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Abstract

This paper tests whether structural change in US agriculture is an important channel to TFP growth and evaluates the
relative impact of (i) public research and education policies, (ii) private R&D and market forces, and (iii) government farm
programs on structural change. We specify a structural econometric model, fit it to US state aggregate data, 1953-1982, and
use the associated reduced-form model to perform counter-factual policy simulations. The findings include: structural change
is a channel to TFP growth in both crop and livestock subsector, i.e. specialization, size, and part-time farming do impact TFP,
holding other variables constant. Public R&D and education have been at least as important as private R&D and market forces
for changing livestock specialization, farm size, and farmers’ off-farm work participation over the study period, but private
R&D and market forces have been relatively more important for crop specialization. Changes in farm commodity programs
had little impact on farm structure over these study period. Overall, we conclude that if public R&D and education policies
had been unchanged at their 1950 values over 1950—-1982, major structural changes in US agriculture would have occurred
anyway. The forces of private R&D and market forces were at work, including a decline in the price of machinery services
and agricultural chemicals, relative to the farm wage. © 2001 Elsevier Science B.V. All rights reserved.

Keywords: Farm structure; Total factor productivity; Farm size; Specialization; Part-time farming; Research and development; United States

1. Introduction participation, and out migration rates have increased

in the post World War II period.

During recent decades, productivity growth has
been the major source of growth in farm output in
OECD countries. All OECD countries experienced
positive output growth, but 13 of 18 OECD coun-
tries had small negative growth rates for total input
use (OECD, 1995, p. 16) — with a large decline of
farm labor employment and a large increase in in-
termediate inputs used. In all of these countries, the
number of farms has declined, average farm size and
specialization have increased, and net exit, off-farm

* Corresponding author. Tel.: +1-515-294-6740;
fax: +1-515-294-0221.
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The changing structure of agriculture in OECD
countries has been linked to technology, economy
and world-wide market forces, and to governmental
policies. Little empirical evidence, however, exists on
the effects of farm structure on productivity or on the
effects of market forces and governmental policies
on structure. ! If policy makers had a better under-
standing of these relationships, they could design
better agricultural and rural community adjustment
programs. Furthermore, significant advances in our

! Weersink and Tauer (1991) have tested for causal relation-
ships between productivity (measured as milk per cow) an farm
size (measured as milk cows per farm) using state level data,
19641987, and found that size primarily caused productivity.
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understanding of productivity would occur if we can
show how changes in market forces and government
policies are channelled through structural change to
impact productivity growth in agriculture.

Related research on US agriculture includes studies
of farm size and structure by Ball and Heady (1972),
Reimund and Gale (1992), Hallam (1991, 1993), and
Kislev and Peterson (1982, 1996) out-migration from
and entry to farming by Barkley (1990) and Gale
(1993) and integration of farm and non-farm labor
markets by Huffman (1980, 1996). Before Kislev and
Peterson (1982), most explanations of changes in farm
size (i.e. output per farm or enterprise) relied on the
existence of scale economies. Farm sizes were seen
as increasing because optimal scale of production was
increasing, and this was attributed to changes in tech-
nology. Kislev and Peterson showed that most of the
changes in US farm size, 1930-1970, could be ex-
plained by changes in the price of labor relative to
the price of machine services. As the farm and non-
farm sectors became more integrated over time, these
prices were determined in the broad economy. Further-
more, farm profit maximizing behavior implied that
changes in prices of farm outputs and of biological in-
puts would not affect farm size. Similarly, advances in
biological technology would not affect farm size but
mechanical technology would.

Barkley showed that migration of labor out of
US agriculture, 1940-1985, responded primarily to
changes in the returns to agricultural labor relative
to nonagricultural labor returns. Gale showed that
entry of young farmers over 1979-1987 was affected
by demographic and economic factors associated
with expected profitability of farming and nonfarm
employment opportunities. Huffman showed that in-
dividual, household, farm, and off-farm factors affect
farmers’ off-farm work participation rates.

In earlier work, we (Huffman and Evenson, 1993)
focused on the impacts of public and private R&D
on agricultural productivity, ignoring farm structure
variables. However, structural change may restrict
or amplify the impacts of R&D and thereby be an
important channel to productivity change. The ob-
jectives of this paper are to test whether structural
change in US agriculture is an important channel to
TFP growth and to evaluate the relative impact of
public research and education policies, private R&D
and market forces, and government farm programs

on structural change.? The analysis is conducted
with the aid of a six-equation econometric model and
state aggregate data for 1950-1982. This time period
is chosen because it represents a period of unusu-
ally rapid technological and structural change in US
agriculture. Confining the analysis to this period also
allows us to build upon an unusually rich data set that
we have constructed.

In this paper, we focus on three dimensions of farm
structure — farm size, specialization, and part-time
farming, and productivity. We do not separately ana-
lyze the number of farms because the rate of change in
farm numbers and average acres per farm for a given
region are very highly negatively correlated, e.g. see
Frisvold and Lomax (1991), p. 5. Also, a measure
of farm size better reflects farmers’ decisions as they
respond to market forces and governmental policies.
With a large share of farmers participating in off-farm
work (OECD, 1994) and off-farm work participation
being used as an aid to entry and exit from farming
while staying partially employed in agriculture, we
have chosen the off-farm work participation rate as the
key indicator of operator—labor adjustment associated
with structural change.

Part of the evidence presented is from ‘counter-
factual’ scenarios, e.g. if public R&D and education,
private R&D and market forces, or government farm
programs had remained unchanged over the study pe-
riod, how would structural change of US agriculture
differed? Were the impacts of public R&D and educa-
tion larger or smaller than those of private R&D and
market forces? These are issues that arise frequently in
policy and popular discussions of the changing struc-
ture of US agriculture.

2. Background on structural change in US
agriculture

Agriculture in US has undergone major structural
change over the past 100 years. In 1890, US farms
numbered 4.5 million; and the number grew steadily to

2 In an earlier paper (Huffman and Evenson, 1993b), we reported
some preliminary evidence of the impacts of public policies on
farm productivity and structure. In the current paper, we have
changed the set of endogenous variables, changed the empirical
definitions of endogenous variables that are similar, and taken a
somewhat different focus.
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Fig. 1. US (real) farm output, farm input, and total factor productivity, 1890-1990.

6.4 million in 1910. Little change then occurred until
the Great Depression pushed the number to 6.8 million
in 1935. Farm numbers decreased most rapidly from
1950 to 1969, going from 5.4 to 2.7 million or decreas-
ing at an annual average rate of 3.6% (Gale, 1994).
Since 1970, there has been a slow decline in farm
numbers. In 1990, the 1.9 million US farms equaled
only 30% of the number at the peak in 1935 and 35%
of the 1950 number.

