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IMPACI'S OF PUBLIC RESEARCH EXPENDI'IURES ON 
AGRIOJL'IURAL VALUE-ADDED IN 'lHE U.S. AND 'lHE NORI'FIEAST 

Blair L. Smith, George w. Norton and Joseph HavliCEk, Jr. 

This paper illustrates differences in esti­
mated returns to public agricultural research in­
vestments for the U.S. and the Northeast when 
value-added (VA) as opposed to gross production 
(GP) functions are estimated. Comrodity groups 
considered are dairy, poultry, other livestodc, 
and cash grains. Sizable differences are evident 
in returns estimated with VA as opposed to GP 
functions, with the VA estimates generally being 
larger. Cash grains research yields the largest 
returns at the margin. Dairy research is !!Ore 
productive in the Northeast than the rest of the 
country. 

INI'IDOOCI'ION 

The concept of "value-added" has been widely 
applied to the nanufacturing sector but seldan to 
the farming sector. Value-added is the differ­
ence between the value of the final prGduct and 
the value of inputs consumed to produce that pro­
duct. It is the wealth that accrues to the econ­
ony as returns to labor-managerrent, the stodc of 
durable capital, and the land base when the can­
l!Odity is produced. Research and Extension (R&E) 
related to agricultural production are designed 
to enhance the creation of this wealth. As such, 
the created wealth provides the rrajor justifica­
tion for R&E funding (Kurrz; and Purcell, 1981) . 
As industrial inputs and interfarm transfers of 
inputs becorre increasingly inportant in the farm 
sector, kno..rledge of value-added (VA) as opposed 
to gross production (GP), and like.~ise the iltpact 
of R&E on VA as opposed to GP, becorre increasing­
ly iltportant for R&E allocation decisions. 

The purpose of this paper is to illustrate 
differences in estimated returns to public agri­
cultural research investments for the U.S. and 
tl}e Northeast when VA functions are estimated as 
opposed to the !!Ore camonly used GP functions. 
Comrodity groups considered are dairy, poultry, 
other li vestodc, and cash grains. Estimates of 
value-added used in the analysis are those values 

Blair L. Smith is a former Graduate Research 
Assistant and George W. Norton is an Assistant 
Professor in the Department of Agricultural Eco­
nomics, Virginia Polytechnic Institute and State 
University; Joseph Havlicec, Jr. is Professor and 
Chairnan of the Department of Agricultural and 
Resource Economics, University of Maryland. 

The authors would like to thark Ernest Bentley 
for his helpful ccmnents and suggestions. 
Funding for this research was provided cy CSRS, 
USDA through IR-6, "National and Regional 
Research Planning, Evaluation, Analysis, and 
Coordination." Scientific Article No. A-3520, 
Contribution No. 6594 of the Maryland Agricul­
tural Experiment station. 

109 

created cy on-farm production processes as re­
ported in Kurrz; and Purcell ( 1981) . 

ME'mODS 

Estimation of value-added as opposed to 
gross production functions has a number of advan­
tages. One is the iltproved CCXTparabili ty of data 
for individual ccmrodities when the degree of 
vertical integration al!Ong the camodi ties dif­
fers. A second is the reduction in double coun­
ting of inputs when the output of one product 
enters into the production of a second product. 
A third is that short-run changes in the demand 
for a camodi ty may not change the level of use 
of land, capital, or operator labor, but may 
cause a significant change in the levels of con­
sumed inputs such as fertilizer or energy inputs. 
In this sense consumed inputs are !!Ore endogenous 
than other inputs and their use as independent 
variables is nbre likely to lead to biased esti­
mators if standard least squares procedures are 
used to estimate a GP function. A fourth advan­
tage is that re!!Oval of consumed inputs as inde­
pendent variables in the regression equations may 
reduce multi-collinearity problems. 

