 101.1 964 5 1154 106 2309 6282 1712 11563 3332 103 2504 5939
1948 70.54 102.5 88.4 1181 81 3283 5481 1771 11797 4320 79 2590 6983
1949 85.98 103.9 111.9 1221 85 3653 6723 1996 13678 2216 80 2970 5266
195¢C 72,00 105.3 93.4 1385 100 4145 7223 2310 15163 5640 91 3451 9182
1951 7C.C0 108.3 89.2 i324 S4 4234 716% 2322 15138 2627 17 355¢ €260
1952 73.00 111.3 85.3 1312 83 4719 7515 2371 16000 2669 56 3647 6382
1953 77.C0 113.3 90.4 1356 53 4380 7457 2232 15478 2599 234 3884 6717
1954 79.00 114.3 93.4 1344 590 5116 7515 2403 16428 2386 225 4234 6845
1955 81.00 115.3 9846 1374 55 5677 7254 27C8 17068 2082 281 4652 7C15
1956 79.00 116.3 76.6 1493 13 6396 7683 2912 18563 3455 305 5066 8826
1957 85,00 117.3 104.5 2012 75 6790 8093 3150 20120 3509 362 5432 9283
1958 97. 00 119.9 131.0 2261 83 7835 8741 3362 22282 5085 381 5874 11349
1959 97.00 124.8 103.8 2346 83 8163 9252 3418 23262 5041 388 6102 11531
1960 103,00 124.5 124.2 2366 81 10097 9787 3692 26023 4807 368 6856 12031
1961 106400 1263 117.9 2652 159 9340 10589 3734 26474 4989 291 7152 12432
1962 99.00 128 .3 99.5 2757 161 8321 11440 4154 26833 5062 241 7155 12498
1963 100. 00 129.3 105.1 2873 151 9483 11920 4259 28686 5732 326 7410 13468
1964 102.00 130.3 107.6 3037 161 9084 12257 4534 29073 6170 316 7957 14445
1965 110.0C 134.1 121.0 3569 225 10461 13025 4657 319317 6224 251 8172 14647
1966 102.00 137.9 10645 3990 233 11838 13618 5C54 34733 5294 288 8830 14412
1967 100.00 141.7 100.5 4280 271 12046 13894 5171 35662 5947 286 8936 15229
1968 109.00 145.6 117.5 4559 257 13066 14161 5739 37782 6163 340 9940 16443
1969 101. 00 149.0 100. 9 4741 289 14573 14554 6225 40382 6347 285 10645 17277
1970 107.00 152.5 102.6 4302 295 15870 lel38 7655 44260 7191 384 12922 206497
1971 98.00 156.9 90.9 5118 328 177517 17022 8999 49224 7044 326 14958 22368
1972 110. 00 161.3 110.6 5293 320 19644 20365 10219 55841 9735 405 15815 26955
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TABLE XXVII

TIME SERIES DATA, MOUNTAIN REGION

PROCUCT ION-DRTENTED PUBLIC
SECTOR RESEARCH AND EXTENSION EXPENDITURES
(CURRENT DOLLARS 000)

NONPRODUCT ION-

ORIENTED PUBLIC SECTOR FESEARCH
AND EXTENSION EXFENDITURES
{CJRRENT DOLLARS 000)