Aggregate US farm output was about 5.5 times
larger in 1990 than in 1890, and the average annual
rate of increase was significantly faster after 1935 (see
Fig. 1). With the number of farms declining, and ag-
gregate output growing, average output per farm, one
measure of farm size, grew rapidly. Using this mea-
sure, average farm size was 1.6 times larger in 1940
than in 1890, but was 8.8 time larger in 1990 than in
1940. Since 1960, farms have also become more spe-
cialized in the products or outputs that they produce.

Somewhat surprising, the index of aggregate real
input under the control of US farmers has not changed
much over the past 100 years, but the composition of
inputs has changed dramatically. Aggregate real input
in 1990 is only slightly larger than in 1890 (Fig. 1),
and larger growth in aggregate output is possible only
with productivity growth or technical change.

Fig. 2 shows the trends in labor, land and buildings,
farm machinery, and chemical used in agriculture from
1910. to 1994. These data show a sizeable decrease
in labor use, especially after 1950, and the changes
are generally parallel to the reduction in the number
of farms. At the same time, machinery and chemical
input use increased, and the land and buildings input
remained largely unchanged over time. Thus, land and
buildings input per farm has risen at approximately
the same annual rate that farm numbers have declined.
The positive trend in machinery input showed a major
reversal in 1980 and declined through 1994,



130 W.E. Huffman, R.E. Evenson/Agricultural Economics 24 (2001) 127-147

450
400
350 ]T
300 %( \ b 7& u“%x
}3\/“ i
250 A —e—LABOR
3 —— LAND
£ —a— MACHINARY
—— CHEMICAL

N,

0+

1910 1920 1930 1940 1950

Year

1970 1980 1990 2000

Source: Data for 1910-1948 from Loomis and Barton (1961), and for 1948-1994 from

U.S. Presdient (1997, pp. 411).

Fig. 2. US aggregate farm input use, 1910-1994 (1948=100).

Over the long term, changes in the real price of farm
output, relative input prices, and innovations have been
major forces for structural change in US agriculture.
Fig. 3 presents evidence on trends for real output and
relative input prices, 1890-1990. It shows that real
farm prices; the index of prices received by US farm-
ers for their outputs relative to the implicit GNP defla-
tor, rose over 1890-1920. The abundant and free land
period ended about 1890, new agricultural technolo-
gies from the applications of science were just starting
to emerge during this period (Huffman and Evenson,
1993, pp. 18-19), and very rapid US immigration and
population growth were occurring during this period,
and ended in 1921 with imposition of the first compre-
hensive immigration quota system. Real farm prices
declined over 1920-1930, rose sharply during World
War II (1940-1945), then went into a long term de-
cline starting in 1945, except for the grain stock and
oil shock years of 1972-1976. Over 1890-1990, the

price of farm machinery relative to the wage of hired
farm labor and price of agricultural chemicals relative
to wage for hired labor show long term large and per-
sistent downward trends, except for the 1930s. They
end the period at approximately one-tenth the begin-
ning of period level but a large share of the decline
was over by 1890-1950.

Although agricultural production in the distant
past was relatively labor intensive, this has changed
dramatically over time. Much of the work has been
mechanized or automated, intensive seed-bed prepa-
ration for field crops has been replaced by no-till
planting, and modern pest control is accomplished by
a combination of chemical and pharmaceutical meth-
ods. Furthermore, new information technologies using
computers, sensors, and satellites have greatly ad-
vanced measurement possibilities for collecting data
with spatial and temporal dimensions on physical and
environmental conditions, input use, and crop yields.
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1 pa/p is the index of prices received by farmers for all commodities divided by the implicit GNP deflator; P, /P, is the price
of farm machinery relative to the wage rate for hired farm labor; P,/P, is the price of agricultural chemicals divided by the
wage rate for hired farm labor. The data are at 5-year intervals. Before 1950, the ratios are constructed from 5-year
average values, and for 1950-1990, the ratios are constructed from annual values.

Source: 1890-1950, from Hayami and Ruttan (1985, pp. 482-3), except for the implicit GNP deflator which is from Friedman and
Schwartz (1982; table 4.8). 1950-1990, from Ball et al. (1997, pp. 1058-61), except for the implicit GNP deflator which is from
Friedman and Schwartz (1982) for 1950-1975 and from the U.S. President (1991) for 1975-1990.

Fig. 3. Relative prices for farm output and inputs, 1890-1990 (1910-1914=1.00).

Compared to 50 or 100 years ago, today’s farmers
spend relatively more time in planning, analyzing,
and managing their farm business and less in field
work and livestock care. Hence, information acquisi-
tion and analytical and decision making skills that are
made possible with higher levels of formal schooling
are increasingly important in US agriculture.

Starting about 1900, US secondary schools were
transformed into new institutions emphasizing train-
ing for the work of life and not just college preparation
(Goldin, 1998). The Midwest, where family farming
was important, was a leader in the transformation.
School enrollment rates of US farm children, 5-19
years of age, grew steadily during 1900-1950 from
50 to 75% (US Department of Education, 1993), then
very rapidly during 1950-1960 as much larger share
of farm youth continued on to high school. In 1950,

the proportion of farm male youth (18-24 years of
age) that had completed high school was about 20%
points lower than for nonfarm youth but by 1980,
high school completion rates for farm and nonfarm
male youth were essentially equal (US Bureau of the
Census, 1981, p 71; 1964, p 408—415).3 Schooling
completion levels of US farmers have increased since
1950. Using evidence on rural farm males 25 years of
age and older, average years of schooling completed in
1950 was 7.4 years, and in 1980, it was 11.0 years. 4

The frequency of reported off-farm work by farmers
is affected by the definition of a farm. If we use a broad

3 The frequency with which farm youth complete college con-
tinues to be lower than for nonfarm youth.

4 The average years of schooling completed by nonfarm adult
males was 9.5 years in 1950 and 12.0 years in 1980.
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definition, as the USDA does generally, the frequency
of off-farm work by US farmers was about 30% from
1900 to 1939, dropping during the two World Wars,
and rebounded to 39% in 1949 (Ahearn and Lee,
1991). This percentage increased during the next two
decades to 54% in 1969 while at the same time the
number of farmers was declining dramatically. During
the subsequent two decades, the frequency of off-farm
work by farmers stayed approximately unchanged.

3. Conceptual issues

Production on farms is one of biological processes,
but major differences exist between crop and live-
stock production. The seasonal and spatial nature of
crop production place severe constraints on large scale
units and mechanized production. With plant biolo-
gical (clocks) processes sequenced by day-length and
temperature, little opportunity exits to use mechaniza-
tion to speed up the production processes. Because
planting and harvesting for any given crop must occur
within a narrow time window at any location, a major
limit to size of specialized enterprises occurs. Crop ro-
tation, or nonspecialized production, has historically
been one important method for controlling pest and
disease problems in crops and balancing soil nutrient
availability with plant nutrient needs. Chemical and
biological control of pests and chemical fertilizer ap-
plications are relatively new technological alternatives
to crop rotation, and they have facilitated crop special-
ization.