The value-added function also requires cer­
tain restrictive assUI!ptions. To justify sub­
tracting consumed inputs from both sides of a GP 
function when constructing a VA function, the use 
of nonconsumed inputs in production must be sep­
arable from consumed inputs. If Q is a gross 
output of the camodity and K, L, N, and M stand 
for capital, labor, land and consumed inputs 
respectively, a GP function can be represented 
cy, 

(1) Q = q(K, L, N, M). 
The notion of value-added which equals Q-M 

has meaning in· a production function fraJte~~Tork 
only if equation (1) can be assumed to take on 
the nested form, 

(2) Q = q[V (K, L, N), M]. 
This requires the marginal rates of substitution 
between K and L, K and N, and N and L in the pro­
duction of Q to be independent of M (i.e., K, L, 
and N cooperate to produce an intermediate good, 
VA, which then cooperates with M to produce Q). 
This is a testable hypothesis. 

The VA function also requires that the coef­
ficients of consumed inputs be constant across 
observations. If the consumed-input coefficients 
remain constant, consumed inputs are being used 
in fixed proportion to output. Further!!Ore, 
under a profit maximization where the value of 
marginal product of each input equals its price, 
the al!Ount of consumed inputs used vary in pro­
portion to gross output if the consumed input­
output price ratio rerrains constant. Thus if 
producers behave in a profit . maximizing manner, 
the replacerrent of GP cy VA can be justified. 

Four GP functions (one for each camodity 
group) and four VA functions were estirrated. The 
general form of the GP functions is the follcwing 
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Cobb-Douglas function: 

(3) Qt 

n et • u 
1T R t-J e t 

j=O t-j 

where, 

Qt 
A 

xit 

Rt . -) 

= value of output per farm in year t 

= a shift factor 
= the i th conventional input per farm 

in year t 
= the expenditure on research per 

state in year t-j 
= a random error for year t 

ut . . . 
B. , a . = product~on coeff~c~ents. 
~ t-) 

The general form of the VA functions is, 

(4) 
m-e 

V = A 1T 
t i=l 

B. 
X l. 
it 

n 
1T 

j =O 

where, 
v = value-added per farm in year t cy the pro­

t duction process 
w = a random error for year t. 

Oth~ variables are identical to those defined 
for the GP functions except that there are m-e 
conventional inputs where c = the nurriber of con­
suned. inputs. 

These functions are estimated cy ordinary 
least squares methods. Marginal products and in­
ternal rates of return to agricultural research 
are calculated and the validity of the value­
added specification is tested. 

VARIABLES AND DATA 

All except research variables were included 
on a per farm basis because the farm is the deci­
sion naking unit. Research variables were mea­
sured on a per state basis to reflect the "public 
good" nature of research. Research used cy the 
farm within a state does not reduce research 
available to another farm within a state. 'lhe 
weather variable in the cash grains functions was 
measured as deviations fran norrna11July rainfall 
and is not expressed in logarithms. 

The major sources of data for the nonre­
search variables were the 1978 Census of Agricul­
ture with price deflations and other adjustments 
made with data obtained fran USDA publications 
Agricultural Prices, 1978 Annual Sunnary, Farm 

1 
For cash grains the specifications of the GP 
and VA functions differ slightly fran (3) and 
( 4) • Letting the weather variable be ~, the 
specification of the GP function is: 

t:!lxlt m t:!i n at-j ~~ 
Q = Ae 1T xi 1T R . e t 

t i=2 tj=o t-J 

and the specification of the VA function is: 

t:!lxltm-<: t:!i n at-j w~ 
Ae 1T xi 1T R j e • 

i=2 tj=O t-

where u' and w' are random errors for year t 
and thetother v'k-iables are the same as in (3) 
and (4). 
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labor, Farm Real Estate Maiket Developrrent, Com­
nerclal Fertilizer, and Meat Anirrals. State 
Agricultural Experirrent Station research expendi­
tures were obtained fran Volume II of the Inven­
tory of Agricultural Research for the years 1967 
to 1978. 

The dependent variable for the value-added 
functions is obtained cy taking the state gross 
value of output for specific commodities and ad­
justing cy value-added factors obtained fran KU!1Z 
and Purcell ( 1981) • Because the oommodi ty groups 
are made up of several oommodities, it was neces­
sary to use these data to construct a weighted 
value-added factor for each oommodity group and 
to l!Ulltiply that cy the gross output value for 
that group. 