USDA EDUCA-
PRODUCT- T IONAL

Ity ATTAIN-

INDEX MENT WEATHER
YEAR (1967=100) INDEX INDEX ARS
1929 1291
1930 1479
1931 1652
1932 1695
1933 1344
1934 1141
1935 1164
1936 1304
1937 1291
1938 1322
1929 60.18 97.8 91.2 1309
194C 63.77 99.2 87.6 1247
1941 69.83 100.6 123.2 1177
1942 71.83 102.0 115.0 1193
1943 13.97 103.4 118.4 1133
1944 72. 42 104.8 99.5 1C75
1945 72.40 106.2 108.4 1182
1946 73.72 107.6 100.8 1395
19417 16.417 109.0 106.9 1730
1948 77.99 110.4 113.7 1934
1949 72.84 111.8 85.6 2173
195¢C 74.00 113.2 106.7 2695
1951 75.00 116.2 103.8 2820
1952 79.00 119.2 98.4 3022
1953 84,00 121.2 108.7 3456
1954 78.00 122.2 97.5 3778
1955 81.00 123.2 108+ 4 4197
1956 82.00 124.2 9C.6 4590
1957 87.00 125.2 11646 6227
1958 93.00 127.8 124. 4 6910
1959 90.00 132.7 101.6 7220
1960 91.00 132.4 111.9 7330
1961 91.00 134.2 101.2 8273
1962 93.00 136.2 96.4 8664
1963 96,00 137.2 1029 8911
1964 93.0C 138.2 99.1 9492
1965 98.00 142.0 101.2 11240
1966 36400 145.8 98.3 12664
1967 100.00 149.6 100.5 13397
1968 102.00 153.5 102.7 14386
1969 104, 00 156.9 102.8 15584
1970 109.00 160.4 $8.8 13805
1971 112,00 164.8 99.4 16187
1972 112.00 169.2 96.8 16888

ERS

49
59
62
77
59
48
52
53
51
23
30
145
210
173
144
140
121
174
160
13z
151
194
199
191
134
141
168
226
233
254
254
249
495
505
468
504
709
740
849
812
921
946
1037
1021

SAES

1312
1410
1403
1371
1234
1173
1254
1284
1346
1217
1396
1426
l46l
1725
1631
1323
1860
2186
2423
3334
3789
4491
4678
5256
5193
5778
63806
7799
8705
3948
10256
11610
11475
12445
13315
15379
16594
17811
20201
21219
21220
22935
25123
27311

SCS

CES

831

913

952

868

784

848

698
1035

994
1018
1047
1012
1029

810

823

805

838
1075
1299
1496
1612
1884
1941
2041
1958
2025
2225
2417
2610
2897
3020
3136
4334
3646
3890
4045
4318
4579
4802
5016
5448
6376
7231
7752

TOTAL

3483
3861
4079
4011
3421
3210
3168
5020
3766
‘8366
8441
8522
6717
7143
7087
6969
7821
9406
11884
12195
14364
16546
16945
18119
18739
19676
20363
23250
26210
29449
30874
32591
35644
37491
39361
42591
46888
50492
54276
56778
58474
61612
68121
75193

ARS

2559
3587
2834
2219
2062
2333
2038
2127
2208
2503
3606
3505
3143
3064
T 2258
22717
2201
2339
4998
7073
3943
10971
5597
6147
6623
6707
6358
10620
10858
15542
15511
14893
15566
15909
17782
19281
19599
16804
18617
19449
20196
23077
22218
31060

ERS

134
139
201
195
183
144
139
159
156
91
82
270
390
309
180
145
154
119
155
129
142
177
164
152
596
633
858
938
1057
1166
1194
1139
908
57
10132
998
792
914
896
1072
907
1233
19033
1291

CES

642
703
737
758
709
439
573
705
826
913
952
961
980
1134
1213
1249
1300
1528
1900
2189
2399
2815
2973
3138
3406
3569
3821
4206
4503
5061
5393
5823
8301
6315
6768
7099
7517
8173
8355
8688
9316
10765
12052
12757

TOTAL

3335
4429
3832
3232
295%
2915
2750
2991
3190
3507
46%0
4736
4513
4567
3651
3671
3655
3985
7053
9331
6484
13963
8734
9437
10625
10909
11037
1576%
16418
21767
22098
21855
24775
22981
25563
27378
27968
25891
27868
29209
30419
35C75
35363
45103
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TABLE XXVIII

TIME SERIES DATA, PACIFIC REGION

PRODUCTION-ORIENTED PUBLIC

NONPRODUCT ION=-
ORIENTED PUBLIC SECTOR RESEARCH
AND EXTENSION EXPENDTFJRES
(CURRENT DOLLAFRS 000}

TOTAL

ARS

EFS

4463
4816
5134
5344
4585
4050
4100
4969
6334
~6589
6776
6948
6682
6886
6909
6938
7819
9011
11651
13151
14853
17984
18114
19398
20844
22159
23240
25409
29325
33794
36826
38794
43238
46980
50005
53518
59845
65656
68716
73805
19529
82692
89520

