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CHAPTER I
IMPACTS OF AGRICULTURAL RESEARCH

The agricultural industry continues to be the single largest
sector of income and employment in Kansas. Past analyses indicate that
returns to research in support of this broad-based industry in the U.S.
are stable and high, in the range of 35 te 40 percent annually. Moreover,
future expansion in agricultural production will be needed to improve
wofld—wide living standards and to feed a rapidly increasing world
population. Such production expansion must rely on a base of timely and
effective agricultural research. In addition, key researcn is needed to
effectively address both important firm~level and important policy issues
relating to (1) use and management of natural resources, particularly
land and water, {2} rural and community development in both declining
and growing areas, (3) buman resource development, particularly in rural
areas, and (4) problems of excess capacity and low resource earnings in
the agricuitural sector.

Despite the demonstrated importance of past agricultural and
related research, the public and its decision making representatives
{including those in the State Legislatures, the Federal Congress and
elsewnere) are increasingly concerned about the increasingly high level
0f pubiic expenditures and rightfully demand improved inférmation on
the payoff for expanded research expenditures. Research administrators

have a continuing need for improved information on the expected payoff
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from alternative research investments in crder to guide their decisions
relative to the allocation of funding and other research support., And,
members of the general public have a need to be hetter informed about
the expected payoff from a wide range of agricultural and related re-
search. It is to the general public {as final consumers of food and
fiber products) that most of the benefits of research accrue in the form
of expanded product supplies and lower product prices.

The need is keen, therefore, for more and better information and
analysis on the expected size and incidence of paycff from a wide range
of publicly (and, in some cases, privately supported research through the
State Agricultural Experiment Stations. Still another major need is the
one of effectively disseminating results on the expected payoffs from
research funding requests to users in State Legislatures, as well as in
the Executive and Legislative branches of the Federal government and

among members of the general public.

Objectives and Procedure

The major objective of this study is to improve the capacity to
analyze the impact of agricultural research expenditures or investment
on different sectors of Kansas agriculture and thus facilitate decision
making for future agricultural research. A more specific objective of
this study is to develop, evaluate, and test improved methodology, data
and presentational formats for analyzing and supporting agricultural
research program requests in Kansas.

Generally, studies of this nature fall into two main categories:
ex post and ex ante. Ex post studies attempt to estimate and quantify

returns to past agricultural research. Ex ante studies do the same for
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research whose results are not yét known, From a policy standpoint,
the ex ante studies are most desirable; but their current metho-
dologies lack objectivity, something easily obtained in ex post studies.
For the purpose of assisting policy decisions, it would seem desirable
to develop ex post methodologies which could be adapted to ex ante.

Ex post studies use two basic approaches to quantify returns—-
the index number approach and the production function approach. The
index number approach was poineered by Griliches in 1958 (25). 1In that
first study, Griliches estimated the rate of return of hybrid corn
development to be at least 700 percent (25, p. 419).

The approach uses the concepts of consumer and producer surpluses.
Consumer surplus is a measure of the amount of utility received by con-
sumers, but not paid for. It is measured as the area between the
portion of the demand curve which lies above price line, and the price
line. 1In figure 1, consumer surplus is the area ABC. Producer surplus
is a measure of profit. It is measured as the area between the portion
of the supply curve which lies below the price line, and the price line,

In figure 1, producer surplus is the area CED.

A
. Supply
Price
B/
C
D Demand

Quantity

Fig. 1. Consumer and producer surplus
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In the index number approach the effect of agricultural research
is assumed to be a shift in the supply curve, The shift causes changes
in both consumer and producer surpluses. Benefit is seen as the gain in
consumer surplus, plus the gain in producer surplus, minus any losses.
For example, in figure 2 the effect of agricultural research was to
shift the supply curve from S1 to 52' The old consumer surplus was ABC
and the new is AB'C'; therefore, the gain in consumer surplus was CBB'C'.
The old producer surplus was CBD and the new is C'B'D'; therefore, the

loss was CBEC' and the gain was DEB'D', Adding the two gains and sub-

tracting the loss leaves the area DBB'D' as the measure of benefit.

A Sl
3 %2
C
) / ----- <
D? Demand
Quantity

Fig. 2. Changes in consumer and producer surpluses

The index number approach was also the approach used by Schmitz
and Seckler (40) to answer critics of the mechanized tomato harvester.
The mechanized tomato harvester was researched and developed in the
1950s and early 60s through joint efforts by several land grant univer-
sities and private businesses, The adoption of the harvester displaced
many migrant workers and necessitated the development of harder tomatoes

which would not be easily bruised by the harvester. Hightower (26) felt
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the purpose of the tomate harvester was to increase corporate agri-
business profits, He viewed the unemployed workers and harder fruit
as social costs, but saw nc social benefits. Schmitz and Seckler (40),
however, calculated a gross social rate of return (including no social
costs) to the harvester's development of 1000 percent (40, p. 569). ,
Even after subtracting the social cost of unemployed migrant workers,
the rate of return still exceeded 700 percent (40, 573).

The index number approach is useful for purposes such as Schmitz

and Seckler's, but it is not satisfactory from a policy standpoint,
The study of resource allocation requires marginal analysis, something
not easily accomplished by the index number approach. The production
function approach, on the other hand, is better designed to accomodate
marginal analysis.

Like the index number approach, the production function approach
was piloneered by Griliches (24). In 1964 he calculated an aggregate
U.S. agricultural production function including research and extension
(R&E) expenditures #s one of the explanatory variables. By differen-
tiating the function with respect to R&E, Griliches found the marginal
product of one dollar of R&E to be $13 per year.

Since Griliches' original study (24), the producticn functiom
approach has changed little. Most studies using this approach have used
the value of the whole of or some part of agricultural output as the
dependent variable kwhere the value was determined using constant prices
as weights); conventional farm inputs, as well as, some form of R&E have
usually been used as independent variables; and a distributed lag has

normally been applied to the R&E variable. With this data set, the
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researcher would statistically fit a production function. After sta-
tistical estimation of the function, the marginal product was calculated
by differentiating the function with respect to R&E and applying
appropriate values to the variables. This approach was. also used in
this study.

The basis for this study is the research results developed by
Bredahl and Petersom (8). Ffor this reason, their research effort is
discussed in greater detail.

Bredahl and Peterson (8) estimated production functions for four

types of Census of Agriculture farms in the U,S. The farm types were

cash grain, poultry, livestock and dairy. Their study was cross sec-

tional -d4nd used data: from the 196% Census of Agriculture. Each state was

considered as one observation.
The functional form used by Bredahl and Peterson was a simple
Cobb-Douglas production function of the type:

0 %49 Bi
Y= Ay TT %07 ®y
j=1
where Yi was the value of cutput for farm type i, using constant prices
as the weights (8, p. 586); Ai was a constant; Kij was the jth con-
ventional input for farm type 1i; Ri was the research variable; and o

and B were the estimated regression coefficients. The values for the

research variable were obtained from the Inventory of Agricultural

Research, FY.1969?197G (8, p. 685). TFigures used were the "Total Funds"

entries for the relevant commodity groups. Using fiscal year 19€5-1370
research expenditures assumed no lags, but Bredahl and Peterson felt this

would not bias the estimated coefficients (8, p. 685).
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Bredahl and Peterson divided their final marginal products by
three to help account for the effects of private research and extension
education (8, p. 690).

The Bredahl and Peterscn study had several shortcomings. Besides
not estimating a distributed lag for research expenditures, variables
for private research, extension education and farmer managerial ability
should have been included. Their study also ignored the spill-over ef-
fects of the movement- of research results across state lines. Despite
these shortcomings, this study builds on the Bredahl and Peterson
results because it permits comparison of results between commodity
groups and states, albeit less accurately than would be desired.

A major shortcoming of the production function studies, including
the study by Bredahl and Peterson, is the assumption of constant prices.
While this assumption may or may not be realistic, it does make it im-
possible to directly calculate marginal value products needed for re-
search investment decisions and pelicy analysis.

To rectify that shortcoming is the main objective of this study.
The production function results derived by Bredahl and Peterson will be
modified by inclusion of research effects on prices. It is hoped that

the final results will be more useful in policy decision making.



CHAPTER II
METHODOLOGY

This study examines three areas of interest to the study of
impacts of agricultural research--farm input productivity, returns to
agricultural research and research funding patterns. The examination
is limited to production increasing research--i.e., even though other
production research costs were included in research expenditure measure-
ments, iﬁcrgases in production were the only impacts specifically
quantified.

