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Assessing Rates of Return to Public and
Private Agricultural Research

Jet Yee

Abstract. Previous work on the rate of return to
public agricultural research for the United States
has neglected private agricultural research expendi-
tures This study, which factors tn production vart-
ables [itke weather and the shifting health of the
national economy over a 70-year peritod (1915-85),
does tnclude private research When private re-
search 1s omitted, the rate of return to public re-
search rises by almost 20 percent This finding
supports the extension of Federal and Stale funding
for agricultural research, especially i1f 1t can be coor-
dinated with efforts in the private sector

Keywords. Public agricultural research, private ag-
ricultural research, agricultural productivity, rate
of return

Public investment 1n agricultural research has sig-
nificantly boosted U S farm productivity Is it
worthwhile then for society to invest pubhic funds 1n
research and development (R&D)? A large number
of studies have estimated the rate of 1eturn to pub-
li¢c agricultural research (Ruttan, 1980, 1982,
Echeveriia, 1990) 1 Most of them found rather high
rates of return However, the only costs usually con-
sidered have been direct public research
expenditures

The omussion of other production variables, how-
ever, may bias estimates of the rate of return to
public agricultural research Extension varables
(Griliches, 1964, Huffman, 1978} or weather vari-
ables (White and Havlhicek, 1982, Thutle and Bot-
tomley, 1988) have been featured in some studies
No previous work exphatly considers private agn-
cultural reseaich expenditures, which this article
does 1n estimating the rates of return to public and
private agricultural research Huffman and Even-
son (1989) take private research into account in
therr model However, they use the numbe:r of pat-
ents 1n agricultural technology fields rather than
private research expenditures In addition, I intro-
duce a new weather index, factor 1n the state of the
general economy, and employ a much longer time
series on research expenditures than most previous
studies

Yee 15 an economist 1n the Resources and Technology Division,
ERS

18ources are histed 1n the references section at the end of this
article

Model Specification and Data

R&D expenditures introduce a time lag that may
affect productivity First, a paiticular R&D project
may take several years to complete Second, when
completed and 1f successful, it may take some fime
to decide whether to use 1t Third, once a decision
has been made to use 1it, 1t will affect productivity
with a lag because the production piocess takes
time Fourth, after a number of years have passed,
use of the technology will likely decline or even
cease completely because a superior technology ap-
pears These considerations suggest that the lag
structure of R&D expenditures on productivity 1s
quite complex An inverted U-shaped or inverted
V-shaped distribution may serve as a rough
appr1oxamation

My hypothesized production function 15
] m n
- T @, p
@ =A £I1 X, :];Io PUB,*, Eo PRI}

e-ylExtt + -yzGNPt_l + Tawt + ut, (1)
where Q 1s aggregate output, A 1s a constant, PUB,
(PRI,) 1s public (private) research expenditures in
period t, Ext 15 extension, GNP 15 gross national
product (a proxy for the state of the general econ-
omy), W 15 a weather index, and u 1s an ertor term
The X/s are conventional inputs, such as land, la-
bor, capital, and maternals Define total factor pro-
ductivity by

p,=_% - Al puBli i PRI®
I X5 =0 =
3
e-ylExtt + 12GNPt_1 + vgW, o+ “t, (2)

where P 1s agricultural productivity Estimate the
o,s by the observed conventional input cost shares
Data on agricultural productivity and public and
private agricultural research expenditures are from
Langston (1988) Data for public agricultural re-
search funding include only expenditures on
production-related research by the U S Depart-
ment of Agriculture and the State Agricultural Ex-
periment Stations Private research funding 1s
taken from National Science Foundation data for
research dollars spent on agricultural chemicals
and farm machinery and 1s also derived from indus-
try sales information
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Langston’s compilation of private R&D expendi-
tures data has several drawbacks First, private
R&D expenditures by food, seed, and veterinary
pharmaceutical companies are not included Data
on such expenditures are unavailable for the early
years What data are available indicate that private
R&D expendituies on agricultural chemicals and
farm machinery far exceed those on seed and veten-
nary pharmaceuticals The exclusion of R&I expen-
ditures on new food products s not a major problem
since this article considers the productivity of the
farm sector, not the productivity of the agribusiness
secton Leaving out private R&D expenditures on
seed and vetermnary pharmaceuticals may bias the
calculated rate of return to public R&D upward,
with the actual direction of bias depending on how
public and private R&D expenditures are
correlated