UsDA EDUCA- SECTOR RESEARCH AND EXTENSION EXPENDITURES
PRODUCT- TIONAL {CURRENT DOLLARS 000)
IvViTY ATTAIN- emmomssmcooo—m oo
INDEX MENT WEATHE®

YEAR (1967=100) INDEX INDEX A°cS ERS SAES SCs CES

1926 2083 79 1527 c 174
1930 2375 94 1550 ] 737
1931 2637 99 1605 o 793
1932 2725 124 1751 o T44
1633 2157 94 1633 G 701
1934 1814 77 1359 o 820
1935 1856 83 1495 0 665
1936 29074 84 1516 365 930
1937 2040 81 1763 1564 Re6
1938 2106 36 1983 1545 919
1939 69 .42 98 .2 89.5 2052 48 2232 1518 S26
1940 T1.37 99.6 78.8 1939 226 2324 1511 948
1941 73.18 101.0 101.7 1823 325 2261 1321 952
1942 14.76 102.4 90.7 1831 265 2381 1587 822
1943 75,84 103.8 93.4 1745 223 2371 1737 833
1944 T76. 96 105.2 88. 8 1649 215 2544 1678 852
1945 76.91 196 .6 95.3 1763 181 2913 2051 S11
1946 81.26 108 .0 96.4 2017 252 3292 2280 1170
1947 79.87 109.4 93,5 2348 217 4638 2951 1497
1948 79.98 110.8 97.9 2466 169 6174 2528 1814
1949 80.73 112.2 85.6 2553 178 6989 3112 2021
1950 81.00 113.6 115.6 3018 217 7919 3564 2366
is$51 83.00 116.6 1is%.5 2574 2ic 8890 3585 2455
1952 864 00 119.6 111.5 3022 191 9787 37713 2625
1953 89.00 121.6 111.3 3193 124 10724 4210 2593
1954 92.00 122.6 116.4 3337 124 11679 4261 2758
1355 90.00 123.6 121.1 3398 136 12610 4025 3070
1956 92.00 124.5 102.2 3898 152 13633 4370 3316
1957 93,00 125.6 120.6 5467 205 15382 4683 3588
1958 93.00 128.2 119.1 627C 231 17981 5356 3956
1959 97.00 133.1 108.3 6768 238 19660 5923 4237
1960 94.00 132.8 114.3 7051 240 20651 6608 4244
1961 94 .00 134.6 102.3 8220 492 22868 7081 4577
1962 96.00C 136.6 103.6 8889 518 24679 7741 5153
19¢€3 97.00 137.6 108.4 9321 490 26508 8199 5487
1964 99.00 138.6 111.9 10251 544 28650 8562 5511
1965 100.00 142 .4 106. 4 12531 790 31361 9229 5934
1966 103,00 146.2 106. 5 14573 852 34072 9780 6379
1967 190.00 15C.0 120.5 15909 1009 34802 10105 6851
1968 104.00 153.9 105.7 17526 989 38027 10422 6841
1969 107.00 157.3 106.7 18855 1151 41169 10831 7523
1970 109.00 160.8 103.5 17807 1220 42664 12136 8865
1971 112.00 16542 106.9 21424 1372 44626 12925 9169
1972 114.00 169.6 105.1 23064 1395 46588 15614 10021

96682

4131
5759
4525
3665
3309
3706
3251
3384
3488
4030
5652
5449
4869
4702
3477
3491
3282
3383
6783
9017
4634
12285
5902
6147
6120
5925
5147
9021
9534
14103
14542
14328
15467
16322
18601
20824
21850
19336
22108
23694
25244
29767
29486
42418

217
224
321
313
293
228
222
253
246
146
128
420
603
474
277
222
230
171
210
164
167
198
173
152
551
559
694
797
928
1058
1119
1096
902
17¢
1059
1078
883
1951
1264
1306
1133
1590
1367
1763

CES TGTM
599 4947
el 4 6597
636 5502
649 4627
635 4237
414 4348
547 4022
633 4270
736 4470
824 5000
841 6621
900 6769
S07 63793

1213 6389
1228 4582
1322 5025
1413 4925
1662 5216
2191 918%
2655 11836
3007 1808
3534 16017
37159 983%