The section on the returns to research is the section which ful-
fills the study's specific objective--that of extending the current
ﬁethodology used to estimate returns to research. The other sections are
only supportive.

The procedure used to analyze farm resource productivity is taken
from Babb and Pratt (4). This procedure is chosen because its measurement
units conform with those used by Bredahl and Peterson (8) whose results
are used in the returns to research section. Using input and production

data from the Census of Agriculture (53} for four farm types (cash grain,

poultry, livestock and dairy), this present study compares changes in
farm inputs, outputs and input-output ratios for Kansas and U.S. farms.
The years considered are the three most recent census years—-1964, 1969
and 1974. The Babb and Pratt study made the same calculations, but
included Indiana farms instead of Kansas farms.

8
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As has already been stated, the returns to research section is
an extension of the Bredahl and Peteyson study (8) and its purpose is to
calculate marginal value products (MVP) for research, The coefficients
estimated by Bredahl and Peterson are research elasticities of produc-
fion (percentage change in production over percentage change in research).
These alasticities are combined with price elasticities of demand (per-
centage change in quantity demanded over percentage change in price) to
measure the effects of research on prices and total value product.
The resulting figures are used to éstimate MVPs of research to demonstrate

what the returns to research were in 1969,

Productivity

Census of Agriculture (53) data for Kansas and U.S. cash grain,

poultry, livestock and dairy farms are used in this section. Data are
expressed on a per farm basis to conform with Bredahl and Petersen

(8, p. 686). This also helped illustrate changes which have occured on
farms (4, p. 21).

Expressing data on a per farm basis could result in biases if the
number of small-acreage, part-time farmers increased or decreased signi-
ficantly during the time period. As it turned out, the number of very
small farmers increased relative to the number of larger farmers.

(Farms with sales of less than $2500 comprised only 6.9 percent of total
farm numbers in Kansas during 1964, but increased to 13.8 percent by 1974.
At the same time, their sales as a percent of total sales in Kansas
declined from 2.3 percent in 1964 to 0.5 percent by 1974). Because of

this problem, only farms of sales greater than $2500 were considered,
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Farm inputs and outputs are quantified using 1974 prices as
weights. Deoing this gives uniform units for aggregation purposes and the
time period considered, 1964 through 1974, is short enough that no
serious distortions should result. Prices and procedures being used
to form specific indexes are givén in the relevant footnotes of appendix
tables 1 through §.

Feed data does not reflect feedstuffs grown and fed on the same
farm (except for some silages, hay and pasture). This could cause
productivity changes to be underestimated if farms became more special-
ized during the period (4, p. 22).

Data on numbers of dairy cows, land and value of equipment are
multiplied by 0.15 (4, p. 26). In addition, yields on cash grain farms
are adjusted by using a three year average centering on the census
vear (4, p. 22). This is domne to Help neutralize weather effects;
however, 1974 adjusted yields are still relatively low.

These data and procedures used for measuring productivity may
be considered crude; yet they should be useful for measuring relative
changes in resource productivity over a short period of time.

Research expenditure and scientist-year data are obtained from

the Inventory of Agricultural Research (49) and Babb and Pratt (4).

The indexes used to convert the current dollar expenditure figures to

constant dollars are from Business Statistics (52, p. 5) and the

Survey of Current Business (54, p. S~2). The indexes used are

1969 = 88.4, 1974 = 100 and 1976 = 115.5.

Ratuyrns to Research

The purpose oi this sectionm is to illustrate the methodology

used to calculate marginal value products (MVPs) and ﬂarginal internal
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rates of return (MIRR) for agricultural research, The section is broken
into four parts. The first determines what information is needed to cal-
culate MVPs and MIRRs; the second shows how that information was obtained;
the third discussesd some cf the assumptions made; and the fourth demon-
strates the actual calculations performed.

Marginal wvalue products are caiculated at both the farm and retail
levels, At the farm level, they represent the change which occured for
farm level total value product (TVP). At the retail level, they—repre—
sent the change in TVP at food stores.

Derivation of Marginal Internal Rate of
Return and Marginal Value Product--
Algebraic Considerations

Determination of MIRR and MVP form the basis of this study. The
approach that follows shows step by step how MVPs and MIRRs are calcu-
lated at the farm and retail levels.

Four farm types, identified by the commodity group produced, are
considered--cash grain, poultry, livestock and dairy.

In general, MIRR is the rate of return which makes the future MVP
equal to the marginal research expenditure spent to produce it. The
general formula used for calculating the present value of some future
cash flow is:

future wvalue
present value = (1 + IRR)n

where IRR is the internal rate of return and n is the lag denoting the
number of years between when the investment is made and when the payoff

is received. Solving for IRR:

future value]l/n

present value - L

-
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In the case of MIRR, the present value is the marginal expenditure on
research (one dollar) and the absolute value of MVP is the future wvalue
of the marginal expenditure;~ Therefore, to calculate MIRR the equation
is written as:
wiRr = owe)l/® - 1. (1)

As can be seen from equation (1), all that is needed to calculate MIRR
1s MVP and an assumed time lag, n.

The next step 1s the calculation of MVP.

The MVP of research for the commodities produced on farm type 1
can be written as:

BTVPi

MV'Pi = —EE;— (2)

where TVPi is the total wvalue product from farm type i and Ri is the
relevant research expenditures. Because multiplying an expression by
one does not change the value of that expression, the right-hand side of

equation (1) can be miltiplied by 5%5 ' zgz-and obtain:

aTVP, R TVP,
i i

= L ) i -
WF, * R VP, R,
i i i
3TVP R, | TVP,
” i . i i
3R, TVP, Ri
- AVP (3

ER.TVP. ' i
1
where ER TVP is the research elasticity of production of commodity
' i

group 1 (percentage change in total value product over percentage change

in research expenditures).

VP
The AVPi can be calculated as R
Al

» but to obtain ER.TVPi the

following transformations are needed:
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Since TVP is equal to price (P) times quantity (Q), ER Tvp, a0
- i
be written as:
e, B By
.TVPi E)R.i Pi'Qi
Differentiating Pi.Qi provides:
{
E = P a&.}.q & i
R.TVP, L3R, T 1 3R | P..Q,
= BQi I_R-i+aPi li -
BRi Qi BRi Pi

Expanding the terms on the right-hand side of the plus sign, it follows

that: , N
.TVR, T 3R, Q ~8Qi 3R, | [q, PiJ
‘ \
AT SO R Y - At
R, Q \BQi P ||R, Qij
A T U R K Y
R, Q P, Q
- Ea.ﬁ 1+ E;le ) (4)
'i li

where ER'Q is the research elasticity of production for commodity group
1.

&

i and EP Qd is the price elasticity of demand for commodity group i.
s |

As can be seen from equations (3) and (4), all that is needed to
calculate MVP are AVP, ER-Q and EP-Qd' All of these equations hold true

for both farm level and retail level MVPs.

Derivation of AVP, Research Elasticities
and Demand Elasticities

As stated earlier, AVP is TVP divided by research expenditures.

For retail level calculations, AVPs are calculated in that manner. For
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farm level calculations, AVPs are cbtained from Bredahl and Peterson
(8, p. 690,
Research elasticities are more difficult to calculate than AVE;
yet the following demonstrates that the research coefficients estimated

by Bredahl and Peterson (8, pp. 687-688) are actually research elastici-

aQi Ri
ties of production SR ' |
(1 M1

Bredahl and Peterson's production function was of Cobb-Douglas

o 8.

form: )
v, = A 1] 07
i i =1 i3 i

where Yi was the value of output for farm type i, using constant prices

as weights (8, p. 686); A . was the jth conventional

i ij

input for farm type i; Ri was the research expenditure variable; and o

was a constant; X

and R were the estimated regression coefficients (8, pp. 684-685). To

, - a¥ R,
prove that B = Eﬁi ' §i , the following transformations are made:
i i
3Y p a,., B.-1
i ij i
—==8._ A || X, R
T T S
A'lgl'leR“
3 My Rt
=8 =1
i Ri
Y:'L
=B, ' =
i Ri
Bﬁ%i';i* (3)
i i

Bredahl and Peterson defined Yi as the price of commodity group i
(Pi) times the quantity of commodity group 1 (Qi), equation (5)

can be rewritten as:
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Q. R,
B, = aP:L Ql . i (5"
i IR, P .Q

And, because prices were held constant, we can rewrite equation (5') as:

B=PE.[3.1.'..'-—-E;-'.—
1" PR, Fq

3Qi . R:i.
R, Q

B

(6)
ER.Qi

Therefore, the research coefficients calculated by Bredahl and Peterson
are actually farm level research elasticities of production because Yi
represented farm level output.