Second, private R&D expenditures before 1952
come from sales data and assume that a certain
proportion of sales by farm input suppliers 1s spent
on R&D The proportion of sales spent on R&D is
calculated for the years known and extrapolated to
the unknown years Langston gives several refer-
ences to justify thas assumption about research
spending behavior

Figure 1

The R&D expenditures data in Langston are 1n cur-
rent, dollars I deflated R&D expenditures by a price
deflator for agricultural R&D (Paidey, Craig, and
Hallaway, 1989) The period of my estimation 1s
1931-85 However, data on pubhc and private re-
search expendituies covered 1915-85 to account for
the lag structure of R&D expenditures on produc-
tivity (fig 1)

Fluctuations 1n agricultural productivity growth
are caused largely by changes in weather I include
a weather index 1in my model, first regressing crop
production per acre on a constant and the first, sec-
ond, third, and fourth powers of time for the period
1910-86 The data for crop production per acie are
from the Economic Report of the President 1 then
used the estimated coefficients to obtain a fitted
trend curve for crop production per acte Any devia-
tion of actual crop production per acre from trend 1s
interpreted as a deviation in weather from “normal”
conditions

There 1s almost no change 1n trend crop production
per acre from 1910 to the late 1920's (fig 2) A long
period of rapid growth 1n trend crop production per
acre starts in the late 1920’s This growth slows af-
ter the early 1970's The rise 1n trend crop produc-

Real public and private research expenditures
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Figure 2
Crop production per acre and weather index, 1910-86
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tion per acre can be atiributed to increases 1n the
quality and quantities of nonland inputs (for exam-
ple, farm machinery and chemicals) and to the de-
velopment of improved plant vaneties like hybnd
corn

My weather index can show negative, zero, or posi-
tive values The higher the value of the weather 1n-
dex, the better the weather for agricultural
productivity Extended penods of good weather, as
indicated by the weather index, occurred in the
1940’s, 1960’s, and to a lesser extent, in the 1920’s
The weather 1ndex 1s especially low for the
mid-1930’s, most of the 1950’s, and the mid-1970’s
Volatihity 1n the weather index 1ncreased after the
late 1970°’s This inerease 1n volatihty suggests that
the weather index includes nonweather factors,
especially economic and policy For example, the
shaip drop in my weather index 1n 1983 may be
traced to the influence of drought as well as the
Payment-in-Kind (PIK) program

The corelation coefficient of the weather index (W)
and the ratio of annual total precipitation to annual
mean temperature (P/T) were computed for several
climatological stations from 1915-70 (using data
from Historical Statistics of the United States) The
correlation coefficients of W and P/T for chmatolog-

1950 1960 1870 1980

cal stations 1n Cahifornia, Illinois, Montana,
Nebraska, North Dakota, New York, Oklahoma,
and South Dakota were 0 27, 0 24, 0 50, 0 34, 0 39,
027, 050, and 0 25 This suggests the weather n-
dex 1s a reasonable reflection of actual weather con-
ditions Note that the weather index was based on
crop production per acre while the productivity
measure was based on all outputs and all inputs

I assumed that agricultural productivity also bene-
fits from public extension Extension 1s different
from R&D 1n two respects First, extension affects
productivity mostly 1n the current period Second,
extension does not have the public-good nature of
R&D It 1s for these two reasons that I use exten-
ston stock (constructed using a depreciation rate of
50 percent) per farm as my extension variable That
18,

Ext, = ?zl,_?:o (1-8¢E,,,

where Ext, 1s real extension expenditures 1in period
t, n 1s the number of farms 1n peried t, and § =05
Data on public extension expendifures are from
Huffiman and Evenson (1987) The data on the num-
ber of farms are from Agricultural Statistics