Because plants occupy fixed land area as they grow,
machines suitable for mechanization of crop produc-
tion must be mobile and move across the fields or
through plant materials that are fixed in location. Thus,
a special type of mechanization is required for crops.
This contrasts with industrial (and livestock) produc-
tion where the production plant is fixed and materials
move through it. The latter type of production per-
mits workers to become specialized in one phase of
the total production process and this has aided labor
productivity in the industrial sector. It is difficult for
workers in crop production to be fully employed and
to specialize in any phase of production. Also, Kislev
and Peterson (1982) argued that a farm requires a man-
ager giving full time attention to the farm. To move to
hired management entails a significant cost increase,

and this provides an opportunity for machines devel-
oped to increase the area cultivated.

Livestock production is relatively free of constraints
due to seasonal and spatial attributes. It is economi-
cally feasible to speed up or slow the rate of produc-
tion by changing the diet and activity level of animals
and poultry during the growing and finishing phases.
Production can be organized in sequential phases with
different farms specializing in each phase or all phases
occurring on one farm. Advances in animal health
products, animal feeding, housing and equipment, and
management have made it possible to speed up the
growing and finishing phases by using large confined
animal production systems which greatly increase an-
imal densities and populations (Fuglie et al., 1998).
To further reduce disease problems in confined sys-
tems, animals of different ages can be segregated and
raised apart in ‘all-in, all-out’ systems. With the grow-
ing and finishing of animals and birds in a facility in
phased groups, livestock production becomes similar
to production of industrial goods where workers have
the opportunity to specialize in a particular phase of
production.

Farm size has many different measures; some vol-
ume of output based and some ‘capacity’ based (e.g.
land, capital, cows per farm; see Hallam, 1993). If we
adopt the capacity concept of size, then many biologi-
cal and chemical technologies seem to be size neutral.
However, significant fixed information and adoption
costs turn them into size economies for larger produc-
tion units (e.g. see Rahm and Huffman, 1984; Woz-
niak, 1993; Putler and Zilberman, 1998). Also, Smith
et al. (1984) found that Texas cotton farms had in-
creased revenue per unit output and reduced cost as
farm size became larger. The added revenue came from
larger farms having slightly better marketing decisions
and reduced costs were associated with opportunities
for vertical integration of farming with an input sup-
ply business. Hence, larger farms may have an advan-
tage in accessing or using institutional arrangements
that can increase profits.

Continuing with the capacity concept of farm size,
size is seen to have a complex set of determinants.
Drawing upon static and dynamic agricultural house-
hold models by Huffman (2000) and models of farm
size by Kislev and Peterson (1982, 1996), farm size is
determined by a household’s human capital and land
holdings, available agricultural technologies, relative
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input prices, the off-farm wage and commuting costs
to off-farm work, output prices, and possibly the price
of consumption goods and tastes. For a farm family
to be full-time in farming and to earn an opportunity
wage on their labor, the farm size must increase as the
real off-farm wage increases. Farm households that
are at a locational disadvantage relative to off-farm
jobs can be expected to have different enterprise ac-
tivities and a higher frequency of full-time farming
than those that are located within commuting distance
to a large urban labor market. Farm households that
live within commuting distance of a large urban labor
market may choose to reduce their farm size as the
off-farm wage increases and to engage in part-time
farming or full-time off-farm work. Hence, farm size is
intimately related to off-farm work opportunities and
other factors, including available technologies.

Public and private R&D have been the primary
sources of new agricultural technologies. Public agri-
cultural research has as its major focus enhancing or
maintaining the biological efficiency of farm plants
and animals (Huffman and Evenson, 1993; Fuglie
et al., 1995). Some public research is in the basic and
pre-technology sciences, e.g. biochemistry, plant and
animal physiology, molecular biology, microbiology,
genetics, entomology. Applied agricultural research
in agronomy, animal and poultry science, horticulture
is also undertaken in public research systems. The
R&D activities of the private sector have been con-
ditioned very much by expected profitability which
is closely linked to the intellectual property right
system. The private sector has found it profitable to
focus its R&D efforts on agricultural chemicals; ani-
mal health/pharmaceuticals; and agricultural machin-
ery, equipment, and housing (Huffman and Evenson,
1993; Fuglie et al., 1995; Fuglie et al., 1998). The
private sector’s role in developing new crop varieties
and animal breeds has been very selective. Private
development and marketing of hybrid corn varieties
has a 70-year history (Huffman and Evenson, 1993),
but commercial successes in other areas awaited re-
cent strengthening of intellectual property rights, e.g.
the Plant Variety Protection Act of 1970 and the fa-
vorable court decisions in the 1980s extending patent
protection to biological discoveries (also see Office
of Technology Assessment, 1992).

To frame the questions that we attempt to address,
we develop four testable hypotheses. Each of these

hypotheses is stated in negative form consistent with
classical statistical practices. Although it is well ac-
cepted that R&D, extension, education, and commod-
ity programs affect agricultural productivity, several
related issues remain. Firstly, to what extent is pro-
ductivity change channeled through structural change
in agriculture (Griliches, 1963, 1992). To obtain large
TFP growth, it may require that farms become larger
and more specialized. If this is the case, policies fol-
lowed in some countries to retard structural change,
e.g. the European Economic Community, would slow
TFP growth.

Hypothesis 1. Structural change in US agriculture is
not a channel to TFP growth

Secondly, a debate continues about the effects of
farm size on specialization and of specialization on
farm size. Furthermore, differences in seasonal and
spatial constraints on crop and livestock production
and other factors may lead to substantial differences
across subsectors.

Hypothesis 2. Increasing farm size has no effect on
specialization

Thirdly, larger and more diversify farms have the
potential to provide year-round full-time employment
for farm operators, but larger size seems to be associ-
ated with greater specialization. With specialization,
especially in crop production, labor use is seasonal and
farmers tend to have an excess supply of hours during
the ‘off-season’ which can be supplied to the nonfarm
labor market. Hence, the effects of larger farm size
and greater specialization seem to pull in opposite di-
rections on farmers’ off-farm work participation.

Hypothesis 3. Changes in farm size and specializa-
tion have no effect on off-farm work participation rates
of farmers

Fourthly, a debate continues about the relative im-
portance of public agricultural R&D and education
policies, private R&D and market forces, and govern-
ment farm commodity programs on the structure of
US agriculture. Farmers have had to adjust to many
changes and these changes are seen as having unusu-
ally costs by some groups, e.g. the anti-technology ac-
tivists. These groups see US public agricultural R&D



134 W.E. Huffman, R.E. Evenson/Agricultural Economics 24 (2001) 127-147

policy as primarily causing the changing structure of
agriculture. Others see technical and farm structure
changes as being necessary for US agriculture to be
integrated into the US economy and competitive in
domestic and foreign markets. Thus, the relative mag-
nitudes of economic forces for change are at issue.