Equivalent research elasticities of production for retail are not
available and so have to be estimated; however, estimation without
extensive research poses a severe problem because the functional rela-
tionship between farm output for commodity group i, Qi’ and its respec-
tive retail output, Qi, is not known. Therefore, it 1s assumed that

for a given year the ratio between Qi and Qi is constant so that:

where k is some constant. Therefore:
- ' .
Q = kQy
Since Qi is a function of research expenditures Ri’ and Qi is a function

of Qi’ the equation can be differentiated with respect to R, so that:

1
1

3Q, _ 3k}

3R, R
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R
Multiplying both sides of the equation by the equivalent of " gives:

Q4

3. R, 3kQ! R

4
|1
e

ER.Qi - 7

o

where ER Q! is the research elasticity of production at the retail level.
“H

Therefore, if the assumption of a constant ratio is legitimate,

the estimates for ER Q can also be used for ER Q" Making this as-
- i L] i

sumption, the estimates foriER Q are considered to be the values needed
i

for ER ‘
-Q
i

The next step is to find estimates for the price elasticity of
demand for commodity group 1.2

If it were legitimate to ignore all other influences (on quantity
purchased) other than price, the price elasticity of demand for m com-

modities in commodity group i could be estimated as:

m
L 2y Q= Q)

e tl

m
tzl Ptl Qt1
Ei W ot (8)

I Q. ®,~P)
e=1 tl t2 tl

?
P, Q
el el el
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which reduces to:

m
! Pop Q@ ~ Q)

g ]
E, e 9
Q. Py =F )
o) ¢ T - tl
where Ei is the estimate of the aggregated elasticity, Qtj is the jth

observation of the quantity of commodity t, Pt is the jth observation

3
of the price of commodity t, j=1 is the base year and j=2 is ;he next
year. (When the actual calculations were made, 1969 was the base year
and 1970 was, of course, the next year.)

0f course, other influences (such as income and taste) on the
quantity purchased cannot be ignored. However, if the numerator of
equation (9) were calculated from raw data and Ei were known, then it
would be possible to find what the denominator would had to have been
to have obtained Ei' Conversely, if the denominator of equation (9)
were calculated from raw data and Ei were known, then it would be pos=-
sible to find what the numerator would had to have been to have obtained

E That is roughly what 1is done.

il
Writing the price elasticity of demand for commodity t, Et’ as:

@, - Q)

. %1
¢~ @, - F.)

t2 tl

Py

- Pt Qe - Qtl) )
Qi Bea ~ Fyy)

(10)

Obtaining estimates of Et from Brandow (7, pp. 17 and 59) and

using raw data to estimate the numerator, the estimate of the denominator
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is obtained by:
* -1

(B, =B, =E B, @, - Q) (11)

Q t2 t1 t

tl
Conversely, obtaining estimates of Et from Brandow and using raw data to
estimate the denominator of equation (10), the estimate of the numerator
is obtained hy:
Pep Qg - Qtl)* = E Qy By = Pyy)e (12)

Raw data and the réSults of equation (11) or (12) could bé_used
to approximate equation (9). However, since the individual elements of
the numerator of equatibn (9) must be of the same sign as must the ele-
ments of the denominator if reasonable results are to be obtained,

equations (11) and (12) are rewritten as:

* -1
Q1 (Pt2 - Ptl) =B By IQtz - Qtll (11"

and

*
)} E P (12")

Pop @y - Qy e U1 |Pt2 - tll'

Therefdre, using equation (11') to approximate equation (9):

m
5 czl Pey 19 - Oyl
Ei = o - (13)
' P &, B, =P )
T A
and using equation (12') to approximate equation (9):
n *
" tzl Py @y = Q)
£, = (14)
T, |
Q P - P
& “El Fe TS

*
where Ei is the first estimate of Ei (the aggregated elasticity) and

%%
Ei is the second,
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Either equation (13), equation (14) or their average should be a
close approximation of the price elasticity of demand for the time period
considered. (In this study; the average is used.) These price elasti-
cities of demand, of course, assume a particular product mix and a par-
ticular point in time, so they are relevant only for the year considered,
1969.

This procedure for estimating price elasticities of demand is

relevant for both farm and retall level estimates.

Research elasticities of price

While the information thus far presented in this subsection is
all that is needed to estimate MVPs and MIRRs, the methodology used
makes it possible to calculate research elasticities of price (percen-
tage change in price over percentage change in research expenditures)
as well.

Writing the research elasticity of price for commodity group i,

ER.P , as:
i

LY.
.Pi BRi Pi

the following transformations are made:

ey B
., 3Q, 3R, Q

H
"‘Ul o]
Heo fe

9 . Ryp|?Fy . Y
Ry Qo4 By
1
= . ; (15)
"r.q, * "P.qd,

Therefore, ER p can be estimated using the same information used
g
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to estimate ER vE . This relationship would be true at both farm and
: i

retail levels,

We have now showm that: (1) to calculate marginal internal rate
of return (MIRR), all that is need is marginal wvalue product (MVP) and
an assumed lag perlod between research expenditure and the payoff; (2) to
calculate MVP, all that is needed is average value product (AVP), the
research elasticity of production (ER.Q) and the price elasticity of
demand (EP.Qd); (3) AVP is obtainable from Bredahl and Peterson for farm
level estimates and calculated as retail total value product (TVP) di-
vided by research expenditures (R) for retail level estimates; (5) Bre~
dahl and Peterson's research coefficients are actually estimates of farm

level E (6) under specific assumptions councerning the appropriate

R.Q’

structural model of the food processing Iindustry, estimates for ER Q
can be used for retall level research elasticities of productionm, ER Q.;
3 R >

and (7) estimates of EP are obtainable from available data.

.qd

Assumptions and Qualifications

The methodology used for determining MVPs and MIRRs depends on
a numbher of assumptions and other qualifications.

First, this analysis considers only the effects of production
increasing research. Despite the fact that the estimates for research
expenditures include all expenditures for the commodities of interest,
the only impact quantified is the impact on output.

Second, the model considered is static. The elasticities used
assume a given product mix, the relationship assumed between farm and
retail outputs assumes a given state of technology for some nonfarm

sectors of the economy, and the prices used assums a given demand curve.
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Third, the study considers Bredahl and Peterson's results as
given; therefore, any errors in thelr study are transfered to this one.
Fourth, a bias emerges during the derivation of Kansas research

elasticities of total value product and price. When the expression

o2, R, P, 9Q, R, Q
' == is expanded to =— ' —=— * =— ° o the expansion assumes that

| P o R G B
the two BQis were equal and the two Qis were equal. However, when price
elasticities of demand are calculated for Kansas, national commodity
price elasticities of demand are used. Therefore, the BQi in the denomi-
nator and the Qi in the numerator are national figures (but assume the
Kansas product mix for Kansas calculations), whereas the BQi in the num-
erator and the Qi in the denominator are Kansas figures. This discre-
pency causes the Kansas research elasticities of total walue product and
price, and the Kansas marginal value products to be biased downwards;
thus the estimated Kansaé returns to research may be overestimated.
Fifth, Qi = in used for obtaining retail research elasticities

may not be a realistic assumption. To illustrate, assume the structural
model of the food processing sector 1s such that a reduced form of the
relationship between farm level output, Qi’ and its respective retail
level output, i, can be written as:

Qi = f(Qi, others).
Also assume that Qi can be solved for such that:

Qi = g(Qi, others).
Since Qi is a function of research expenditures, Ri’ Qi is also a function

of R;. Therefore, 1f each side of the equation is differentiated with

respect to Ri:
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BQi Bg(Qi, others) . 3Q£

= i )
9R, ERY 9k,

Thus it can be seen that in order for the assumption that farm
level and retail level research elasticities of output are equal to be

ag(Qi, others)
BQi

true, would have to equal one which would be a special

case rather than the general case.

Sixth, using 1969 research expenditures to calculate the retail
average value product assumes no lags. This, of course, is not realistic;
however, earlier research figures are not readily available. Also, using
1969 expenditures conforms with Bredahl and Peterson's study (8, p. 685),
so the 5133 should not be great.