37




Economic conditions have a hypethetical effect on
ncentives for innovation, with resulting economic
and productivity growth mn the agricultural sector
The notion that inventive activity 1s largely driven
by demand has been most strongly advocated by
Schmookler (1966), who . showed that inventive ac-
tivity (as measured by patents) was related to
earlier movements 1n 1nvestment and output of the
relevant industries Real gross national product
(GNP) acts as a proxy for the economic conditions
facing the agiicultural sector (A 1eviewer sug-
gested that a vaniable more directly related to the
economic health of the agricultural sector may be
preferable to real GNP Real gross farm income per-
formed shghtly worse and real net farm income pei-
formed much worse than real GNP (in terms of
t-statistics) ) Since producers will likely respond to
changing economic’ conditions with a lag, 1 used
GNP lagged one period 1n estimation The data for
GNP are from the Economic Report of the Prestdent

To estimate the parameters of equation 2, take the
log of both sides to get a distributed lag model

InP, = InA + goa, [nPUB,., + 'é_o B,inPRI,_,

+ v, Bxt, + v,GNP,_| + v W, + u, {3)

However, the laige number of lagged variables aie
likely to be highly correlated, using up a large num-
ber of degrees of freedom Thus, to estimate equa-
tion 3, I use the Almon (1965) distiibuted lag
procedure, a method employed in previous studies,
mcluding Chine (1975), White and Havlhicek (1982),
and Thirtle and Bottomley {1988) I assumed that
curtent public R&D {private R&D) has no effect on
productivity for the first 3 (2) years, but, thereafter,
effects last for the next 15 years Private R&D ex-
penditures are assumed to have a shorter time lag
before having an effect on productivaty to reflect the
apphed reseairch (that 1s, short-term) orientation of
much private 1eseaich The assumption that R&D
expenditures have an effect on productivity over 15
years 15 consistent with previous studies, including
Evenson (1968) and Chne (1975) I also assumed
that the nonzero weights o,’s (B,’s} follow a second-
degree polynomial o, = a5 + a;1 + a2 (B, = b, + by1 +
b,12) as per my earlier discussion suggesting an 1n-
verted U-shaped distribution Imposing the end-
point restrictions c; = a;53 = 0 and By = B4 =0
produces the equation to estimate

fHPt - ln.A + Uanslt + b?‘lnSQt

+ 'y]Ext, + ’YZGNPt‘—I + 'Yth + ur, (4)

17
where InS;, = 2 (54 — 2Li +:2) InPUB,,

=4
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16
and InS,, = T (34 — 191 +12) InPRI, ,

=3

The nonzero weights can be obtained as a, = (54 -
211 +12) a,and B, = (34 —191 +12) by, Denvations
are given 1n the appendix

Using the estimated parameters fiom the dis-
tributed lag model equation 3, one can estimate the
rate of 1etuin to public agricuitural research The
parameter estimates for the distributed lag coeffi-
cients 1n equation 3 are the oulput elasticities of
the R&D variables for each year of the lag, for
example

_ HnP, (5)

a‘f
olnPUB, .,

That 1s, o gives the effect on current productivity
of public R&D expenditures 7 periods back

The estimated «_’s can be used to calculate the rate
ol return to public R&D as follows (from equation

5)
JinP, aP,  PUB,.

= - = (6)
alnPUB,_. JPUB P,

=7

Rearrange equation 6 to get the marginal product of
public R&D

JoP, P,

O a, — (7)
JPUB,_. " PUB,_,

Multiplying both sides of equation 7 by (Y /aPy),
where Y 15 the value of output, yelds

('JPt OYI r, aY, 8)
- - _ _ =0, —— —,
aPUB,_. oP, PUB, . apr,
or
Y P
VMP,, = Y, = a, -t a_Y‘ (9)
’ aPUB,_. PUB, . dP,

Equation 9 gives the effect of public R&D expendr-
Lures 1n period t—r on the value of output in period
t The rate of return (r) for an additional research
expenditure of APUB,_. 1n period t—1s the discount
rate that results in the following equality