Except for agricultural research, all data 
are cross-sectional for the year 1978. Agricul­
tural research is incorporated into the functions 
as a twelve year second order Alrron polynanial 
distributed lag using data fran 1967-1978. 'lhe 
main justification for using this particular 
lagged structure was to capture the initially in­
creasing and eventually declining inpact of re­
search on output. 'lhe length of lag is consis­
tent with previous studies cy Evenson (1968) and 
others. A crnplete description of all data sour­
ces and variables can be found in Smith {1982). 

RroRFSSICN RESULTS 

Regression results obtained from estimating 
GP and VA functions for cash grains, poultry, 
dairy, and other livestock are sha•m in Tables 1 
and 2. Most nonresearch coefficients were sig­
nificant at the .OS level with some notable ex­
ceptions in the cash grains and poultry func­
tions. 

Coefficients of the research variables were 
significant at the a = • 05 level in both the GP 
and the VA cash grains functions as measured cy 
t-values, but were nonsignificant in both dairy 
functions. '!hey were significant in the VA but 
not the GP livestock functions and vice versa for 
the poultry research coefficients. Several rea­
sons nay exist for nonsignificance of certain re­
search coefficients. One is the inportance of 
research spillovers across state lines. States 
with a relatively laY amount of research may have 
borraYed fran neighboring states to the point 
that they are just as productive. It is the lag 
in borr0111ing that allaYs one to measure a return 
to research in cross-sectional studies. 

An attenpt was made to capture research 
spillover effects. A spillover variable was cal­
culated for each commodity group cy surrming re­
search expenditures for a oommodity group across 
all states and then subtracting research expendi­
tures for state i to get research expenditures 
outside of state i. 'lhe Almon time weighting was 
then applied. Re-estimating the above equations 
with this admittedly crude spillover variable re­
sulted in negative and/or nonsignificant research 
spillovers. 

Conparisons can be made among research coef­
ficients obtained in the GP functions and those 
obtained in a previous stuc¥ cy Bredahl and 
Peterson (1976) using 1969 Census of Agriculture 
data and cy Norton (1981) using 1974 census data. 
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Table l. Estimates of Cash Grains Dairy Lives tock, and Poultry Gross 
Production (GP) Function~. ' 

Inputs Cash 

Fertilizer .048 

Seed . 151 

Chemicals -.114 

Labor . 319 

Land & Buildings .4 65 

Machinery .080 

Weathe r .040 

Feed 

Cows 

Pasture 

Breeding Stack 

Poultry 

Grains 

( .[,3) a 

( 1. 37) 

( . 88) 

(2.02) 

( 3. 81) 

( . 33) 

( 1. 21) 

Dairy 

.067 - (1.72) 

.09:2 . (1. 80) 

.651 (7.60) 

.304 ( 3. 0 1) 

-.079 (2. 4 7) 

Livestock Poultry 

.167 (2.06) .039 (1.08) 

.440 (3.93) -.160 (2.53) 

.073 (2.28) 1.105 ( 11. 88) 

.483_ (5 . 43) 

-.075 (1.42) 

Research .ll5 (2.05) -.001 ( .06) .037 ( .58) .068 ( 1. 89) 

Sum of b 
Coeffieients .989 1.035 1.163 .909 

R.2 c . 93 .98 • 92 .95 

aFigures in parentheses are t-values with 48 observations for cash grains, 
dairy, and livestock; 43 observations for poultry. 

bExcluding the research coefficient. 

~2 
= 1 -[rn~~= 1 ) r1-R

2
)] is the coefficient of determination adjusted for 

degrees of freedom. 

Variable construction in the present studj' fol­
lc:wed those previous studies as closely as pos­
sible. Hc:wever, because of several changes in 
the 1978 Census of Agriculture the results are 
not strictly carparable. Nonetheless, Table 3 
shews the research coefficients fran all three 
studies. Only in the cash grains cc:rmodity group 
is the research coefficient significantly differ­
ent fran zero in all three periods. '!he research 
coefficients of the 1978 dairy and 1i vestodc 
functions differed significantly fran their 1969 
and 1974 counterparts while the research coeffi­
cient for the 1978 poultry function was very 
close to the 1969 coefficient. 