4038 10337
4512 11183

4861 11345
5272 11113
5768 15586
6139 16651

6913 22074
1564 23225
7883 23307
8768 25137
8925 26023
9547 29257
9670 21572
10413 33146
11145 31532
11389 35161
11850 36850

12865 392+2
14965 46322
15281 46134
16489 &C670

LGlL
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concerns the time series data. The theoretical distinction between
production-oriented research and extension expenditures and
nonproduction-oriented expenditures is much clearer than the empirical
distinction. Also, the desire to investigate sources of productivity
change on a regional level requires that some assumptions about the data
be made. Since the method used to deal with these two problems varies
from one data series to the next due to differences in the types of

information available, each series is considered in turn.

Productivity Indexes

The official USDA productivity indexes for the U. S. and the ten

farm production regions are published annually in Changes in Farm

Production and Efficiency, Statistical Bulletin No. 233, Economic

Research Service, USDA. Data for the 1950 to 1972 period on the U. S.
and ten regions are from the 1973 issue (76). U. S. data for the 1939
to 1949 period are from the 1964 issue of Statistical Bulletin No. 233
(74). Official regional indexes for the 1939 to 1949 period are not
published by the USDA. However, these indexes were extended back to
1939 by one of the present authors of the official USDA indexes, L. D.
Lambert, and reported in his "Regional Trends in the Productivity of
American Agriculture" (33, p. 75).

For a detailed explanation of the construction of these series the
reader is referred to either (69) or Lambert (33). For the purposes of
this Appendix, a brief discussion of the methodology should suffice.

The series are computed by taking the ratio of the USDA index of
total farm output to the USDA index of agricultural inputs. The index

of farm output measures yearly changes in the volume of farm production
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available for human use. Output is measured in the year in which it is
marketed.

The index of total agricultural inputs measures the yearly changes
in the volume of resources used to produce farm output. Interfarm sales
are omitted, and capital resources are measured on a flow of services
basis.

Both the index of farm output and the index of agricultural inputs -
are calculated by means of a Laspayres arithmetic constant price-weight
formula. Weighted average prices received or payed by farmers in a
given region are used as weights in constructing the indexes for the
regions. The quantity-price aggregates for the ten farm production
regions are summed to obtain the quantity-price aggregates upon which
the U. S. index is based. The reference base period used is 1967.
Average 1957-59 prices are used as weights for 1955 and subsequent years;
average 1947-49 prices are used for the 1939 to 1955 period. Since more
than one set of price weights is used in computing the indexes, the

series are spliced at 1955.
Educational Attainment Index

The educational attainment index is an updated version of a series
reported by Robert Evenson in "The Contribution of Agricultural Research
and Extension to Agricultural Production" (17). For the series used in
this study, 1965 to 1972 observations were based upon 1970 Census of

Population subject reports PC(2)-5B and PC(2)-7A, Educational Attainment

(87) and Occupational Characteristics (88) respectively. Years-of-

schooling-completed estimates for farmers and farm managers and for farm

laborers and foremen are also reported for 1968, 1969, and 1971 in
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Current Population Reports, Educational Attainment (84, 85, 86).

Observations for the years in which data were not available were

obtained by linear extrapolation.

In each year for which data were available, the proportion of males

in each schooling class as a percent of total employment in two occupa-

tional groups (farmers and farm managers, and farm laborers and foremen)

was calculated. These calculations for 1970 are shown below:

No School Years

Elementary:
1-4 years
5-7 years

8 years

High School:
1-3 years
4 years

College
1-3 years
4 and over

Occupational Group

Farmers and Farm Managers Farm Labor and Foremen

Male Female Male Female
10,008 740 471,938 6,162
51,390 1,955 108,459 14,180

152,436 6,979 144,890 26,586
327,772 13,662 105,548 22,727
222,259 14,848 129,067 33,174
435,220 21,091 135,228 39,005
98,892 7,139 44,334 7,689
52,395 3,137 11,601 1,869

Since the total number in the two occupational groups is 2,286,580,

the proportion of males in each schooling class was found by dividing

each entry in the columns labeled male by 2,286,589. For the Farmers

and Farm Managers group with no school years this calculation is 10,008

+ 2,286,589 = .0043.