T AY,
AP = =3+
UB, =0 (L+rp 7 (10)
or
< VMP’*T-FI,!-T _ 1 _ 0 (11)
=0 (1+r) -




Empirical Results

I estimated equation 4 by ordinary least squares
(OLS) for 1931-85 Since the Durbin-Watson statis-
tic from the OLS estimation was so low (1 26), I
used the 1terative Prais and Winsten algorithm im-
plemented 1n LIMDEP to correct for autocorrela-
tion Table 1 shows the estimated parameters The
coeffictents of extension, GNP, and weather are ex-
pected to be positive and the coefficients of InS, and
InS, (see appendix) to be negative All the esti-
mated parameters have the expected signs Public
R&D, extension, and weather are sigmficant at the
5-percent level Private R&D 1s significant at the
10-percent level, while GNP 15 significant at the 20-
percent level The derived estimates of the «,’s and
B,’'s are also presented 1n table 1

Using equations 9, 11, and the parameter estimates
of equation 4, one can obtain the rate of return to
public R&D Used for Y, value of output, are cash
marketing receipts from Agricultural Statistics de-
flated by the GNP deflator from the Economic Re-
port of the President Mean values for (P/PUB, .)
and (§Y,/9P,) are used 1n equation 9 For the period
of estimation (1931-85), the geometric mean of P 15
73 02 and the geometric mean of PUB 15 $466 7 mil-
lion The mean value of (2Y/9P) of nearly $1 1 hl-
Iion follows as the slope coefficient of a regression of
Y on a constant and P Using those values yields a
calculated rate of return to public agrieultural re-
search of 49 percent 2

For compatison, I also estimated a model that ormits
private research to determine the bias that results
from 1ts exclusion {see the parameters 1n table 1)
All the estimated parameters have the expected
signs Public R&D, extension, and weather are sig-
mficant at the 5-percent level GNP 1s significant at
the 20-percent level My estimate of the rate of re-
turn to public R&D rises to 58 percent when I omt
private R&D

Many studies have estimated the rate of return to
pubhec agricultural research Most of them found
rather high rates of return, usually in the 30- to 60-
percent range (Ruttan, 1980, 1982, Echeveina,
1390) My estimates of the rate of return to publie
agriculfural research of 58 percent without private
research and 49 percent with private research are
consistent with estimates presented 1n the
literature

2My procedures are standard in the production function ap-
proach to measuring the returns to R&D A second approach for
measuring returns to R&D estimates the consumer and pro-
ducer surplus associated with R&D See Norton and Dawis
{1981) for a review of studies that employ the consumer and pro-
ducer surplus approach

Table 1—Contribution of public and private R&D
expenditures to U S. agricultural productivity!

Dependent vanables

Explanatory variables InP InP
{with private  {wrthout private
R&D) R&D)
386 384
Constant (133 8) (133 3)
— 00031 — Q0047
InS, (-2 16} (-3 68)
- 00012
InS, (-194)
368 375
Ext (247) (2 25)
00001 00001
GNP (162) (139)
0089 0087
w (8 72) {8 66)
Public R&D lag Public R&D lag
coellicients, e, Pnivate R&D coeflicients, o
(with lag {(wathout
private R&D)  coefficents, B, private R&D)
t 0 0 0
t-1 0 0 0
t-2 ¢ 0 0
t-3 0 0017 0
t-4 0043 0031 0066
t-5 0081 0043 0122
t-6 0112 0053 0169
t-7 0136 0060 0207
t-8 0155 0065 0235
t-9 0167 0067 0254
t- 10 0174 0067 0263
t-11 0174 0065 0263
t-12 0167 0060 0254
t-13 0155 0053 0235
t-14 0136 0043 0207
t-15 0112 0031 0169
t-16 0081 0017 0122
t-17 0043 0 0066
t-18 o 0 0
P 0 384 0 467
Dw 200 208
R2 984 982
No of obs 54 54