Hypothesis 4. Public agricultural R&D and educa-
tion policies have been unimportant relative to private
R&D and market forces for changing the structure of
agriculture.

Hypothesis 5. Farm commodity programs have had
no effect on farm structure.

By testing these hypotheses within an econometric
model, we hope to shed new light on the structural
change debate. We, however, expect many other unan-
swered questions to remain.

4. Empirical evidence

To test these hypotheses, we specify a model, fit it to
state aggregate data 1953-1982, and perform counter
factual simulations of different historic scenarios.

4.1. The data, variables, and model

Although the methods used and data are not per-
fect and the evidence is not easy to interpret, we sub-
mit it in an attempt to elevate the quality of the farm
structure and productivity debate. We build upon the
Huffman and Evenson model and data for state total
factor productivity (Huffman and Evenson, 1992) by
including new variables for farm specialization, farm
size, part-time farming, the farm wage relative to the
nonfarm wage, price of machinery services relative to
the farm wage, and price of fertilizer relative to the
farm wage.

In the Huffman and Evenson model, state total
factor productivity is expressed as a three equation
model. The three equations are for a crop subsector,
livestock subsector, and aggregate agricultural sector.
In the current study, we focus on six endogenous vari-
ables: crop subsector total factor productivity (TFPC)
and specialization (SPLZEC), livestock subsector
total factor productivity (TFPL) and specialization

(SPLZEL), overall farm size (SIZE), and odds of
farmers’ off-farm work participation [OF/(1—OF)].
See Table 1 for the exact definition of these variables.

The Huffman and Evenson data set (see Huffman
and Evenson, 1993, pp. 122-124) was developed at
Yale University, and it builds upon the recommenda-
tions of the AAEA Task Force on Productivity Statis-
tics (USDA, 1980) and earlier work by Landau and
Evenson. In this data set, the New England states,
Alaska, and Hawaii were excluded primarily because
they accounted collectively for only a small share of
total US farm production (about 2% in 1974), and this
share has been declining over time. Farming in Alaska
and Hawaii also face unusual geoclimatic conditions
relative to farming in the other 48 states.

The Huffman and Evenson data set spans the years
1950-1982. Although agricultural productivity and
structural change have continued after 1982 (e.g. see
Office of Technology Assessment, 1992), the period
1950-1982 spans an unusual period from a historical
perspective. During 1950-1970, US agriculture expe-
rienced very rapid technical and structural change, and
the real agricultural output price decreased rapidly.
The number of farms declined by 50% over this pe-
riod (Gale, 1994), output per farm grew rapidly, farms
became more specialized, and farms adopted signi-
ficantly more powerful and versatile farm equipment
(Binswanger, 1986; Gardner, 1992, p. 70) and larger
quantities of agricultural chemicals (Fig. 2). Fur-
thermore, the rapid increase in agricultural chemical
usage continued through 1981. The remainder of the
1980s, however, was one of US agriculture adjusting
to a financial crisis, associated with freeing interest
rates in the late 1980s, and slower growth in world
demand for US agricultural products which caused a
new set of changes leading to a decline in aggregate
inputs used in agriculture (Ahearn et al., 1998). We,
however, believe that the period under analysis is
an important one, and we will argue that we do not
anticipate dramatic changes in the relationships over
later years of the 20th century.’

> Furthermore, it would be quite costly to extend all of the series
used in this study. The USDA (Ball et al., 1999) has been engaged
in constructing a new set of state accounts for the agricultural
sector 1960-1996, but these data do not contain crop and livestock
subsectors, which have been impacted differently by technical
change during the post-World War II period.
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Symbol

Definition

Endogenous
TFPC and TFPL

SPLZEC and SPLZEL

SIZE

OF

OF/(1-0OF)
Exogenous

APPC and APPL

SCC and SCL

RESC

RESL

PRIVCG and PRIVLG

EXTCG and EXTLG

SCH

WAGEF
WAGEMG/P

PMACH
PFERT
NPSUPPORT
NPSUPMLK
NDVERSION

YEAR
D,

A 5-year moving average crop subsector (C) and livestock subsector (L) multi-factor productivity indexes.
Annual TFP series derived as Tornqvist-Theil output index divided by Tornqvist-Theil input index, 1.00
for national mean 1949-1952 averaged using values for the current and four preceding years (Huffman
and Evenson, 1993b).

Crop (C) and livestock (L) specialization index: index represents the extent to which farms in a particular
state specialize in the production of major crop (or livestock) commodities (devised from the farm-type
data, US Bureau of the Census (1952, 1956, 1961, 1964, 1967, 1972, 1977, 1980, 1984), and interpolated
between census years; see Table 4). For each state, the crop and livestock specialization indexes are
normalized by their respective values in 1950.

Index of average farm size: index representing the real service flow from cropland — equivalent farmland
and from other farm capital stocks (e.g. machinery, breeding stocks). This index is normalized by its
average value over 1949-1952.

The share of farm operators reporting any days of off-farm work (taken from US Bureau of the Census
(1952, 1956, 1961, 1964, 1967, 1972, 1977, 1980, 1984) and interpolated between census years).

The average odds of off-farm by farm operators.

Stock of public applied crop (C) and livestock (L) research in 1984 dollars, total lag of 33 years, trapezoidal
shape weights 7 rising+6 constant+20 declining. Research spillins from similar subregions and regions
are included (Huffman and Evenson, 1993b).

Stock of public pre-technology science crop (C) and livestock (L) research in 1984 dollars. Lag pattern
and spillin as in APP and APPL (Huffman and Evenson, 1993b).

SCC+APPC: The stock of public crop research.

SCL+APPL: The stock of public livestock research.

Private crop (C) and livestock (L) research stock in 1984 dollars, total lag of 33 years, trapezoidal shape
746420, adjusted for the number of geoclimatic subregions (Huffman and Evenson, 1993b).

Public extension stock having a commodity focus in days per year, total time lag of 3 years (0.5, 0.25,
0.25), adjusted for number of geoclimatic subregions (Huffman and Evenson, 1993b).

Schooling of farmers: average years of schooling completed by rural males 15-65 years of age, interpolated
between census years (Huffman and Evenson, 1993b).

Wage rate for hired farm labor (Huffman and Evenson, 1993b).

Nominal wage rate for production workers in manufacturing divided by the cost of living index (Huffman
and Evenson, 1993b).

Price index for farm tractors (Ball, 1985).

Price index for fertilizer (Huffman and Evenson, 1993b).

Government crop price support: weighted ratio of support price to market price for crops (Huffman and
Evenson, 1993b).

Government milk price support: weighted ratio of milk support price to milk market price (Huffman and
Evenson, 1993b).

Government crop diversion payments: equivalent price ratio of direct government crop acreage payments
(Huffman and Evenson, 1993b).