No School Years

Elementary:

1-4 years
5-7 years
8 years

High School:

1-3 years
4 years

College:

1-3 years
4 and over

The column for each occupational group was then weighted by the

No School Years

Elementary:

1-4 years
5-7 years
8 years

High School:

1-3 years
4 years

College:

1-3 years
4 and over

Farmers and Farm HManagers
.0043
.0224

.0666
.1433

.0972
.1903

.0432
.0229

total weeks worked by both groups.

Farm Laborers and Foremen group is 1 - .06217 = .3782.

of each occupational group yields:

Farmers and Farm Managers
.0026
.0139

.0414
.0890

.0604
.1183

.0268
.0142

Occupational Group

Occupational Group

.0183

.0474

.0633
.0461

.0564
.0591

.0193
.0050

number of weeks worked by each group, expressed as a percent of the

Managers group in 1970 is .6217 and the corresponding weight for the

.0069

.0179
.0239
.0174

.0213
.0223

.0072
.0018

155

Farm Labor and Foremen

The weight for the Farmers and Farm

This weighting

Farm Labor and Foremen
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These two series are then summed across schooling classes and the
proportion of the total represented by each schooling class is calcu-
lated. For the no school years class, this calculation is .0026 +

.0069 = .0095 which is .0095 + .4853 = .0195 of the total.

Proportion
of Total
No School Years .0095 .0195
Elementary:
1-4 years .0318 .0655
5-7 years .653 . 1345
8 years .1064 .2192
High School:
1-3 years .0817 .1683
4 years . 1406 . 2897
College:
1-3 years .0340 .0700
4 and over .0160 .0329
Total .4853 1.0000

Finally, the schooling class proportions are weighted by a set of
income-schooling weights derived in Finis Welch, "Measurement of the
Quality of Schooling" (93).

The weights used are as shown below:

Proportion Welch Contribution to
of Total Weights Education Index
No School Years .0195 X 0 = .0000
Elementary: A
1-4 years .0655 X .25 = .0163
5-7 years .1345 X .65 = .0874
8 years .2192 X 1.00 = .2192
High School:
1-3 years .1683 X 1.63 = .2743
4 years . 2897 X 2.26 = .6547
College:
1-3 years .0700 X 2.64 = .1848
4 and over .0329 X 4.24 = .1394

Total 1.572
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The value of the educational attainment index for 1970 is therefore
1.572 x 100 = 157.2, adjusted for age, sex, and income.

Regional indexes of educational attainment comparable to the U. S.
index could not be calculated with existing published data. Since an
attempt to do so using unpublished data was beyond the time and budget
constraints of this effort and outside the major line of inquiry of
the study, an alternative technique for constructing regional indexes
was adopted.

It was assumed that the trend in educational attainment among
farmers and farm managers and farm laborers and foremen has been the
same across regions over time. This assumption meant that the relative
positions of the regions need only be known in one year in order to
construct the regional indexes for the 1939 to 1972 period. As it was
desirable to associate these regional indexes with the U. S. index,

adjusted for age, sex, and income, Equation (A.1) was employed in their

calculation:
n n
5 (M1970 « 01969) /3 01969
£1970 _ j=1 J J j=1 £1970 (A.1)
i 1970 X Eus
us
where E%970 = the educational attainment index value for region i in
1970,
1970 _ .
Mj = the median school years completed by persons 25 years
and over in state j in 1970,
0}969 = the number of farm operators in state j in 1969,

Mlg7o = the median school years completed by persons 25 years

and over in the U. S. in 1970,

El§7o = the educational attainment index value for the U. S. in

1970,
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n = the number of states in region i.
The median school years completed data was taken from the Digest

of Educational Statistics, 1973 edition, written by W. Vance Grant and

C. George Lind (91). Farm operator information is from the 1969

Census of Agriculture (83, p. 197).

Having obtained the educational attainment index value for each
region in 1970, the remianing regional index values were obtained by
adjusting each U. S. index value for the 1939 to 1972 period by the
difference between the 1970 U. S. index value and the 1970 regional

index value.