! Estimates of equation 4 with and without private research

Notes T-statastics are shown in parentheses P is agricultural pro-
ductivity Ext 15 extension stock per farm GNP 15 real gross na-
tional product Wis a weather index S; and S, are defined 1n the
text p 1s the estimated value of the first-order autoregressive co-
elficient of the disturbance terms DW 1s the Durbin-Walison sta-
tistic (after correction for autocorretation)

Most previous studies, however, exphcitly consid-
ered only public research, obtaiming their rate of re-
turn estimates by dividing the marginal product of
public research by a factor of 3 to take into account
the two omitted varables, private research and
public extension These studies assume that public
research expenditures, private research expendi-
tures, and extension expenditures are each about
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equal (See, for example, Griliches, 1964, p 968,
Biedahl and Peterson, 1976, p 688, and White and
Havlicek, 1982, p 52 ) Data suggest this may not be
a good assumption By contrast, my model exphcitly
takes into account private research expenditures
and public extension expenditures as well as
weather and the state of the general economy

My estimate of the rate of return to private R&D
based on the geometric mean of PRI (private re-
search expenditures) of $302 milhon 15 38 percent,
almost 25 percent lower than the rate of return to
public R&D Theie are several possible explana-
tions for the lower rate of 1eturn to private R&D
Fust, the man purpose of the private sector 1s Lo
make profits and only indirectly to increase agri-
cultural productivity By contrast, one of the main
goals of public agricultural research 1s to increase
agricultural productivity Second, a public exten-
sion system facilitates the adaption of public re-
search results

Thud, puvate agriculturalt R&D giows from firms
that think they will be able to appropnate all the
returns Lo their R&D by increasing the prices of
their outputs These piice increases should be 1e-
flected as quality changes 1n quality-adjusted price
indexes and thus should already be taken into ac-
count 1n a constructed measure of total factor pro-
ductivity for the agricultural sector Private
agricultural R&D may have little additional 1nflu-
ence on agricultural preductivity ence the higher
quality of the inputs has been taken into account
However, some private 1esearch spending must be
accounted for 1f firms aie not able to appropnate
the full returns to thenn E&D investment, and the
price indexes have not been quality-adjusted Mans-
field and others (1977) determined that the private
1ate of 1eturn to private research was about half the
social 1ate of return

While I found a higher rate of return to public R&D
than private R&D 1n agnculture, studies of rates of
return to R&D in manufacturing find just the op-
posite (Lichtenberg and Siegel, 1991} This dif-
ference may be because publicly funded R&D 1n
manufacturing is mainly 1n areas in which 1t 15 daof-
ficult to measure productivity, such as in defense
and space

Conclusions

Taking private agricultural research, weather, ex-
tension, and the state of the general economy 1into
account, I calculated a lower rate of return to pn-
vate than pubhc agriculiural research Future Fed-
eral and State funding for agiicultural research
should be continued in light of its high rate of re-
tmin However, the rate of return to public agri-
cultural 1esearch has been overestimated since

40

most studies have 1gnored private research expen-
ditures Decisions on the allocation of public re-
search funds to various reseaich areas should take
into account the type and volume of research being
conducted 1n the private sector
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Appendix

Since a, =0, for1=0,1, 2, 3, and 1 = 18,
17

2o lnPUB,, = 3 (ay + ayt + aginPUB,_,,

t

=4

on substituting for o, The endpoint restiictions, 0g
= o5 = 0, g1ve two equations

a3 = a4 + 3a; + 8¢y = 0, and
g = @g + 18a, + (1832a, = 0,
from which I can solve for a, and a, 1n terms of a,
a, = b4a, and a, = —21a,
Substituting for a, and a, gives
17
2 (b4a, - 21ayt + aa1?)InPUB,
=4
17
= a, Z (54 -21: + 12)InPUB,_,
t=d
= ayin8,,,
and
o, = g + a1 + asl?
= bda, — 21lay + ayl?
= (54 -211 + 12)a,
The sign of a, 1s expected to be negative (for o to

have a maximum) A similar procedure can be
employed to obtain [nS,, and B,
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