Seventh, only livestock, poultry and dairy commodity groups are
considered for retail level calculations. This is because many of the
commodities classified as cash grain are not directly marketed at the
retail level.

Eighth, no Kansas retail level estimates are calculated. Doing
so would require carefully following Kansas products from farm to retail.
Such a task is unreasonable for this study.

Derivation of Price Elasticities, Research Elasticities,
Marginal Internal Rates of Return and Marginal
Yalue Products-—Applied Considerations

The format in this subsection 1s necessarily the reverse of the
algebraic subsection. This subsection begins with the calculation of
price elasticities of demand, Those elasticities are then combined with
Bredahl and Peterson's research elasticities of production to obtain

research elasticities of price and total wvalue product, The estimates of
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research elasticities of price and total value product are combined with
estimates of average value product to obtain the marginal value products.
Finally, the marginal value.products calculated are then combined with
time lags obtained from Bredahl and Peterson to obtain marginal internal
rates of return.

As stated earlier, the resulting averaées of equations (13) and.
(l4) were used as estimates for price elasticities of demand. At the
farm level for Kansas, the commodity elasticities, 1969 prices, 1969
production and 1970 production, Kansas data, appendix table 9, are used
in equation (13) to obtain E*, the first price elasticity of demand
estimate. The same commodity elasticities, 1970 prices, 1969 prices and
1969 production, from appendix table 9, are used in equation (1l4) to
obtain E**, the second price elasticity of demand estimate. The awverage
of EI and E;* for each farm type is reported in table 7 as the estimated
farm level price elasticity of demand for Kamsas, TU.S. farm level price
elasticities of demand are estimated in the same manner, but the commodity
elasticities, production and prices are based on U.S. data (see appendix
table 10)., The U.S. farm level results are also reported in table 7.
Retail price elasticities of demand estimates use the same procedure,
but the basic information is from appendix table 11, These retail elasti-~
cities are shown in table 10.

Using the price elasticities of demand just estimated and the
research coefficlents shown in table 6, research elasticities of price
and total value product are estimated using equations (4) and (15), For
example, in the case of Kansas cash grain farms, the farm level price

elasticity of demand found in table 7, -0.1240, and the research elasti-

city of production found in table 6, 0.041, are combined in equation (153)
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to obtain the Kansas farm level research elasticity of price shown in
table 8, -0,3306, The same figures are used in equation (4) to obtain
_ the Kansas farm level research elasticity of total value product, -0.2896,
which 15 also shown in table 8, The same procedure is used for estima-
ting the U.S. farm level elasticities shown in table 8, and the retail
level elasticities shown in table 11.

Marginal value products were estimated using average value pro=-
ducts and research elasticitles of total value product equation (3).

Again using Kansas cash grain farms as an example, the research elasticity
of total value product from table 8, -0.2896, and the average product3
from table 5, 91.46, are combined in equation (3) to obtain the marginal
value prﬁduct shown in table 9, -26.49. The same procedure and tables

are used for U.S. farm level marginal value products.

In the case of retail marginal value products, average value pro-
ducts are not available and so have to be estimated. The total value
products are obtained from appendix table 11 using 1969 prices and pro-
duction. Research expenditures for 1969 are obtained from table 14, but
current dollars are used. The quotients of total value product and
research expenditures are used as average value product.

From here, the procedure for estimating retail level marginal
value product is the same as for estimating farm level MVP, The research
elasticities of total value product from table 1l and the retail average
value products estimated above were combined in equation (4). The results
are shown in table 12,

Given the marginal value products just calculated, the marginal
internal rates of return were calculated using equation (1) and assuming
lags of five years for cash grain, six years for poultry and dairy, and

seven years for livestock (8, p. 688).



FOOTNOTES: CHAPTER II

1. Lags used are five years for cash grain, six years for poultry and
dairy, and seven years for livestock (8, p. 688). These lags closely

conform with those calculated by Evenson (19, p. 1422)}.

2. A special thanks goes to Dr. John Nordin for his help in obtaining
the price elasticity of demand equation.

3. Bredahl and Peterson's average product is equivalent to average

value product because they used prices as weights.
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CHAPTER III

RESULTS

Productivity

Historically, the productivity gains of U.S, agricultural inputs
have been impressive. Since 1910, agricultural output has increased
179 percent while inputs have increased 20 percent (13, p. 4). Studies
such as those by Cline and Lu (10) and Evenson (18) have shown that
agricultural research made significant contributions to those gains.

Recent productivity gains in Kansas have been impressive. In terms
of gross productivity since 1950, Kansas ranks sixth among all states
(18, p. 16). However, that information could be misleading because of the
short time period considered and because recent gains could have been made
possible by relatively small productivity gains earlier (18, p. 16).

The present study concentrated on productivity for four types of
farms: cash grain, poultry, livestock and dairy, Tables 1 through 4 con-

tain the results.

Kansas Farms
As can be seen in table 1, production on Kansas farms increased sig-
nificantly during the time period considered. Input use increased also,
with labor being the only exception.
Poultry farms were the only farms which did not show labor inputs

decreasing relative to all other inputs. Labor use actually decreased

26
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TABLE 1
PERCENTAGE CHANGES IN PRODUCTION AND INPUTS USED PER KANSAS

FARMS WITH SALES OF $2500 OR MORE, BY TYPE OF FARM,
1964 TO 1969, 1969 TO 1974 AND 1964 TO 1974

Cash Grain Farms (Ave. per Farm)

1964-69 1969-74  1964-74

Production (1974 Dollars) 54.8 16.1 79.7
Harvested Acres 12,8 7.7 21.5
Labor (Man-days) -5.5 Sl -0.7
Machinery Services (1974 Dollars) 9.0 35.2 47.3
Purchased Fertilizer, Seed

and Chemicals (1974 Dollars) 103.0 43.4 191.1

Poultry Farms (Ave. per Farm)

Production (1974 Dollars) 125.0 35.0 203.7
Land and Buildings (1974 Dollars) 27.1 9.6 39,3
Labor (Man-days) 1 14,9 42.1 63.2
Purchased Feed and Poultry

(1974 Dollars) 160.3 2Z.5 219.0

Livestock Farms (Ave. per Farm)

Production (1974 Dollars) 12,2 81.2 103.4
Land and Buildings (1974 Dollars) -9.5 14,1 3.3
Labor (Man-days) -8.4 7.7 -1.3
Breeding Stock (1974 Dollars) -13.2 117.6 88.7
Feed' (1974 Dollars) 14.3 80. 1 105.8

Dairy Farms (Ave. per Farm)

Production (1974 Dollars) 59.9 54.6 147.2
Land and Buildings (1974 Dollars) 19.9 172.0 226.0
Pasture Land (Acres) -12.7 22.2 6.7
Labor (Man-days) 10,6 4.1 15.1
Milking Cows (Numbers) 26,3 29.6 63.7
Feed! (1974 Dollars) 47.4 28,6 89.6

SOURCE: Appendix Tables 1, 2, 3 and 4. All weights were 1974
prices, Where more than one Input or output is represented, the percen-
tage change 1s a weighted average.

lFigures exclude some feedstuffs grown and fed on the same farm.
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TABLE 2
PERCENTAGE CHANGES IN PRODUCTION AND INPUTS USED PER U.S.

FARMS WITH SALES OF $2500 OR MORE, BY TYPE OF FARM,
1964 TO 1969, 1969 TO 1974 AND 1964 TO 1974

Cash Grain Farms (Ave., per Farm)

1964-69 1969-74  1964-74

Production (1974 Dollars) 24,0 11.2 37.9
Harvested Acres 6.0 1.0 7.1
Labor (Man-days) 1.5 -2.9 -1.4
Machinery Services (1974 Dollars) 6.1 20.6 28.0
Purchased Fertilizer, Seed

and Chemicals (1974 Dollars) 63.4 27.4 108.2

Poultry Farms (Ave. per Farm)

Production (1974 Dollars) 63.9 46,6 140.3
Land and Buildings (1974 Dollars) 8.2 -1.7 6.4
Labor (Man-days) 1 20.4 18,1 423
Purchased Feed and Poultry

(1974 Dollars) 85.5 35.0 150.5

Livestock Farms (Ave. per Farm)

Production (1974 Dollars) -2.3 25.6 22,7
Land and Buildings (1974 Dollars) -20.9 8.2 ~-14.5
Labor (Man-days) -12.7 -4.0 -16.1
Breeding Stock (1974 Deollars) Lol 6.1 4 vD
Feed! (1974 Dollars) 2.4 22.6 25.5

Dairy Farms (Ave. per Farm)

Production (1974 Dollars) 34.9 41.8 91.3
Land and Buildings (1974 Dollars) 6.8 10.8 18.3
Pasture Land (Acres) 8.7 6.8 16.1
Labor (Man-days) 5.7 4.5 10.5
Milking Cows (Numbers) 15.8 29.8 50.3
Feed! (1974 Dollars) 63.4 25,3 104.8

SQURCE: (4, p., 25). Appendix Tables 5, 6, 7 and 8, All weights
were 1974 prices. Where more than one input or output is represented,
the percentage change is a weighted average,

1Figures exclude some feedstuffs grown and fed on the same farm.
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0.7 percent on cash grain farms and 1.3 percent on livestock farms. That
information seemed to indicate a substitution of other inputs for labor.
In livestock farms, feed increased more than all other inputs.
This could have been due to data not considering some feedstuffs grown and

fed on the same farm or an increase in feeders striving for rapid turnover.