Weather Index

The conceptual framework for measuring the influence of weather on
crops in this study is based upon the hypothesis that variations in
yields of crops where as many variables as possible are held constant
over time are attributable to the influence of weather after trend has
been removed to account for increases or decreases in the fertility
level of the soil. It is assumed that the trend due to fertility
changes over time can be removed by fitting a regression line of yield
on time.

U. S. data for the 1939-50 period are from J. L. Stallings,
"Indexes of the Influence of Weather on Agricultural Output" (59); for
the 1950-63 period from William E. Kost, "Weather Indexes, 1950-1963"
(31).

The procedure followed to obtain weather index values for the U.
S. over the 1964-72 period was to run a linear regression of the U. S.

crop yield index as reported in Changes in Farm Production and
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Efficiency (76, p. 11) on time, attributing the residua]lto weather.
The three year average crop production index value for the 1961-63
period was spliced with the average weather index value for the same
period. While this procedure is basically the same as that employed by
Stallings and Kost, it is inferior in the sense that their data was
generated in a more controlled setting (Experiment Station plots) and
they were thus able to hold more variables constant over time. It is,
however, the best feasible alternative.

Regional indexes of the influence of weather on crops are not
available, however crop production indexes by region are reported in

Changes in Farm Production and Efficiency (76). In order to utilize

both the information provided by the U. S. weather index and the
regional crop production statistics, the regional weather indexes were

computed using Equation (A.2):

W1t - Yu,;?t X wu S.t (A.2)
where
wit = the weather index value for region i in year t;
Yit = the crop production index value for region i in year t;
Yuosot = the crop production index value for the U. S. in year t;
Wu,sct = the weather index value for the U. S. in year t.

Public Sector Expenditures on Research and

Extension in U. S. Agriculture, 1929-72

Tables XVIII through XXVIII present the basic time series data on

the U. S. and regional expenditures of those USDA agencies which are
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responsible for agricultural research and extension.

Agricultural Research Service

The Agricultural Research Service (A.R.S.) is the primary agency
of the U. S. Department of Agriculture engaged in research in the
physical and biological sciences. It also conducts research relating to
the utilization and marketing of agricultural products, research on
nutrition and consumer use, and carries out those control and regulatory
programs of the Department of Agriculture which involve enforcement of
plant and animal quarantines and control of plant and animal diseases
and pests.

The A.R.S. was established within the Department of Agriculture by
Departmental Memorandum 1320, Supplement 4, dated November 2, 1953. In
1972, the Animal and Plant Health Services division of the A.R.S. was
established as a separate entity within the Department of Agriculture.
In order to extend the expenditures series back through time to 1929, it
is necessary to identify the lineage of the A.R.S.

Upon its formation, the A.R.S. subsumed the various research
bureaus formerly grouped under the Agricultural Research Administration.
The Agricultural Research Administration was in turn established by
Executive Order 9069 of February 23, 1942, and to it were transferred
the Bureau of Animal Industry, the Bureau of Dairy Industry, the Bureau
of Agricultural Chemistry and Engineering, the Bureau of Entomology
and Plant Quarantine, the Bureau of Home Economics, the Office of
Experiment Stations, and the Beltsville Research Center. By Administra-
tor's Memorandum 5, dated February 13, 1943, certain divisions of the

Bureau of Agricultural Chemistry and Engineering were transferred to the
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Bureau of Plant Industry, which was then redesignated the Bureau of
Plant Industry, Soils, and Agricultural Engineering. Also at this
time, the Bureau of Home Economics was merged with other divisions of
the Bureau of Agricultural Chemistry and Engineering to form the Bureau
of Human Nutrition and Home Economics.

Prior to 1942, the bureaus which comprised the Agricultural
Research Administration existed as separate entities in the Department
of Agricu]tureo Between 1929 and 1942 several consolidation measures
were undertaken. The Bureau of Agricu]turAI Chemistry and Engineering
was established when the Bureau of Agricultural Engineering was merged
with the Bureau of Chemistry and Soils by order of the Secretary of
Agriculture, October 16, 1938. The Bureau of Agricultural Engineering
was in turn established on July 1, 1931, pursuant to the Agricultural
Appropriation Act of 1932, continuing the work of the Division of
Agricultural Engineering of the Bureau of Public Roads. The Bureau of
Entomology and Plant Quarantine was established by the Agricultural
Appropriations Act of 1935, effective July 1, 1934, combining the
Bureau of Entomology and the Bureau of Plant Quarantine.