Trend

Share of a state’s agricultural land classified in rth geoclimatic regions, r=1,.. ., 16 (Huffman and Evenson,
1993b).

In this study, total factor productivity is expressed
differently than in the earlier Huffman and Evenson
paper in the sense that here we use a 5-year moving
average of annual total factor productivity rather than
the actual annual values. The reason for this change is
our emphasis in this paper on structure and organiza-

tion of agriculture which we believe to be a medium
— to long-run phenomena. The 5-year averaging
removes ‘noise’ from the productivity series.

Special attention is given to the new variables and
variables where ambiguity about definitions might
arise. In defining specialization, we have chosen
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to maintain the crop-livestock subsector distinction.
Each specialization index measures the extent to
which specialized farms of a particular type produce
particular crop (or livestock) products rather than
farms that have a diverse or general farm output mix.
Hence, they are indexes of farm level specialization,
i.e. production of a particular commodity by its spe-
cialized farm type relative to total output of the com-
modity produced by all farms. For crop specialization,
five agricultural census farm-types are distinguished
and weighted in the index. They are cash grain farms,
vegetable and melon farms, fruits and tree nut farms,
cotton and tobacco farms, and other field crop farms.
For livestock specialization, only three agricultural
census farm-types are available for weighting. They
are poultry farms, dairy farms, and other livestock
farms. Specialization indexes created at agricultural
census years are linearly interpolated between census
years.

In other studies, farm size has taken a variety
of definitions. They include output-based measures
(e.g. Hanson et al., 1989) and ‘capacity’ measures,
e.g. value of farm assets, acres operated, milk cows
per farm, and full-time equivalent number of em-
ployees (Kislev and Peterson, 1982, 1996; Batte and
Sonka, 1985; Reimund et al., 1987; Weersink and
Tauer, 1991; Hallam, 1993). Each of these measures
has its advantages and disadvantages. We employ a
‘capacity’ type measure of farm size, defined as an
index of the average (real) value of annual capital
services from cropland-equivalent farmland, farm
machinery, and breeding stock. With this measure,
an emphasis is placed on the fact that agricultural
production requires input of capital services but does
not require ownership of the associated capital assets.
This measure of farm size differs from those based
strictly on tillable acres of farmland, e.g. see Kislev
and Peterson (1982, 1996) and Batte and Sonka
(1985). Furthermore, our measure is not strictly nat-
ural resource-based because it includes services from
reproducible capital in machinery and breeding stock.

Part-time farming is defined as the odds (in favor)
of farm operators’ off-farm work participation. Data
from off-farm work participation are taken from US
Bureau of the Census (1952), and values between cen-
sus years are linearly interpolated. We express off-farm
work participation as the odds, which gives it better
statistical properties than the proportion participating.

Private agricultural research expenditures by state
and year were constructed by Huffman and Evenson as
follows. First, Huffman and Evenson worked from US
private sector expenditures on agricultural research on
(i) engineering and management, (ii) diseases of plants
and animals, and (iii) insects, weed control and plant
nutrition (see Huffman and Evenson, 1993, p. 119).
Private agricultural research expenditures in categories
(i) and (ii) were split into crop and livestock compo-
nents using data on the share of private inventions by
sector intended for use on livestock versus crop farms
(Huffman and Evenson, 1993, p. 143). Crop sector pri-
vate research expenditures then consist of R&D expen-
ditures on crop related engineering and management,
plant diseases, insects, weed control and nutrition.
Livestock sector private research expenditures consist
of R&D expenditures on livestock related engineering
and management and diseases of animals. Second,
these annual expenditures were then converted to
constant prices (1984 dollars) using the Huffman and
Evenson research price index (Huffman and Evenson,
1993, pp. 96) and then into a national stock of private
R&D using trapezoidal timing weights, which were
the same as for public agricultural research. Third,
state private R&D stock variables were obtained by
weighting the national private R&D stock variables
by state input cost shares. A state’s private crop R&D
stock is obtained by weighting the national crop re-
lated engineering and management research stock by
the state’s farm crop production capital service cost
share and the national plant disease, insects, weed
control and plant nutrition research stock by the state’s
farm crop production fertilizer and other chemicals
cost share. A state’s private livestock R&D stock is ob-
tained by weighting national livestock relatedly engi-
neering and management research stock by the state’s
farm livestock production capital service cost share
and the national livestock disease and insect related
stock by the state’s farm livestock production feed
cost share (see Huffman and Evenson, 1993, p. 193).

The model of structure of agriculture and produc-
tivity is a six-equation structural econometric model
having six endogenous variables and 38 exogenous
variables including a time trend and 15 geoclimatic
variables. The geoclimatic region variables are the
share of a state’s agricultural land that is classified
in the rth geoclimatic region (see Fig. 4). The geocli-
matic variables represent region-specific fixed effects
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Source: Huffman and Evenson (1993, pp. 195).

Fig. 4. US agricultural geo-climate regions and subregions.

over the period of analysis relative to the 16th region
which is excluded. Econometrically, these regional
variables behave very much like qualitative dummy
variables. They have been shown to affect TFP (e.g.
see Huffman and Just, 1994) and are expected to
affect structure of agriculture.

The two productivity equations have specifications
similar to those in Huffman and Evenson (1992),
except four variables for farm structure are added
as possible channels to productivity change. These
variables are crop and livestock sector specialization,
farm size, and (odds of) farmers’ off-farm work par-
ticipation. We also include in the TFP equation the
farm-nonfarm wage ratio as an indicator of equilib-
rium in farm and nonfarm labor market adjustments.
The ratio has historically been significantly below
one (Huffman, 1996), and an increase of the ratio is
expected to signal tightening in labor market condi-
tions, to encourage mechanization of agriculture, and
to increase TFP.

In specifying the equations for SPLZEC, SPLZEL,
SIZE, and OF/(1—OF), we present a model which per-
mits SIZE and off-farm participation, [OF/(1-OF)],
to affect the extent of crop and livestock specialization
but cross-sector specialization effects are restricted to
be zero. In the SIZE equation, both specialization vari-
ables and odds of farmers’ off -farm work are permit-
ted to have nonzero effects, and in the odds of off-farm
work participation equation, both specialization vari-
ables and farm size are permitted to have nonzero ef-
fects. Weersink and Tauer (1991) found little evidence
of productivity causing size of dairy herds, and our
primary interest is in testing for structural effects on
productivity. Hence, in our model, TFP is not permit-
ted to have feedback effects on specialization, farm
size or farmers’ participation in off-farm work. We
argue that farmers respond to the observed research,
extension, and prices but not directly to productivity.
The exogenous variables entering each of the farm
structure equations include public research, extension,
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and farmers’ schooling, private research, market forces
(represented by the farm-to-nonfarm wage rate, price
of machinery services relative to farm labor, price of
fertilizer relative to farm labor), and government com-
modity program variables. Because our model is one
of relationships among real variables, we represent the
effects of the off-farm wage in real terms and the price
of machinery services and price of fertilizer relative
to the wage for hired farm labor. The two farm input
price ratios represent signals to farmers that affect in-
put substitution. Overall, these variables capture many
of the effects suggested in related earlier studies of
farm structure and farm labor adjustment. Interaction
effects are excluded from the farm structure equations
as a way of simplifying the model, given that no ob-
vious justification exists for including them.