U.S. Farms
As can be seen in table 2, U.S. farms also showed productivity gains,
but the gains were not as impressive as those for Kansas farms.
Again, only on poultry farms did labor not decrease relative to
other inputs. Poultry farm labor increased 42.3 percent while, on the

other extreme, livestock farm labor decreased -16.1 percent.

Comparison of Kansas and U.S. Farms

As can be seen in table 3, except on dairy farms Kansas productivity
gains were superior to those of the country as a whole. Most of the Kansas
gain came during the 1964-1969 period. On all farms, Kansas production
and Kansas input use increased more than for the rest of the country.

Table 4 comparss the levels of productivity on Kansas ﬁersus U.s.
farms. Kansas input productivity was consistently superior om cash grain
and livestock farms, and consistently inferior on poultry and dairy farms.
This seems reasonable because Kansas agriculture is predominantly live-

stock and cash grain.

Returns to Research

Societal benefits from agricultural research can take many forms.
If the research increases farm resource productivity or increases farm

use of renewable resources relative to norenewable resources, society
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TABLE 3
PERCENTAGE CHANGES IN VALUE OF PRODUCTION AND INPUTS USED PER XANSAS

AND U.S. FARMS WITH SALES OF $2500 OR MORE, BY TYPE
OF FARM, 1964 TO 1969, 1969 TO 1974 AND 1964 TO 1974

1964-69 1969-74 1964-74
ks us ks us ks us

Cash Grain Farms (Ave. per Farm)
Production 54.8 24,0 16.1 11,2 79.7 37.9
Inputs 15.0 11.4 17.3 8.0 34.9 20.3
Prod/Inputs 34.6 I1.2 -1.1 3.0 33.2 14.6

Poultry Farms (Ave. per Farm)
Production 125.0 63.9 35.0 46.6 203.7 140.3
Inputs 102.9 62.6 21.8 28.6 147.,2 109.1
Prod/Inputs 10.9 0.8 10.8 14,0 22.8 14.9

Livestock Farms (Ave. per Farm)
Production 12.2 -2.3 81.2 25.6 103.4 22.7
Inputs -5.1 -10.5 58.1 9.3 50.1 -2.2
Prod/Inputs 18.2 9.1 l4.6 14.3 35.5 24,6

Dairy Farms (Ave. per Farm)

Production 59.9 34.9 54.6 41.8 147.2 91.3
Inputs 22.9 24,2 80.6 16.3 121.9 44 .4
Prod/Inputs 30.1 8.6 -14.4 21.9 11.4 32.5

SOURCE: Appendix tables 1 through 8. U.S figures were obtained
from Babb and Pratt (4, p. 26). Labor was valued at $18.64 per day (47).
Land was valued on the basis of value per acre for the respective farm type
in 1974 and multiplied times 0.15. Land and buildings was also multiplied
by 0.15. Dairy cows were valued at 3500 per head and multiplied times
0.15 (4, p. 26).

TABLE 4

PERCENTAGE DIFFERENCE IN TOTAL PRODUCTIVITY OF KANSAS FARMS
OVER U.S. FARMS, BY TYPE OF FARM, 1964, 1969 AND 19741

Year
Type of Farm 1964 1969 1974
Cash Grain 14.5 38.5 33.4
Poultry -32.1 -25.4 -27.4
Livestock 19.3 29.4 29.8
Dairy -26.6 -12.2 -38.3

1Percentage difference is calculated by (KS/U.S. productivity - 1)
* 100.
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benefits because nonrenewable resources would be conserved or put to other
uses, If the research improved the quality of old products or created new
products, society would be the ultimate beneficiary., If the research in-
creased agricultural production or lowered food prices, societal benefits
would be twofold. First, increased production would lead to a more secure
food supply. Second, lower food prices would allow for the purchase of
more luxeries. Tt is the latter two benefits—~inecreased production and
lower prices——that are considered by.this study.

The measure of benefit used 1s the marginal increase in production
and the marginal decrease in price which have resulted from the invest-
ment of the last research dollar spent. The marginal increase in pro-
duction and the marginal decrease in price combine to form marginal value
product, MVP.

A negative MVP interprets .as a decrease in total value product
(TVP) at the level considered--either farm or retail. The decrease in
TVP would mean that society would be receiving more product but paying
less for it.

Conversely, a positive MVP interprets as an increase in TVP,

The increase in TVP would mean that, even though society would be re-

ceiving more, it would also be paying more.

Kansas Returns-—-Farm Level
The Bredahl and Peterson results are shown in tables 5 and 6, 1If
the marginal products and MIRRs shown in table 5 were considered as the
measure of social benefit from agricultural research, it would appear that,
economically speaking, Kansas shoﬁld decrease expenditures on poultry

research and increase expenditures in the other three areas., However, the
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TABLE 5

AVERAGE AND MARGINAL PRODUCTS AND MARGINAL
INTERNAL RATES OF RETURN REPORTED BY
BREDAHL AND PETERSON FOR TYPES OF
FARMS, KANSAS AND U.S., 1969

Average Product Marginal Product Marginal IRR(Z)1

Type of Farm Kansas
Cash Grain 91.46 3.75 30.26
Poultry 13.93 0.85 -2.67
Livestock 176.40 17.64 50.69
Dairy 41,36 2.23 14.33

U.S.2
Cash Grain 114.55 4,70 36.20
Poultry 106.99 6.53 36.70
Livestock 140.61 13.92 45,70
Dairy 160.06 8.64 43,20

SOURCE: (8, p. 690). Figures were divided by three in order to
reflect the effects of public research omly.

1Lag times assumed were 5 years for cash grain, 6 years for poul-
try, 7 years for livestock and 6 years for dairy (8, p. 688).

2U.S. figures for average and marginal products and marginal inter-
nal rates of return were obtained form Babb and Pratt (4, p. 30).
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TABLE 6

REGRESSION COEFFICIENTS OBTAINED BY INSTRUMENTAL VARIABLE TECHNIQUE
AS REPORTED BY BREDAHL AND PETERSON BY TYPE OF FARM, 1969

Type of Farm
Cash A
Inputs Grain Poultry Livestock Dairy

Research 0.041 0,061 0.099 0.054
Fertilizer

Southeast 0.038

Corn Belt 0.137

Other 0.102
Labor 0.251 0.185 0.067 0.632
Land 0.192
Chemicals 0.081
Seed 0.132
Machinery 0.447
Feed 0.530 0.547 0.151
Poultry Purchased 0,282
Land and Buildings 0.123 0.261 0.077
Livestock 0.137
Dairy Cattle 0.177
Pasture Q.046

SOURCE: (8, pp. 687-8).
TABLE 7

ESTIMATED FARM LEVEL PRICE ELASTICITIES OF DEMAND FOR SELECTED.
COMMODITY GROUPS, KANSAS AND U.S., 1969

Kansas
U.S.

Commodity Group

Grainl

-0.1240

Poultrg2

-0.2849
-Gt51?3

Livestock3

-0.6626

Dairz4

-0.1500
-0.1500

lIncludes wheat, rye, corn, oats, barley, soybeans and sorghum.

2]chlude.s chickens, turkeys and eggs.

3Inc1udes cattle, calves, hogs, sheep and lambs,

&(54, p. 33

).
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marginal values in table 5 are not complete measures of benefit because
they ignore the effects of research on price.