Using this fami]y tree as a guide, the total expenditures series
for the A.R.S. was compiled from actual outlays of the appropriate
agencies on a checks-issued basis as annually reported in Combined

Statement of Receipts, Expenditures and Balances of the United States

Government (92). Extraordinary outlays in the early years reported

as emergency expenditures were not included. These were largely trans-
fers under the National Industrial Recovery Act and Public Works
Administration and were not research-oriented in nature. Also, payments

to State Agricultural Experiment Stations were not included in order to
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avoid double-counting since these payments were treated as Experiment
Station expenditures.
Data on production-oriented expenditures of the A.R.S. were not

available. The annual Budget of the United States Government (8),

however, contains a functional breakdown of appropriations by activity
which is in sufficient detail to allow isolation of those activities
which affect production. Therefore, it was assumed that actual appro-
priations authorized by Congress to be established for the fiscal year
for a particular activity are equal to and adequately reflect the
actual outlays made on that activity. Based upon this assumption,

the production-oriented expenditures series is constructed by summing
in each year the appropriations for those research activities carried
on by the A.R.S. which are judged to ultimately affect the state of
technology in agriculture.

The contribution of the A.R.S. to nonproduction-oriented activities
was then given by the difference between total A.R.S. expenditures in
any given year and the A.R.S. production-oriented expenditures in that
year.

Since the A.R.S. is entirely federally funded by Congressional
appropriations, it was not possible to directly measure production-
oriented A.R.S. expenditures in any particular region of the United
States. Some decision rule must therefore be adopted by which A.R.S.
expenditures can be apportioned among the ten farm production regions.

The institutional nature of agricultural research in the United
States has created regional dispersion of State Agricultural Experiment
Stations. Since 1930, the U. S. Department of Agriculture has located

a significant amount of its research activity in these state experiment
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stations, often directly locating scientists there. According to
Evenson and Welch (18, p. 15), this activity has accounted for approxi-
mately 20 percent of the state research effort since 1935. For the
purpose of allocating A.R.S. expenditures among the regions, it is
assumed that the regional share distribution of U. S. Department of
Agriculture research conducted within the state experiment stations also
holds for A.R.S. expenditures.

Presented in Table XXIX are the U. S. Department of Agriculture
research shares by region 1925 to 1965, as reported by Evenson and
Welch. The data as reported by them are at 10 year intervals and linear
extrapolation was employed in the present study to obtain yearly obser-

vations for the 1929 to 1972 period.

Economic Research Service

The Economic Research Service (E.R.S.) was created in the Depart-
ment of Agriculture by Secretary's Memorandum 1446, Supplement 1, dated
April 3, 1961, under authority of Reorganization Plan 2 of 1953. 1Its
major activities are conducting farm economics research dealing with
the economic problems of agricultural production and resource use,
marketing economics research relating to the distribution and merchan-
dising of agricultural commodities, and domestic and foreign economic
analyses dealing with the supply and demand of farm products and related
areas.

As was the case with the A.R.S., the lineage of the E.R.S. must be
identified in order to extend the time series expenditures data for the
E.R.S. back to 1929, The Agricultural Marketing Service was reestab-

lished within the Department of Agriculture under the authority of
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TABLE XXIX

U. S. DEPARTMENT OF AGRICULTURE RESEARCH SHARES
BY REGION, 1925-1965

Region 1925 1935 1945 1955 1965

1.  Northeast - .028 .050 .095 .072
+'2.  Lake States - .039 .041 .077 .090
.3.  Corn Belt - .067 .109 .097 -116
4. Northern Plains - .097 .066 .058 .049
5. Appalachaia - .038 .041 .062 .067
6. Southeast - .143 174 .146 121
7. Delta - .088 .135 .104 125
8.  Southern Plains - .090 .091 . 055 .047
9. Mountain - .158 116 .168 .148
10.  Pacific - .252 173 .136 .146

Source: Robert Evenson and Finis Welch (18, p. 17).
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