4.2. The econometric results

The econometric model of agricultural structure
and productivity was estimated using three-stage least
squares to take account of endogeneity of regressors
and contemporaneous correlation of disturbances. Al-
though our farm structure variables start in 1950, we
lose some observations at the beginning of our series
because of averaging TFP. The structural model is fit-
ted to annual data 1953-1982 for 42 states. Estimated
coefficients of the structural model are reported in
Table 2. The model fits well in the sense of having a
system R? of 0.70, and a large share of the estimated
coefficients are significantly different from zero at
the 5% level, including 15 of the 16 estimated coeffi-
cients of the included endogenous variables. We use
this model for directly testing Hypotheses 1-3.

Hypothesis 1 is strongly rejected: Structural change,
as represented in our model, is a channel to TFP
change in both the crop and livestock subsectors. An
increase in crop specialization increases significantly
crop subsector TFP and an increase in livestock sub-
sector specialization increases livestock subsector
TFP. The effects on TFP of larger farm size or more
extensive off-farm work participation by farmers dif-
fer between the crop and livestock subsectors, and the
difference may be associated with the more severe
constrains imposed by the seasonal and spatial nature
of crop than livestock production. An increase in farm
size, measured as capacity, reduces crop subsector
productivity but increases livestock subsector produc-

tivity. In contrast, an increase in farmers’ off-farm
work participation reduces crop subsector productivity
but increases livestock subsector productivity. Also,
reducing the disequilibrium between farm and non-
farm labor markets, as reflected in a rise of the farm
wage (relative to the nonfarm wage) has a positive
impact on crop and livestock subsector productivity.

Hypothesis 2 is rejected. A larger farm size (capa-
city) increases crop subsector specialization but
reduces livestock subsector specialization. Hence,
during the period 1950-1982, larger farm size as
measured in this study was not uniformly increas-
ing specialization in agriculture. Also, an increase
in farmers’ off-farm work participation reduced crop
subsector specialization but increased livestock sub-
sector specialization. Hence, an increase in farm size
(capacity) and off-farm work participation by farmers
have mixed effects on tendencies for specialization. ®

Hypothesis 3 is also rejected; farm size and special-
ization have significant effects on farmers’ off-farm
work participation rate. An increase in crop and live-
stock specialization, however, does not unilaterally
change off-farm work participation rates of farmers.
Added crop specialization reduces the odds of off-farm
work participation but added livestock specialization
increases it. The results are consistent with informal
evidence reported by Huffman (1991, p. 86) An in-
crease in average farm size (capacity), however, is
associated with an increase in the odds of farmers’
off-farm work participation.

Additional results include evidence that an increase
in livestock specialization reduces farm size (capa-
city). This may reflect the fact that livestock pro-
duction becomes less land intensive as it specializes
and that livestock housing and equipment services are
relatively small or scale economies in using housing
and equipment. An increases in crop specialization,
however, has a positive (but insignificant) effect on
farm size. An increase in (the odds) off-farm work

6 Also, we find that a decrease in the price of farm machinery
relative to the wage for farm labor increases specialization in both
subsectors. Willis Peterson has suggested to us that farm capital
is less flexible than labor among farm enterprises. Therefore,
as the capital-to-labor ratio increases due to the decline in the
relative price of farm capital, farms will become more specialized.
Alternatively, if farms were highly labor intensive, e.g. as in the
distant past, it would not matter much what mix of crops or
livestock was produced.
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Table 2
Three stage least-squares estimate of six-equation model of agricultural structure and productivity: US state aggregates, 1953-1982 (n=1218)
Variables Crop Livestock Overall average
In TFPC In SPLZEC In TFPL In SPLZEL In SIZE In [OF/(1-0F)]
Endogenous variables
In SPLZEC 1.1292 0.065 —2.636°
In SPLZEL 0.1942 —0.2192 0.4082
In SIZE —0.4272 0.199° 1.330° —0.388% 1.8982
In [OF/(1—-OF)] —0.058° —0.146% 0.116 0.180% 0.077°
Exogenous variables
InRESC 0.805° —0.057% 0.021 —0.3182
InRESL —0.627% 0.266% 0.070? —0.4292
InPRIVCG 0.7312 —0.006 —0.4132 0.6482
InPRIVLG —0.341¢ —0.1562 0.2412 —0.297%
InEXTCG —1.1332 0.105% —0.012 0.1672
InEXTLG 0.558° —0.123% 0.0632 0.056
SCH —0.013 —0.043% 0.057° —0.012 0.003 —0.037
InRESCxInPRIVCG —0.046%
InRESCxIn PRIVLG 0.0472
InRESCxIn EXTCG 0.0992
InRESLxInEXTLG —0.0742
InPRIVCG xIn EXTCG —0.0542
InPRIVLGxInEXTLG 0.0582
SCHxIn EXTCG —0.015
SCHxIn EXTLG 0.018°¢
In (WAGEMG/P) 0.211°¢ 0.3722 —0.3482 —-0.4172 —0.021 2.286%
In (WAGEF/WAGEMG) 0.1942 0.224° 0.098° —0.4062 —0.2812 2.0512
In (PMACH/WAGEF) —0.016 —0.3232 —0.3922 0.2462
In (PFERT/WAGEF) 0.022 —0.1622 —0.036 1.6912
NPSUPPORT 0.5282 0.513% 0.2992 —0.129 —~0.142° 1.4592
NPSUPMLK —1.9422 0.7492 1.290? —1.2302 —0.368? 2.7002
NDVERSION 1.5512 —0.9092 —0.7442 0.254 0.4832 —2.999%
YEAR —0.017% 0.002 —0.0312 0.038% 0.0322 —0.0832
Dy 0.033 0.066 0.2412 —0.1582 —0.075°¢ 0.265¢
D, —0.057 0.226% 1.0232 —0.4692 —0.170% 0.974%
D3 —0.2332 0.4322 1.2982 —0.4622 —0.347% 1.7082
Dy —0.4842 0.111¢ 0.5812 —0.282° 0.1802 0.340
Ds —0.526% 0.1492 0.4942 —0.272% 0.022 0.405°
Deg —0.3272 0.2762 0.6272 -0.7112 —0.179° 1.359%
Dy —0.3392 0.185P 0.189 —0.528? 0.300% 0.9242
Dg 1.484° —0.485 0.182 1.497 —1.498% 0.630
Dqg —0.644° —0.119° 0.946° —~0.4212 —0.110° —0.304¢
Do —0.447% 0.036 0.967% —0.516* —0.157% 0.398°
Dy —2.5492 1.5302 6.1112 0.051 —0.829° 0.948
Dy —0.536% —0.000 —0.102 —0.509% 0.150 0.372
D3 —0.4572 0.295% 0.2912 —0.123° 0.040 0.6622
D4 0.770? —0.275° 0.300° —0.564% —0.160 —0.094
Dis —1.182% 1.3172 2.197% —1.218% —0.754% 5.070?
Interceptd 20.1572 -2.310 64.445% —76.9622 —62.008% 172.445%

4Coefficient is significantly different from zero at 1% level.

bCoefficient is significantly different from zero at 5% level.