The marginal value products in table 9 do take price effects into
account. The Kansas figures in that table indicate that socilety receives
a positive MIRR on Kansas poultry research, 8Since the MIRRs for Kansas
are all at high or very high levels, it would seem socially desirable for
Kansas to increase all of its production research expenditures—-especially
in the areas of cash grain and dairy (ignoring possible effects on other

research benefits and costs).

U.S5. Returns--Farm Level

As in the case of Kansas figurés, the marginal values for U.S.
farms shown in table 5 are misleading. Those figures would seem to in~
dicate that the U.S. as a whole should increase expenditures on livestock
research relative to expenditures in other areas. However, in light of
the U.S. farm level marginal value products shown in table 9, livestock
research expenditures should decrease relative to others,

In general, U.S. MIRRs in table 9 are higher than those for Kansas.
Economically speaking, this indicates that Kansas had a more optimal
level of research investment in 1969 than did the rest of the U.S. as

a whole.

U.S. Returns——Retail Level
The dollars society saved at the farm level because of agricultural
research were used for basically two purposes: First, they were used to
more completely process the raw farm products so that the retail products
were more appealing, sanitary, convenient, etc. Second, they were usad

to purchase luxeries in other segments of the economy. Retail level MVPs
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TABLE 8
ESTIMATED FARM LEVEL RESEARCH ELASTICITY OF PRICE AND RESEARCH ELASTICITY

OF TOTAL VALUE PRODUCT FOR KANSAS AND ALL U,S. STATE AGRICULTURAL
EXPERIMENT STATIONS BY TYFE OF FARM, 1969

Kansas U.S.

O-Ezpém Er.p ER.TvP Er.p Ep.ve
Cash Grain ~0.3306 -0.2896 -0.2522 ~0.2122
Poultry ~0.2141 -0.1531 -0.1179 -0.0569
Livestock -0.1552 -0.0562 ~0.1494 -0.0504
Dairy ~0.3600 ~0.3060 ~0.3600 -0.3060

TABLE 9

FARM MARGINAL VALUE PRODUCTS AND MARGINAL TNTERNAL RATES OF RETURN
FOR KANSAS AND ALL U.S. STATE AGRICULTURAL EXPERIMENT
STATION RESEARCH BY TYPE OF FARM, 1969

Kansas U.S.
MVP  MIRR(Z) MVP  MIRR(Z)
Cash Grain -26.49 92.59 -24.19 89.11
Poultry -2.13 13,46 -6.,09 35.14
Livestock -9.,91 38.78 -7.09 32,28

Dairy -12.66 52,66 -48.98 91.28
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are indicators of how much of the farm level savings goes to processing
and how much goes to other segments of the economy,

As can be seen in table 12, the MVP for poultry at the retail level
was positive. This was because demand at the retail level was elastic.
The positive MVP indicates that all of the farm level savings for poultry
were used in processing.

0f the other two commodity groups shown in table 12, dairy makes

most significant contribution to retail level savings.

Implications

If it were the desire of the society to Increase demand in the
nonagricultural sectors, expenditures on dairy research would be the most
productive. If the goal were to Increase resources committed to processing,
poultry research expenditures would be the most productive. If the desire
were to not decrease farm level TVP, production increasing agricultural
research would not be undertaken.

If the benefits from agricultural research which accrue to a par-
ticular state were defined as increasing the total revenue brought in by
that state, it is clear that a state composed primarily of agricultural
producers would not have been the beneficiary of agricultural research.

In fact, the state that would have received the benefit would have been
the state composed primarily of food processors and other industries
which had experienced increases in demand because of decreases in societal

expenditures on food.

Research Funding Patterns

During the period from 1969 to 1976, constant dollar research ex-

penditures in Kansas decreased (see table 14). This is contrary to what
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TABLE 10

ESTIMATED RETAIL PRICE ELASTICITIES OF DEMAND FOR
SELECTED GROUPS, U.S,, 1969

Commodity Group

Poultry1 Livestock2 Dai£z3

-1,0528 -0.9780 -0.6030

lIncludes chickens, turkeys and eggs.
2Includes beef, veal, pork and lamb.
3Includes fluid milk and cream, evaporated milk, cheese, ice
cream and butter.
TABLE 11

ESTIMATED RETAIL LEVEL RESEARCH ELASTICITY OF PRICE AND RESEARCH
ELASTICITY OF TOTAL VALUE PRODUCT BY COMMODITY, U.S., 1969

Commodity Group

Poultgzl Livestock2 Dairz3
Epep ~0.0579 ~0.1012 -0.0896
EeTVP  0.0031 ~0.0022 -0.10356

1Includes chickens, turkeys an eggs.
2Includes beef, wveal, pork and lamb.

3Includes fluid milk and cream, evaporated milk, cheese, ice
cream and butter.
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TABLE 12
ESTIMATED RETAIL LEVEL AVERAGE VALUE PRODUCTS, MARGINAL

VALUE PRODUCTS AND MARGINAL INTERNAL RATES
OF RETURN BY COMMODITY GROUP, U.S., 1969

Commodity Group éﬁgﬁ MVP MIRR(Z 2
Poultry” 478,77 1,465 6.57
Livestock4 948.68 -2.113 11.28
Dairy’ 996. 09 ~135.413 81.22

lTotal value product was taken from Appendix table 11 and research
expenditures were taken from table 14, but in 1969 dollars.

2Lag times used were six years for poultry, seven years for live-
stock and six years for dairy (8, p. 688).

3Includes chickens, turkeys and eggs.
4Includes beef, veal, pork and lamb.
5Includes fluid milk and cream, evaporated milk, cheese, ice
cream and butter.
TABLE 13

DIFFERENCES IN MARGINAL VALUE PRODUCTS BETWEEN FARM AND RETAIL
LEVEL FOR SELECTED COMMODITY GROUPS, U.S., 1969

Commodity Group

Poultry Livestock Dairy
MVP 7.56 4,98 13.57
MIRR(%}1 40.08 25,77 54.44

1Lag time was six years for poultry and dairy, and seven years for
livestock (8, p. 688).
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marginal analysis recommends., However, research expenditures for cash
grain and livestock did increase both in real terms and in relative terms.
For the U.S. as a whole, real research expenditures increased from
1969 to 1976 (see table 1l4). As with Kansas, U.S. expenditures increased
in the areas of cash grain and livestock. Yet unlike Kansas, U.S5. expen-

ditures increased for dairy research.
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TABLE 14
REAL RESEARCH EXPENDITURES (1974 DOLLARS) FOR SELECTED COMMODITIES AT

KANSAS, ALL NORTH CENTRAL REGION AND ALL U.S. STATE AGRICULTURAL
EXPERIMENT STATIONS, 1969, 1974 AND 1976

Expenditures ($1000)

Kansas CroEs1 Livestock2 Dairy Poultry Total3
1969 1,775 1,448 806 636 13,442
1974 2,569 2,128 674 417 9,288
1976 3,871 2,660 706 413 11,629
N.C.

Regio
1969 13,141 18,764 11,157 5,344 129,320
1974 15,966 23,089 9,897 4,326 122,621
1976 19,0554 24,415 10,181 4,710 133,922
U.S.

1969 24,453 48,224 28,543 22,032 427,777

1974 29,876 54,523 27,013 19,157 423,983

1976 36,932 60,528 29,315 19,559 457,648
Percent of Total Expenditures (%)

Kansas
1969 13.2 10.8 6.0 4.7
1974 27.7 22.9 7.3 4.5
1976 33.3 22.9 6.1 3.6
N.C.

Regio
1969 10.2 14.5 8.6 4.1
1974 13.0 18.8 8.1 3.5
1976 14.2 18.2 7.6 3.5
U.S.

1969 5.7 11.3 6.7 5.2
1974 7.0 12.0 6.4 4.5
1976 8.3 13.5 6.6 4.4

SOURCE: Cooperative State Research Service, Inventory of Agricul-
tural Research, U.S. Department of Agriculture (49). Except for crops,
unadjusted U.S. and regional figures were obtained from Babb and Pratt
(4, p. 35). Expenditures were adjusted with the implicit price deflater
for government purchases of goods and services, 1974 = 100 (Business
Statisties, 52).
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TABLE -14-Continued
1Includes corn, wheat, grain serghum and soybeans,
2Includes beef, swine and sheep.
3All research, not just those itemized here.
4Regional figures for grain sorghum research were not available for
1976; therefore, they were estimated assuming the percentage change from

1974 expenditures would be the average of the percentage changes in Kansas
and U.S. expenditures.



