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RATES OF RETURN TO AGRICULTURAL
RESEARCH AND EXTENSION IN THE SOUTHERN REGION

Fred C. White and Joseph Havlicek, Jr.

The interregional transfer of agricultural re- approach provides estimates of the marginal
search results has long been recognized by rate of return on regional investments in agri-
sociologists and economists [10, pp. 524-526]. cultural research and extension net of interre-
The first major economic study in this area gional effects. Also, the effects arising from a
was reported in 1957 by Griliches [7]. However, failure to account for interregional transfers is
many economists have failed to account for measured.
this type of transfer in estimating rates of re-
turn for agricultural research investment at
the state level. A possible explanation for the
failure to account for this transfer is that many ANALYTICAL FRAMEWORK
analyses at the state level are modeled after
national studies. Though researchers estimat- The input-output relationship for agriculture
ing a national rate of return may not feel a need can be broadly defined to include conventional
to account for interregional transfers, these inputs of land, labor, and capital as well as in-
transfers clearly cannot be ignored at the state puts such as research, extension, and educa-
or regional levels. Latimer and Paarlberg [9] tion. The contribution of the latter inputs to
and Bauer and Hancock [2] estimated aggre- agricultural production can be estimated by
gate production functions for states and had fitting a production function for a commodity
difficulty finding a statistically significant re- or the agricultural sector as a whole in such a
lationship between research expenditures manner that these inputs are included as
within the state and agricultural output. Bauer separate variables. A principal advantage of
and Hancock finally estimated a lagged rela- including such variables directly in the produc-
tionship that is in conflict with other concep- tion function is that it may quantify the effect
tual and empirical models. Latimer and Paarl- of research and extension on agricultural out-
berg concluded that research is so pervasive put. This approach identifies the marginal pro-
that there are no measurable differences in duct of research and extension, which is useful
levels of farm income attributable to differ- for guiding research and extension investment
ences in research inputs by states [9, p. 239]. decisions.
More recently, Bredahl and Peterson [3] The time path of output response to in-
examined the differences in rates of return to creased expenditures on research is particular-
cash crops, dairy, poultry, and livestock re- ly important in estimating the benefits from
search among states. These estimates are ap- research. If the output response is not forth-
propriate if agricultural research results are coming in the same year that the investment is
limited by state boundaries. The interregional made, the estimated marginal product over-
transfer of agricultural research results needs states the marginal returns from research in-
to be taken into account in estimating the re- vestment. Evenson [6] was perhaps the first to
turns to agricultural research at a regional identify the nature of the lag between the re-
level. search input and increased output. He found

The objective of this article is to estimate the that, in response to increased expenditures on
effect of investments in agricultural research research, agricultural output first increased
and extension on agricultural production in the and then decreased, with the average response
Southern region.1 The authors estimate the reaching a maximum in the sixth year. At the
separate effects of investments in agricultural regional level this lagged relationship is hy-
research and extension within the region and of pothesized to exist for research investments
agricultural research outside the region. This both within the region and outside the region.
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'As defined in this study, the Southern region includes Alabama, Arkansas, Florida, Georgia, Kentucky, Louisiana, Mississippi, North Carolina, Oklahoma, South
Carolina, Tennessee, Texas, Virginia, and West Virginia.
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However, there may be a slight delay in adopt- tural input and output data were obtained
ing research results from outside the region. from Farm Income State Estimates, 1949-1972
Measuring the influence of extension on agri- [13] and Changes in Farm Production and Ef-
cultural productivity separately from research ficiency [12]. 3

has proved difficult in the past [e.g., 6, p. 1421]. The model parameters of equation I were
Therefore, within-region research and estimated by using the Almon [1] distributed
extension expenditures are combined into one lag procedure. On the basis of the work of
variable. Evenson [6] and Cline [5] a second degree poly-

Formal education of farm managers and nomial was selected as most appropriate. Be-
workers is hypothesized to increase productivi- cause the error terms were serially correlated
ty by improving labor skills and managerial when the raw data were used, all variables were
ability. An index of years of schooling adjusted using a first-order autoregressive
weighted by schooling-class incomes has been scheme.
used in previous studies as an educational at-
tainment index [6]. A similar approach is used RESULTS
here.