In order to test for possible differences in 
the production elasticities of research between 
the Northeastern states and the rest of the U.S. , 
the 1978 GP and VA functions were re-estillated 
using zero-one variables to allc:w for variable 
slopes of the research variables (Northeastern 
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states = 1 and states in other parts of the U.S = 
0) • '!he estinated coefficients and t-values for 
the zero-one shifters are shewn in Table 4. Ex­
cept for dairy, none of the coefficients of the 
zero-one variables were significant)¥ different 
between the Northeast and the rest of the U.S. 
Dairy research in the Northeast appears to be 
more productive than in the rest of the U.S. 

'!Wo tests were conducted to determine the 
validity of the VA as opposed to the GP function 
specification. '!he first test, developed cy 
Griliches and Ringstad ( 1971), tested if consumed 
inputs were separable fran nonconsumed inputs and 
if consumed inputs are used in fixed proportion 
to output. '!he results indicate that value-added 
may legitine.tely be used. A second test sug­
gested cy Davidson and MacKinnon (1981) to test 
the appropriateness of one econanetric model in 
the presence of one or more alternative models 
was also applied. '!he results indicated that 
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Table 2. Estimates of Cash Grains, Dairy, Livestock, and Poultry Value­
Added (VA) Functions. 

Inputs Cash Grains Dairy Livestock Poultry 

Operator Labor .083 ( .67) a .158 ( 1. 63) .289 (2.86) .315 (2.19) 

Land & Building -566" (4.60) .366 (2.95) .264 (2. 11) -.310 ( 1. 04) 

Hachinery 
(Fixed Cost) .284 (2. 17) 

Weather .066 ( 1. 89)" 

Cows .690 (5.95) 

Bree ding Stock .637 (6. 71) 

Poultry .459 (;3. 48) 

Research .190 (5.28) -.003 ( .07) .138 (3.54) .135 ( • 74) 

Suo of b Coefficients .999 1. 214 1.190 .464 

ii2 .92 .85 .89 .34 

aFigures in parentheses are t-values with 48 observations 
dairy and livestock; 43 observations for poultry. 

for cash grains, 

b 
Excluding research coefficient. 

cR2 = 1 - [ln~~=1) (1-·R2J] 

for dcgrcco of frccdon. 
is the cocf=icicnt of clctcrninatior. adjuotcd 

Table 3 . Estimates of Research Coefficients from Gross P~oduction 
Function Studies Using 1969, 1974, and 1978 Data. 

Commodity Group 1969 197lf 1978 

Cash Grains .073 (2.72)a .091 (3.68) .115 ( 2. 03) 

Dairy .041 (2. 62) .057 ( 3. 12) -.001 ( .06) 

Poultry .071 ( 1. 84) .017 ( .52) .068 ( 1. 88) 

Other Livestock . 122 (4.69) . 168 (6.98) .037 ( 58) 

aNumbers in parentheses are t-values. 
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Table 4. Research Slope Coefficients For the Northe a s ta 

Commodity GP Function VA Function Group Research Dummy Research Dummy 

Cash Grains -.002 ( .17) .010 ( .67) 

Poultry .006 (1.57) .029 (1.49) 

Dairy .010 (2.84) .025 (2.75) 

Livestock -.018 ( l. 15) -.015 ( . 74) 

a . 
States ~ncluded are. ~faine, Ne1~ Hampshire, Vermont, Massachuset-ts Rhode 
Isla nd, Connecticut, Ne1~ York, Pennsylvania, De laware, New Jerse; 
Ma ryland, a t d West Virginia. The rest of the U.S. is the referen~e· 
i. e . the discrete variable takes on a value of zero. ' 

bNumbers in parentheses are t-values. 

either the GP or the VA functions could be used. 
Details on these tests are found in Smith (1982). 