CHAPTER IV

SUMMARY

Interest in the studies of the allocation and productivity of
resources devoted to agricultural research has received a new impetus in
recent years. As demands for scarce research funds increase, the account-
ability of their use to the voters and thus their allocation becomes very
important, not only for legislators, but for those administering funds
as well.

Studies of this type fall into two broad categories: ex post and
ex ante. Ex ante studies examine the prospective returns to agricultural
research not yet done. Ex post studies examine the returns to research
which has already been put in practice.

Ex post studies are generally one of two approaches: the produc-
tion function approach or the index number approach. The index number
approach measures changes in consumer and producer surpluses that result
from agricultural research. That approach is difficult to use in policy
analysis.

The approach that does lend itself to policy analysis, the produc-
tion function approach, is able to do so because marginal analysis (the
analysis needed for allocation decisions) is readily acheived. That
approach normally develops a production function to explain agricultural

cutput, and includes research as an explanatory variable,
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A major shortcoming of the production function approach has been the
assumption of constant prices. Because of that assumption, the approach
does not calculate the research marginal value porducts needed for alloca-
tion decisions. This study developed a methocdology which can be applied
to existing production function results to calculate marginal value prod-
ucts of research at both the farm and retail levels.

The methodology demonstrates that all that was necessary to calcu-
late marginal value products was the average value product (total value
of considered production divided by considered research expenditures), the
research elasticity of production (percentage change in the physical units
of considered production divided by the percentage change in the considered
research expenditures) and the price elasticity of demand (the percentage
change in the physical units of the considered production divided by the
percentage change in the relevant prices). The methodology further demon-
strates that average value products can be calculated from existing data
or obtained from production function results, estimates for research elas-
ticity of production are provided by the production function studies, and
estimates for price elasticity of the demand are obtainable from existing
information.

To demonstrate the methodology, this study uses farm level average
value products and research elasticities of production from Bredahl and
Peterson (8), farm and retail level price elasticities of demand from
Brandow (7), and estimated retall level average value products to calculate
marginal value products for production increasing research in the areas of
poultry, cash grain, livestock and dairy.

By using constant prices, previous production function approach

studies have only been able to calculate marginal products for research.
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The value of estimating marginal value products over marginal products is
evident from the results of this study. Bredahl and Peterson calculated
a marginal product of $0.85 for Kansas poultry research. Since the mar-
ginal expenditure was one dollar, this would appear to indicate overinvest-
ment in this area. However, the marginal value product found in this
study for Kansas poultry research was $-2.13 which means that society saved
$2.13 in expenditures on poultry at the farm level. Spending one dollar
on research to save $2.13 on total expenditures for poultry would seem to
indicate that more rather than less research dollars should be spent in
this area.

Estimation of both retaill and farm level marginal value products
permitted the examination of the forms research returns have taken. For
example, in the case of U.S. poultry research the farm level marginal
value product was $-6.09 while the retail level marginal value product was
$§7.56. That means that farm level expenditures for poultry products
decreased while retall level expenditures increased. Therefore, all the
returns to poultry research were in the form of increased processing of

poultry products,



APPENDIX
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APPENDIX TABLE 6

PRODUCTION AND INPUTS USED PER FARM ON U.S. POULTRY FARMS

WITH SALES OF $2500 OR MORE, 1964, 1969 AND 1974

Production Per Farm 1964 1969 - 1974
Value of Broilers Sold,
1974 Dollarsl 18,554.0 32,140,0 47,146.0
Value of Turkeys Sold,
1974 Dollars? 6,645.0 9,323.0 14,682.0
Value of Eggs Sold, 1974
Dollars’ 26,355.0  43,044.0 62,036.0
Value of Poultry Products Sold,
1974 Dollars 51,554,0 84,507.,0 123,864.0
Inputs Used Per Farm
Value of Land and Buildings,

1974 Dollars 91,022.0 98,507.0 96,846.0
Days of Operator Labor4 179.5 178.7 193.9
Days of Hired Labor5 188.3 264.2 329.3

Total Days of Labor 367.8 442.9 523.2
Poultry Purchased, 1974

Dollars® 7,228.0 14,475.0 24,073.0
Feed Purchased, 1974 Dollars7 37,466.0 68,445.0 87,897.0

SOURCE: (4, pp. 75-76).

1The 1974 U.S broller price of 21.5 cents per pound was multiplied
by the average weight of broillers: 3.78 pounds in 1974, 3.60 pounds in
1969 and 3.48 pounds in 1964 (47). The value per broiler sold was $0.81
in 1974, $0.77 in 1969 and $0.75 in 1964.

2The 1974 U.S. turkey price of 28 cents per pound was multiplied
by the average weight of turkeys: 18.5 pounds in 1974, 19.0 pounds in
1969 and 18.1 pounds in 1964 (47). The value per turkey sold was $5.18
for 1974, $5.32 in 1969 and $5.07 in 1964.
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APPENDIX TABLE 6-Continued

3he 1974 U,S. egg price of 53,3 cents per dozen was multiplied by
the dozens of eggs per layer: 19,25 in 1974, 18,33 in 1969 and 18.08 in
1964 (47), The value of eggs per layer was $10,26 in 1974, $9,77 in 1969
and $9,.64 in 1964,

4Days of operator labor were based on the number of days worked on
the farm, with a weight of 0,6 placed on days worked by operators over
age 65 (8, p. 24).

5Hired and contract labor expenditures were divided by average
daily wages for hired farm workers in the U,S.,: $18.32 in 1974, $12.40
in 1969 and $8.64 in 1964,

6Prices of turkey poults, layer chicks and broiler chicks changed
by almost identical percentages among census years (47). The price index,
which was divided into actual poultry purchases, was 1,00 for 1974, 0,82
for 1969 and 0,85 for 1964,

7'I.'he U.S. poultry feed price was used to adjust expenditures for
feed to 1974 prices (47). Feed expenditures were divided by 1.00 for 1974,
0.526 for 1969 and 0.573 for 1964, Does not include the value of corn or
other grains produced and fed on the same farm.



61

0°80€°LT
0°%89°%1
0°81¢
0°909
0°12€°91

KA AYA
v Ll
0°LL1

0°068°681

0" L%1°6€
A K4

S 911
G61
1'18

YL61

0°Z1£°91
0°99Z°%1
0" 1.5
0°'099
0°'01%°Z1
6°4%9¢
8° 48
1081

0°9€G6°G/1

0°691°1¢
CA

97501

¢ 1t

A=t

6961

0°860°91
0°8Z6°¢€1
0°106
0°699
0°168°CT

£°e0t
0°t01

£°00¢

0°%96°12¢

0°€06°1¢€
9t
0°¢CT1
S°LC
1°96

%961

SIBTTOQ %(61 ‘Wo03g Burposag jo anfep

hwmmmzou:m §00389AT"]

cxuoum Burpoaag doays Jo INTEA

8

mxuoum Burposag BoH Jo InyvA

¢x00um Surposayg j99g JO INTEBA
104qeT JO SAeg TEIO]

muoamq PoatTH Jo sfeq

Nuonmq aoleasdg jo sde(q

sielt1oq %/61 ‘SBurpring pue pue] jo anTep

wiej i19J posq sinduy

(STEIIO Y161 ‘PIOS MD03ISIATT JO SNTEA
pros sque] pue dosug jo asquny
p1os s8rd pue s3of Jo aagqunpy
PIOS SoATE) IO IoqunN

PTOS 27338) JO Iaquny

wiej 19 UOTIONPOIg

%161 UNV 6961 ‘%961 ‘TIOW ¥0 00$T$ A0 STIVS HIIM

SHAVd AD0LSHEAIT *S°N NO WdVA ¥Hd QIS SLOANI aNV NOILONaoud

{ T19VI XIANdddV



62

—and 320383AT] 3O onfeA 9yl snyd suaey uo }O03s Furpesiq JO INTEA SOWII GI°(Q SBA MDO0ISSATL JO INTEA

*(89 -d °‘g) poseyo
8

*$961 101 GL¥°0 Pu® 6961 203 £789°0 ‘%61 10F 001 Sem ‘saseyoind J01ISIAT] TenIOB OJUT PAPTATP Sen
YoTym ‘xopur =01ad | ‘swiej snsuso uo Furpaeeiq ioj deeys pue sJoy “sT33w0 Jo uworixodoad syl Lq pejydrom