The model used to estimate the effect of re- Regression Results
search on production is:2

Two regression equations estimated for the
(i ((1)2 =2 3+i mn 0l=m+4+i CSouthern region are reported in Table 1. In the

(1) Q L C r t-i t-i first formulation (Model I), the Southern
region is characterized as an isolated region

where with no interregional linkages of agricultural
research results or technology. All increases in

(yie) productivity are attributed to research and ex-Q is output per acre of cropland (yield) tension investments within the region. TheL is labor input, adjusted for educational at- seond fm tin ( e II) allows for inter-second formulation (Model II) allows for inter-
tainment, per acre of cropland regional transfer of agricultural research re-

C is capital input per acre of croplandis capital input per acre of cropland sults and technology. This equation quantifies
X is agricultural research and extension ex- the separate effects of (1) research and exten-

penditures within the Southern regionn the So n ... . ^ri nr^ rp~rp p~np r sion investments within the Southern regionY is agricultural research expenditures and (2) research investments outside the
outside the Southern regionoutside the Southn r n Southern region. This formulation should indi-

m is the length of lag on expenditures within importance of research- . cate the relative importance of research
the region outside the region in increasing productivity

n is the length of lag on expenditures outside within the region.within the region.
the region. On the basis of earlier work of Evenson [6]

and Cline [5], the 13-year lag was selected as
DATA AND PROCEDURES the appropriate length. It was further assumed

that research investment outside the Southern
The contribution of research and extension region would not affect regional output for the

investment to farm production in the Southern first four years. Then for the next 13 years, in-
region was estimated using time series data for vestment outside the region would affect
the period 1949-1972. Data on research and ex- regional output. The regression results, which
tension expenditures covered the 1929-1972 show the contribution of regional research and
period to account for the lag response to these extension to agricultural productivity, are
expenditures. Sources for research and given in Table 1. The high coefficients of deter-
extension expenditures include the Budget of mination for the two regression models
the United States Government [4]; Combined indicate that both formulations do a good job
Statement of Receipts, Expenditures and of explaining the variation in agricultural out-
Balances of the United States Government put over time. Estimated regression
[15]; Funds for Research at State Agricultural coefficients for conventional inputs of labor
Experiment Stations and Other State Institu- and capital in both models are positive, less
tions [11]; and Annual Report of Cooperative than one as expected, and statistically signifi-
Extension Work in Agriculture [14]. Agricul- cant at the 0.10 level or higher.

'For a production function with output and conventional inputs expressed on a per acre of cropland basis as used in this study, the elasticity of production for crop-
land is one minus the sum of elasticities for other conventional inputs.

'Agricultural output is the sum of farmer cash marketings, government payments to farmers, value of home consumption of farmers, and net farm inventory
change deflated by the index of prices received by farmers for all farm products. The capital input includes (1) expenditures for feed and livestock deflated by the in-
dex of prices paid for feed and livestock, respectively; (2) expenditures for seed, fertilizer, lime, and miscellaneous expenses deflated by prices paid for seed, fertilizer,
and all items in production, respectively; and (3) expenditures for repair and operation of farm capital items and depreciation and other consumption of farm capital
deflated by the index of prices paid for all items in production. The labor variable is hours of farm labor in the Southern region adjusted by an educational attainment
index.
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TABLE 1. TWO ALTERNATIVE PRODUCTION FUNCTIONS FOR THE SOUTHERN
REGION OF THE UNITED STATES

Model I Model II
Coefficient Standard Error Coefficient Standard Error

Labor 0.20327* 0.09183 0.19125* 0.10298
Capital 0.82222** 0.07551 0.77155** 0.20790

Research and Extension Research and Extension Research Outside
Within the Region Within the Region the Region

Coefficient Coefficient Coefficient

t 0.00000 0.00000 0.00000
t-l 0.00329 0.00232 0.00000
t-2 0.00603 0.00425 0.00000
t-3 0.00822 0.00579 0.00000
t-4 0.00986 0.00695 0.00000
t-5 0.01096 0.00772 0.00215
t-6 0.01151 0.00811 0.00394
t-7 0.01151 0.00811 0.00537
t-8 0.01096 0.00772 0.00644
t-9 0.00986 0.00695 0.00716
t-10 0.00822 0.00579 0.00752
t-ll 0.00603 0.00425 0.00752
t-12 0.00329 0.00232 0.00716
t-13 0.00000 0.00000 0.00644
t-14 0.00000 0.00000 0.00537
t-15 0.00000 0.00000 0.00394
t-16 0.00000 0.00000 0.00215
t-17 0.00000 0.00000 0.00000

Sum 0.09974 0.07025 0.06516
pa 0.47683 0.53920
DW 1.98099 2.01107
R

2
0.99 0.99

aThe estimated value of the first-order autoregression coefficient of the disturbances.

bDurbin-Watson "d" statistic.

Statistically significant at the 0.10 level.