“Coefficient is significantly different from zero at 10% level.

dThe fitted effect of a state having land in geoclimate region 16 is included in the intercept; system weighted R2=0.702.
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Table 3

Implied reduced-form coefficients: model of US agricultural structure and productivity?

Variables Crop Livestock

Overall average

InTFPC In SPLZEC In TFPL

In SPLZEL InSIZE In [OF/(1-0F)]

Sample mean

Public R&D and education

InRESC 0.278 -0.013 —0.031
InRESL 0.136 0.087 -0.210
InEXTCG 0.059 0.136 —0.050
InEXTLG —0.078 —0.015 0.017
SCH —0.072 —0.062 0.054
Private R&D and market forces
InPRIVCG 0.117 -0.127 —-0.535
InPRIVLG —0.066 0.058 0.720
In (WAGEMG/P) 0.028 0.151 0.009
In WAGEF 0.516 0.315 0.225
InPMACH —0.478 —0.412 -0.072
In PFERT —0.032 —0.012 0.016
Government commodity programs
NPSUPPORT 1.150 0.511 0.142
NPSUPMLK —1.158 0.694 1.042
NDVERSION 0.444 —0.827 —0.184

—0.056 0.010 —0.289
0.159 —0.005 —0.604
—0.036 —0.012 —0.230
0.170 0.107 0.250
0.011 0.008 0.147
0.213 —0.452 0.211
—0.271 0.306 0.020
—0.060 0.315 0411
0.061 0.144 —0.467
0.204 —0.286 2317
—0.121 0.009 0.245
—0.113 —0.092 —0.109
-1.157 —0.045 0.312
0.095 0.408 —0.007

16.138
17.063
—1.582
-1.787
9.350

8.076
6.970
—2.994
0.424
-0.920
—1.952

0.226
0.092
0.045

2Derived from coefficients of structural model reported in Table 2; effects of interaction variables in the reduced form are evaluated at
sample mean values in order to express implied reduced-form effects in terms of the primary regressors.

participation increases average farm size (capacity).
This result suggests that off-farm income is used to fi-
nance the direct or indirect purchase of capital services
or possibly to increase the capital service intensity
of agricultural production. The conclusion from this
part of the analysis is that changes in farm structure
are a channel to TFP change, increases in farm size
measured as capacity have different effects on crop
and livestock subsector specialization, and increases
in farm size and specialization affect the off-farm par-
ticipation rate of farmers.

To test Hypotheses 4 and 5, we use the implied
reduced-form coefficients derived from the model in
Table 2 to conduct counter-factual simulations. The
implied reduced-form coefficients are reported in
Table 3. The exogenous variables are collected to-
gether in three groups: (a) public R&D and education,
(b) private R&D and market forces, and (c) govern-
ment commodity programs (see Table 3). For each
year, we compute the sample mean value across the
42 states for each of the four farm structure variables
(which are displayed in Fig. 5) and the exogenous
variables. Armed with this information, we are pre-
pared to conduct counter-factual experiments which
will provide the evidence for Hypotheses 4 and 5.

Table 4
Mean values across 42 states of key variables, 1950 and 1982
Variables 1950 1982
Endogenous variables
In SPLZEC —0.003 0.367
In TFPL -0.039 0.474
In SPLZEL —0.006 0.262
In SIZE 0.000 0.561
In [OF/(1-0F)] —-0.472 0.122
Exogenous variables
Public R&D and education
InRESC 15424 16.937
InRESL 16.454 17.772
InEXTCG —2.340 —0.091
InEXTLG -2.215 —0.798
SCH 7.641 11.456
Private R&D and market fixes
In PRIVCG 6.956 9.119
In PRIVLG 5.790 7.912
In (WAGEMG/P) —3.415 —2.941
In WAGEF —0.342 1.327
In PMACH -0.770 -0.826
In PFERT —1.004 —2.145
Government commodity program
NPSUPPORT 0213 0.276
NRSPMLK 0.087 0.112
NDVERSION 0.044 0.039
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Fig. 5. Farm structure: indexes of crop specialization, livestock specialization, farm size, and operators’ off-farm participation — mean of

US states, 1950-1982.

These experiments are designed to show the change
in path of the farm structure variables that would have
occurred if (i) the public R&D and education vari-
ables had been unchanged at their 1950 values over
the 1950-1982 period, (ii) private R&D and market
forces had been unchanged at their 1950 values over
the 1950-1982 period, or (iii) government commodity
program variables had been unchanged at their 1950
values over the 1950-1982 period. ’

To show the impact of these counter factual scenar-
ios, we first compute the predicted value of each farm
structure variable using the actual time series of mean
values, 1950-1982, and from these predictions we
subtract the predicted value of the structure variable
obtained by setting a subset of the exogenous vari-
ables, groups (a), (b), or (c), at their 1950 values for
the whole period while all other exogenous variables
take on their actual value over the period. Figs. 6-9
display the impacts of the three counter factual

7 See Table 4 for beginning and ending year values of key
variables.

scenarios (i), (ii), and (iii) on crop specialization, live-
stock specialization, farm size, and farmers’ off-farm
work participation, respectively.

The impact of private R&D and market forces (vari-
able group (b)) on crop subsector specialization is
much larger and more dramatic than for public R&D
and education (variable group (a) and for government
farm programs (variable group (c)). See Fig. 6. The
impact of the actual path of private R&D and market
forces relative to the 1950 values is to steadily increase
crop subsector specialization, except for 1958, and the
cumulative effect on crop specialization is large by
1982 (about 50%). In contrast, the impact on crop sub-
sector specialization of the actual path of public R&D
and education and of government farm program vari-
ables relative to their 1950 values is insignificant be-
fore 1973. After 1973, the relative impact of public
R&D and education is to steadily increase crop sector
specialization. However, the cumulative effects of pub-
lic R&D and education by 1982 are small (about 10%)
compared to the cumulative effects of private R&D
and market forces. After 1978, changes in the farm
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Fig. 6. Crop sector specialization: proportional difference due to actual vs. 1950 values of (i) public R&D and education, (ii) private R&D
and market forces, and (iii) farm commodity programs, 1950-1982.
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R&D and market forces, and (iii) farm commodity programs, 1950-1982.
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program variables also reinforce tendencies for crop
specialization, but their cumulative effects by 1982 are
relatively small (about 4%).