MARGINAL PROIXJCI'S AND RATES OF RElURN 

'!be estimated research coefficients fran 
both the GP and the VA functions are used to cal­
culate rrarginal products and rrarginal internal 
rates of return to agricultural research. '!he 
naticnal average rrarginal product of research for 
each ccrmodi.cy group is: 

n " 
MPR = j~O a.f (Y/R), 

- t-J 

where I is the arithmetic average number of fanns 
for each ccrmodi.cy group, a is the corresponding 
partial research coefficient lagged j years, R is 
the ~tric mean level of per state research, 
and Y is the geanetric mean level of per fann 
gross output or value-added. 

'!be estimated marginal products of agricul­
tural research are presented in Table 5 and ap­
proximate the long-run return from one dollar in­
vested in research in 1978. '!he MPR for the 
daiiy functions are only for the Northeast while 
the MPR for the other functions are for both the 
Northeast and the rest of the U.S. 

To convert the returns to an annual basis, 
the rrarginal products were distributed over 
twelve years using the estimated second order 
polyncrni.al distribution. Internal rates of re­
turn . (rR) were calculated using the folla.~ing 
equation: 

[E 
j 

'!he results sha.~n in Table 5 indicate sizable 
differences in returns across cx::mrodicy groups as 
well as between GP and VA functions. While the 
nonsignificance of certain research coefficients 
needs to be kept in mind, the increase in the 
cash grains rate of return and the decrease in 
the poultry rate of return when !lOving from the 

ll3 

GP to the VA functions indicate the inportance of 
considering value-added. Also, with the excep­
tion of poultry, rates of return to research are 
higher for the VA than the GP functions. '!his 
may indicate a higher payoff to the last dollar 
invested in inproving nonconsumed as opposed to 
consumed inputs. 

Results from both the GP and VA functions 
sha.~ that highest returns cane fran cash grains 
research. Furtheri!Ore, the returns are signifi­
cantly higher for this group than those obtained 
cy Bredahl and Peterson (1976) and cy Norton 
(1981), but similar to those obtained cy otto 
(1981). Several factors can cause these rates of 
return to vary including differences in research 
coefficients, output values, research expenditure 
and the assumed research lag. All of these may 
be causing the differences noted al:ove. 

CONCIDSIOOS 

One of the strongest and !lOSt general con­
clusions which folla.~s from the al:ove analysis is 
the need to exercise caution when attaching sig­
nificance to a particular rate of return to re­
search estimated in an individual stu~. Sizable 
differences are evident in returns estimated from 
VA as opposed to GP functions. Differences also 
occur across years for reasons previously noted. 
Returns to research across cx::mrodi cy groups can 
change matkedly when relative output prices 
change. 

Results in this stu~ indicate that dollars 
invested in cash grains research return the !lOSt 
at the rrargin. It appears that northeastern 
dairy research may be !lOre productive than daiiy 
research else..rhere in the U.S. Research produc­
tivicy for other cx::mrodicy groups is similar be­
tween the Northeast and the rest of the U.S. 

With the exception of poultry research, it 
appears that additional research aiJred at inprov­
ing producti vi cy of nonconsumed inputs may be 
!lOre productive than research aimed at consumed 
inputs. '!his conclusion is particularly appro-
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Table 5. Marginal Products and Marginal Internal Rates of Returns to 
Experiment Station Research 

Commodity Group Gross Production Function Value-Added Function 
MP (1978$) IRR (%)c IRR (%) c MP (1978$) 

Cash Grains 
a 95.8 202 .0 103.7 307.9 

Dairy 
b 9.78 24.87 14.78 38.78 

Poul t rya 24.1 60.9 9.8d 25.5d 

Othe r Livestocka 8.7 22 . 3d 16.5 43.3 

aFor the Northeast and the u.s. 

bFor the Northeast alone. 

c Follo1¥ing Bredahl and Peterson and Norton, to arrive at conservative 
estimates of rates of return, the marginal products in Table 5 were 
divided by three to take account of public extension and private research 
before calculating the IRRs. 

d Calcula-ted .from nonsignificant -research coefficients at -the a = .05 level. 

priate for state decision makers interested in 
increasing the wealth within their states, and 
perhaps less appropriate for federal decision 
makers. 'Ihe poult.Iy results rrey indicate a 
higher return to research airred at irrproving feed 
efficiency as carpared to research aimed at non­
consumed inputs. 
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