“S073573831S [eAN3[NOJJIJY WOIJ TJeRWFUE JO SSBID Yowe Jo sa01ad Sufsn pajoniisucd sem Xapuf aofad y

Iyl U SasnjIoMm wivy paary 103 sa8em L{jep 23ea9ArR Aq POPTATP 9INITpuadxd I10qET J0BIAJUOD PUE POITH

*peay aad gg$ sawpl Suppoa1q I10J I9A0 puw pyo Jeof QU0 somd 0 I9quny
*peay aad (/¢ sowmr3 Burpesiq 103 s37d pue s8oy jo ra2quny

‘peoy 12d [HE$ SOWI] PaATED pPRY 1BY] SIIJIIY pPUB SM0D J99¢ JO IDqUNN

L

9

S

v

“(I%) %961 UT %9°g$ PU®B 96T UT 0%°Z14 *%/61 UT TE°8IS :°S'n

£

: *(y7 *d ‘g) ¢9 =3e 19A0 saojeiado £q payiom sfep
uo paderd g*p jo IY3TSM B YITA wiej Uo pIyIom sep JO Iaqunu uwo paseq dism loqe] 1ojeiado jo sdeq

C

*squeT pue deaays o3 peoy aad g9gg pue sToy 1oz peay iad (/4§ “S9ATED J03 pesy a=d

TE1$ ‘91330 07 peoy 3ad THES

:pOSn 919M SNMSUID JYJ U sSIswAeJ °"§°f) £q PaATe091 s901ad 4767 92Ul

1
*(gL-1¢ -dd ‘%) 1ED¥NOS

0°856°91 0'%E€8°CT
0°cha‘y 0°60Z°1
0°€0s‘¢E 0°€Z4° ¢
0°018°11 07016
w61 6961

0°015°¢E1
0°€LT T
0°008°€
0°1€5°8

7961

NHmumHﬁon %161 ‘P994 3o anfep
ﬂﬁmumﬂaom.qmmﬁ ‘paonpoig 98eT1S uio)
camhmﬂﬁom t/61 ‘peonpoag Aevn

gSAPTTO0 RLg] fposEydIng POy

mieg 194 pos[ sinduy

pPoNULIUO)—/

ATIVE XI(NIIIY



63

*wiej dwes 24yl uo pajy pue poonpoad sujead 19Yjlo 10 U0 JO IN[eA BY]J IPNJIUF jou mmcmma

*28e7Is JO
uol 1ed §/°7z$ 10 uol 1ad (g¢*¢§ snyd w100 jo 201ad 9yl SoWII GEL°9 S /6] I0J poindwod sem IBBTIS JO INTEA
*(L%) %l61 UT suol § 0 PUB 961 UT SUOI 9°ZT ‘%961 UT Suol /°6 sem 3i1de iad 23eyrs jo PT¥A .

*(t%) uwol aad 9-0c$ sem 2dtad Ley SN w61 mgaoﬂ

7961
UT Z19%°0 PUB 6961 UT 60160 ‘%./61 UT 00°1 £q PIpPTAIP 219m saanjypuadxs paag - (Ly) sooT1ad #/61 03 Pawj
103J saanjypuadxa 3sn{pe o031 pasn gsem °g*'n 8yl ioj pe°3 B0y pur 9731IBD Jo 201iad o8evisae oTdufs m:Hm

panupluo)—-/ FAI4VI XIANIJdV



64
APPENDIX TABLE 8

PRODUCTIQN AND INPUTS USED PER FARM ON U,S, DAIRY FARMS
WITH SALES OF $2500 OR MORE, 1964, 1969 AND 1974

Production Per Farm . 1964 1969 1974

Milk Sold (Cwt.)l 2,559,0 3,452,0 4,895.0

Value of Milk Sold, 1974
Dpllar52 21,521.0 29,031.0 41,167.0

Inputs Used Per Farm

Value of Land and Buildings,

1974 Dollars 115,801,0 123,654.0 136,954.0
Acres of Pasture 64,5 70.1 74.9
Days of Operator Labor3 218.6 218.0 225.6
Days of Hired Labor4 106.6 125.9 133.7
Total Days of Labor 325.2 343.9 359.3
Number of Cows Milked 31.6 36.6 47.5

~ Feed Purchased, 1974
Dollars’ 6,427.0  10,328.0 13,810.0

. Hay Produced, 1974

Dollars® 4,356.0 6.981.0 7,318.0

Corn Silage Produced,

1974 Dollars7
Value of Feed, 1974 Dollars

2,114.0 3,763.0 5,283.0

8 12,897.0 21,072.0 26,411.0

SOURCE: (4, pp. 79-80).

lMilk production per cow times number of cows milked,

21974 average milk price was $8,41 per hundredweight,

3Days of operator labor were based on number of days worked on
farm, with a weight of 0.6 placed on days worked byroperators:over age 65,

(8, p. 24},

4 .

Hired and contract labor expenditures divided by average daily
wages for hired farm workers in the U.S,: $18,32 in 1974, $12,40 in 1969
and $8.64 1n 1964 (47).
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APPENDIX TABLE 8-Continued

SThe price of 16 percent dairy ration for the U,S. was used to ad-
just expendlitures for feed to 1974 prices (47). TFeed expenditures were
divided by 1.00 for 1974, 0.5145 for 1969 and 0,5377 for 1964,

6The 1974 U,S, hay price was $5C.60 per ton (47).

7Yi_eld of silage per acre was 10.4 tons iIn 1974, 12.6 tons in 1969
and 9,7 tons in 1964 (47). Value of silage was computed for 1974 as 6.35
times the price of corn plus $3,50 per ton or $22.74 per ton of silage.

8Dnes not include the wvalue of corn or other grains produced and
fed on the same farm.
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Studies considering the returns to past agricultural research have
basically used two approaches: the production function approach and the
index number approach. The latter of the two approaches measures changes
in consumer and producer surpluses and, therefore, measures gross returns.
On the other hand, production function approach studies develop some form
of agricultural production using agricultural ocutput as the dependent
variable and agricultural inputs, including research and extension, as
the independent variables.

The production function approach is well adapted to measuring mar-
ginal returns to research. Since it is estimates of the marginal returns
to research which are needed for research resource allocation decisions,
the production function approach is more useful than the index number
approach in studying those decisions.

Past production function approach studies have used constant prices
as weights for agricultural output; therefore, the results are expressed
as marginal products, the marginal change in agricultural productiom.
However, marginal value products, the marginal change in the value of
agricultural production, 1s a more accurate measure of social benefit
because it is the decrease in societal expenditures for farm products
which constitutes social benefit. This study developed a methodology
which can be applied to existing production function results to calcu-
late marginal value products of research at both the farm and retail
levels.

The methodology demonstrates that all that was necessary to calcu-
late marginal value products was the average value product (total value
of considered production divided by considered research expenditures), the

research elasticity of production (percentage change in the physical units
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2
of considered production divided by the percentage change in the considered
research expenditures) and the price elasticity of demand (the percentage
change in the physical units of the considered production divided by the
percentage change in the relevant prices). The methodology further demon-
strates that average value products can be claculated from existing data
or obtained from production function results, estimates for research elas-
ticity of production are provided by the production function studies, and
estimates for price elasticity of demand are obtainable from existing
information.

To demonstrate the methodology, this study uses farm level average
value products and research elasticities of production from Bredahl and
Peterson (8), farm and retail level price elasticities of demand from
Brandow (7), and estimated retail level average value products to calcu-
late marginal value products for production increasing research in the
areas of poultry, cash graln, livestock and dairy,

The value of estimating marginal value products over marginal
products is evident from the results of this study. Bredahl and Peterson
calculated a marginal product of $0.85 for Kansas poultry research.

Since the marginal expenditure was ome dollar, this would appear to in-
dicate overinvestment in this area. However, the marginal value product
found in this study for Kansas poultry research was $-2.13 which means
that society saved $2.13 in total expenditures for poultry at the farm
level. Spending one dollar on research to save $2.13 to total expendi-
tures for poultry would seem to indicate that more rather than less
research dollars should be spent in this area.

Estimation of both retail and farm level marginal value products

permitted the examination of the forms research returns have taken.
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For example, in the case of U.S. poultry research the farm level marginal
value product was $-6.09 while the retail level marginal wvalue product was
$7.56. That meant that farm level expenditures for poultry products de-
creased while retail level expenditures increased. Therefore, all the
returns to poultry research were in the form of increased processing

of poultry products.