The three counter-factual scenarios present a cloudy
picture of impacts of variables groups (a), (b), and
(c) on livestock subsector specialization (see Fig. 7).
There is no sustained or dominant trend, and the rel-
ative impacts are generally small compared to crop
subsector specialization. The impact of the actual path
of public R&D and education relative to 1950 values
is to decrease livestock subsector specialization over
1950-1958, to increase it over 1958—1972, and then to
decrease it over 1972—-1982. The cumulative effect of
these differences by 1982 is a significant reduction in
livestock subsector specialization (by about 8%). The
impact of private R&D and market forces run almost
counter to those of public R&D and education. The
impact of the actual path of private R&D and mar-
ket forces is to increase livestock subsector specializa-
tion over 1950-1958, to decrease it over 1958-1974,
and then to increase it over 1974-1982. The cumu-
lative effect of these differences in 1982 is a signifi-
cant increase in livestock subsector specialization (by
about 8%). The impact of the actual path of the gov-
ernment farm program variables relative to their 1950
values is to decrease slightly livestock subsector spe-
cialization over 1950-1958 and to slightly increase
it over 1958-1967. Over 1967-1976, more dramatic
changes occur but they are not sustained. After 1976,
the relative impact of the government farm program
variables is to decrease livestock sector specializa-
tion. The cumulative effect of these changes by 1982
is a reduction in livestock subsector specialization
(by about 4%).

Two groups of variables, (a) and (b), have con-
tributed to increased farm size (measured as capa-
city), and their effects arise from sustained trends over
major lengths of time, but not necessarily the whole
period (see Fig. 8). The impact of the actual path of
public R&D and education relative to their 1950 val-
ues is to increase farm size slowly over 1950-1972,
except for a slight reversal of tend over 1961-1964.
After 1972, the impact of the actual path of public
R&D and education is to steadily and more rapidly
increase farm size. The cumulative effect on farm size
by 1982 is a 17% increase. The impact of the actual
path of private R&D and market forces relative to their
1950 values is to steadily and rapidly increase farm

size over 19501974, except for 1958. The cumula-
tive effect to 1958 is about 24%. However, in 1974 the
trend is reversed, and the impact of the actual path of
private R&D and market forces is to steadily decrease
farm size to 1982 (by about 17%). Hence, the cumu-
lative effect of private R&D and market forces over
the whole period is to increase farm size measured by
capacity by only 7%. The impact of the path of actual
farm program variables relative to their 1950 values
on farm size is without trend and insignificant over the
study period.

Two sets of variables, groups (a) and (b), have a
significant effect on farmers’ off-farm work partici-
pation. The impact of the actual path of public R&D
and education relative to the 1950 values is to increase
slightly the odds of farmers participating in off-farm
work from 1950 to 1954, but thereafter to steadily de-
crease it (see Fig. 9). The cumulative effect by 1982 is
about an 80% reduction in the odds of off-farm work
participation. The impact of the actual path of private
R&D and market forces on the odds of off-farm work
relative to their 1950 values is to decrease the odds
of off-farm work participation from 1950 to 1956, to
increase them over 1956-1958, to decrease them over
1958-1973, and then to increase the odds over the re-
mainder of the period, except for a temporary rever-
sal for 1974-1976. However, the cumulative effect of
private R&D and market forces by 1982 is a 40% re-
duction in the odds of off-farm work participation rel-
ative to 1950. The impact of the path of actual farm
program variables relative to their 1950 values on the
odds of off-farm work participation is without trend
and insignificant over the study period.

From the evidence presented in Figs. 6-9, we reject
Hypothesis 4 for livestock specialization, farm size,
and odds of farmers’ off-farm work participation. Over
the study period, the set of public R&D and educa-
tion variables has been at least as important as the set
of private R&D and market forces for changing these
three dimensions of farm structure. However, neither
set of forces was persistent or very large for livestock
specialization. We accept Hypothesis 4 for crop spe-
cialization. Private R&D and market forces have been
relatively more important than public R&D and edu-
cation for increasing crop subsector specialization. We
accept Hypothesis 5. Farm commodity programs have
had relatively little impact on our four dimensions of
farm structure over the study period.
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5. Conclusions

In this paper, we have presented new evidence on
structural change as a possible channel to TFP growth
in US agriculture, on relationships among four dimen-
sions of farm structure, and on the relative impact of
public R&D and education, private R&D and market
forces, and farm commodity programs on structural
change. We formulated and tested five hypotheses
about these relationships using state aggregate data
1950-1982. Although the study period was unusual
for US agriculture by historical standards, the ma-
jor forces for change continue very much the same
through the 1990s.

Our conclusions are as follows. Structural change in
US agriculture as represented in our model is a chan-
nel to TFP change in both the crop and livestock sub-
sectors, i.e. specialization, size, and part-time farming
do impact TFP, holding other variables constant. A
larger farm size, measured as capacity, contributes
to greater crop subsector specialization but less live-
stock subsector specialization. Specialization impacts
farmers’ off-farm work participation differently de-
pending on where it occurs. An increase in crop
subsector specialization reduces the odds of farmers’
off-arm work but an increase in livestock subsector
specialization increases it. Over the study period, pub-
lic R&D and education have been at least as important
as private R&D and market forces for changing live-
stock subsector specialization, farm size (measured as
capacity), and farmers’ off-farm work participation.
However, we found that public R&D and education
had been significantly less important than private
R&D and market forces for increasing crop subsector
specialization. Farm commodity programs had rela-
tively little impact on farm structure over the study
period.

Overall we conclude that if public R&D and edu-
cation polices had been unchanged at their 1950 val-
ues for the period 1950-1982, major structural change
in US agriculture would have occurred anyway. Other
major forces were at work, e.g. private R&D and mar-
ket forces. In particular, our finding that relative in-
put price changes have contributed to farm structure
change over 1950-1982 is supportive of the earlier re-
sult by Kislev and Peterson (1982). Furthermore, it
seems unlikely that society would choose to change
significantly the course of relative input prices, given

that the wage is central to family incomes. Finally, the
story of farm structural change is a relatively com-
plex one with dominate forces varying, depending on
the particular dimension(s) of farm structure than one
focuses upon.

Although we acknowledge that our data and empir-
ical model are imperfect, we believe that our empirical
results will elevate the quality of the farm structure
debate. Other important issues, however, remain to
be examined. The period starting in the 1980s is one
where new types of biological technologies devel-
oped by genetic engineering, new information tech-
nologies, and institutions for vertical co-ordination
of production and marketing were being tested and
adopted in US agriculture. We, however, expect the
story to be roughly the same over this later period.
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