*Statistically significant at the 0.01 level.

m m 1
The sum of the regression coefficients of the (2) TMPR = X MPRi = Si (TQ/TR)

research and extension variable in Model I is i=0 i=0
0.10 indicating that a I percent increase in re- where
search and extension expenditures increases
output per acre in the Southern region by 0.10 TMPR is marginal product of research and
percent over its lifetime. The individual coeffi- extension expenditures aggregated over
cients show the distribution of this impact the lifetime of the investment
over time. By accounting for interregional flow MPRi is the marginal product of research
of agricultural research results and and extension expenditures in year i
technology, Model II shows that regional re- TQ is geometric mean for regional agricultur-
search and extension investments have a aloutput
smaller impact on regional output. In fact, the TR is geometric mean for regional research
sum of the coefficients for research and exten- and extension expenditures.
sion within the region is only 0.07 in this
model. The marginal product for research and

extension expenditures for both models is
Marginal Product and Internal Rate of Return shown in Table 2. If all increases in produc-

tivity are assumed to be attributable to
The marginal product of research and exten- regional research and extension investments,

sion investment can be calculated from the two the marginal product for these expenditures is
regression equations. Because the regression $11.56. However, the marginal product drops
coefficients are elasticities, the marginal to $7.99 if research investments outside the
product of research can be calculated as: region are taken into consideration.
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TABLE 2. MARGINAL PRODUCTS AND is an important source of improved produc-
MARGINAL INTERNAL tivity that is not considered in this study. Be-
RATES OF RETURN TO RE- cause no attempt is made to estimate the effect
SEARCH AND EXTENSION of private research on productivity, the mar-
INVESTMENTS IN THE ginal product and rate of return estimates may
SOUTHERN REGION OF THE be biased. Some authors have argued that be-
UNITED STATES cause private research has been of about the

same magnitude as public research the margin-
Internal Rate al product for research and extension should be

Marginal Product of Return

reduced by one third. This argument is based
on the assumption that public and private re-

(Dollars) (Percent) search have grown at approximately the same
Model I 11.56 50.8 rate over time. However, there appears to be
Model II 7.99 39.8 little evidence that private expenditure pat-

terns are directly related to governmental ap-
propriations for public research. The authors

The internal rate of return is that discount believe that the lack of available data on pri-
rate which would make the current value of all vate research does not seriously affect the ba-
future marginal increases in value of agricul- sic conclusion of the study-that interregional
tural output equal to the incremental cost of transfers of research results should be taken
generating it. The internal rate of return (IRR) into consideration in calculating rates of return
is calculated as: on investment.

m MPR The transfer of agricultural research results
(3) = I . has important implications for the financing of

i=0 (1 ) ' agricultural research and for the allocation of
funding among research activities. Results of

The rate of return calculated from Model I is previous research have almost always shown
50.8 percent (Table 2). After correction for the unusually high social rates of return on re-
influence of research outside the region, the search and extension investments. However,
rate of return drops to 39.8 percent. These re- previous estimates overstated the rates of re-
sults indicate that failure to account for inter- turn for a particular state or region by ignoring
regional transfer of agricultural research re- the transfer of research results from other
suits inflates estimated returns on research states or regions. Because the estimated rate
and extension investments in the Southern re- of return may be lower than has generally been
gion by more than one quarter. assumed, policy makers at the state level will

need to scrutinize research and extension ex-
penditures more carefully in relation to other

CONCLUSIONS AND IMPLICATIONS expenditure alternatives. Also, decisions to
allocate funds among research areas in one

The results of this study demonstrate that state may need to take into consideration the
increases in productivity within a region result type and amount of research being conducted
from research and extension investments both in neighboring states.
within the region and outside the region. The The occurrence of interregional transfers of
model provides an estimate of a factor long rec- agricultural research results indicates a need
ognized but not measured. The transfer of for involvement by the federal government in
agricultural research results across state financing agricultural research and extension
boundaries within a homogeneous production activities. In determining the appropriate level
region such as the Southern region may be of investment, policy makers at the state level
more prevalent than the transfer among heter- have a tendency to be concerned only with the
ogenous production regions (e.g., the Southern benefits to the state and to ignore benefits that
region versus the rest of the nation). This ad- transfer to other states. Consequently, the
ditional transfer of research results, which is level of investment selected by states would
not considered in the authors' study, would re- generally be less than the socially optimum
suit in lower within-state returns for within- level of investment based on returns to the na-
state research and extension investments than tion as a whole. Federal programs, such as in-
the reported regional returns. tergovernmental transfers to finance

Activities other than public research and ex- agricultural research and extension, can be
tension may contribute to quality improve- justified to finance benefit spillovers and
ments in agricultural inputs. Private research ensure a socially optimum level of investment.
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