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SUMMARY AND CONCLUSIONS 

For this analysis the Cobb-Douglas function was fitted to data taken from 
a sample of north Missouri farms. The results obtained were not single farm 
production functions but an average of the individual production functions of 
the farms sampled. The results apply only to 1962 data and do not necessarily 
represent the situation in any other time period. The functions were fitted to 
farms classified by area and type, as well as to all farms in the sample. 

The independent variables used to explain gross revenue, the dependent 
variable, were: land, labor, machinery investment, livestock and crop inventory, 
and selected cash expenses. The expense item was computed in two different 
ways. For the first only feed and fertilizer expenses were used while the second 
method included purchased livestock. 

The use of the Cobb-Douglas equation, for this analysis, permitted the esti
mation of the production elasticities and marginal value productivities of the 
resources. The elasticity of production for each model was computed by sum
ming the regression coefficients of the inputs. In most cases diminishing returns 
to scale were found. The marginal value products computed at the geometric 
means indicated that further adjustments are necessary. In most cases the land, 
investment and expense resources had high marginal value products, while the 
returns to labor were low, indicating that more use of land and capital relative 
to labor would be profitable. 

The addition of purchased livestock to the expense category of inputs, in 
most cases, had noticeable impact upon the results. The changes in results on 
hog farms were the greatest from the addition of this input. Since a major por
tion of the livestock purchased by hog farmers was cattle, it would appear that 
use of cattle as a supplementary enterprise on these farms has an important ef
fect on gross revenue. 

Another result suggesting a more detailed analysis could be useful was the 
transformation ratio obtained for the cash grain farms. It appeared from this 
analysis that the land resource was by far the most important variable in de
termining gross revenue. The expense input, containing feed and fertilizer ex
pense, was not significant. Obviously, some of the effect of the variable is lost 
due to aggregation and the characteristics of functional analysis. However, it 
seems unlikely that fertilizer would be an insignificant variable on cash grain 
farms. This suggests that further research in this area is needed in order to de
termine the effects of fertilization or the reasons that this item appeared to be 
nonsignificant in the model used in this analysis. 

The results indicate that further adjustments are needed in north Missouri. 
To obtain a more nearly optimal situation, further reallocation of resources is 
necessary. This probably will occur in much the same pattern as in the past with 
a trend toward larger and more efficient farm organizations, with less labor used 
relative to the level of other resources. The relatively low marginal values as
sociated with labor versus those associated with land and capital items indicate 
that such substitutions are economically justified. 
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Aggregate Production Functions 
for Farms in Northern Missouri 

(1962) 

FRANCES M. BREES* AND DALE COLYER** 

INTRODUCTION 

Production functions of the aggregative type have been computed for farms 

in many areas in recent years. Usually farm records or cross-sectional survey data 

have been used to estimate functional relationships. These types of studies are 

useful for descriptive and diagnostic analyses of resource use and productivity 

for broad classes of farm inputs. They also provide information which may be 

useful for resource adjustment and policy decisions but cannot be used for mak

ing recommendations as to quantities of specific resources. 
A sample survey was made for 1962 commercial farm operations in North-

em Missouri for use in Missouri Agricultural Experiment Station Project 509-

Supply Response of Hog and Beef Cattle Production in North Missouri. Data 

from the cross section of farms included in that survey were used to estimate 

the aggregate farm production functions for the northern one-half of Missouri. 

The data and results apply specifically to the year 1962. Functions for other 

years would vary from those computed for this study because of weather, 

changes in techniques, and other variable factors. The 1962 growing season, 

while variable over an area so large as North Missouri, was fairly typical with 

average or slightly less than average rainfall in most areas of the region. The 

average corn yield for the state was 58 bushels per acre, compared with 62 

bushels in 1961 which was a very favorable year. 
A random sample of farms was used to obtain the data for farms in 44 

counties of North Missouri (See Figure 1). This enables inferences to be made 

for the entire area on the basis of the sample results. The most useful inferences 

that can be made are those indicating the marginal productivities of the various 

categories of inputs. When compared with market prices they indicate the de-

*Formerly Research Assistant at the University of Missouri. 
•• Associate Professor of Agricultural Economics. 
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viation in optimality in the use of those resources since the marginal value prod
uct will equal the market price under optimal organizations where profit maxi
mization is the objective. 

COBB-DOUGLAS PRODUCTION FUNCTIONS 

The data were fitted to a power function of the type generally called a 
Cobb-Douglas production function. This has been used widely for aggregate or 
"whole farm" functional analyses. Its widespread use can be attributed partially 
to the relative ease in determining production elasticities and marginal values 
from the mathematical function and to its relatively simple computational re
quirements.1 

The general form of the Cobb-Douglas model is as follows: 

Y = aX 1 bl X 2 b2 .. . Xn bn 

where Y is the dependent variable (output), X 1 through Xn are the independent 

variables (inputs), a is a constant term and b 1 through bn are transformation 

ratios for X 1 through Xn respectively. Addition of all the b values, b1 + b2 + 
... + bn, gives the elasticity of production (percentage change in output divided 
by percentage change in inputs). An elasticity of production equal to one in
dicates that returns to scale are constant; an elasticity less than one indicates 
decreasing returns; an elasticity greater than one denotes increasing returns for 
the variables included in the particular model. 

The Cobb-Douglas function can be converted to a logarithmic form as fol
lows: 

ln Y = Ina + b1 (lnX1 ) + b2 (lnXJ + ... + bn (lnXn)· 

In this form the function is linear and standard least squares multiple regression 
techniques can be used to estimate the functional equation. 

MODELS AND VARIABLES USED 

For this study a Cobb-Douglas function of the following type was used: 

Y = aX1 bl X2b2 X 3b3 X4 b4 X5 b5 

Data for various stratifications of the farm survey were used to estimate the 
parameters a, b1 , b2 , b3 , b4 , and b5 . The variables, Y and X 1 through Xs, rep
resent production and resources of the farms where: 

Y = gross revenue in dollars. 
X 1 = land in acres. 
X2 = labor in weeks of man labor. 
x3 = investment in major equipment in dollars. 
x4 = livestock and crop inventories in dollars . 
X 5 = cash expenses in dollars. 

1 For a derailed discussion of such produccion funccions see: Earl 0. Heady and John L. Dillon, Agricultural 
Production Fzmctiom (Iowa Stace Universicy Press, Ames 1961). 
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Gross Revenue 

Gross revenue was determined by multiplying .Physical sales of livestock, 
crops, and other products by standard prices. This was done to minimize the 
effect of prices on income and to obtain a physical relationship between output 
and quantity of inputs. The prices used are given in Appendix Table I. Return 
from custom work performed was also included in the gross revenue flgure. This 
allowed for additional revenue obtained from excess machinery capacity not used 
on the individual farms. The sales and custom work figures were summed, giv
ing a gross revenue figure in dollars. 

Land 

The land resource was measured in tillable acres. "Tillable acres" were de
fined, to the farmers surveyed, as land plowed in the last seven years. T his meas
urement of land measures the more productive land and doesn't include waste 
land or land not used in production of most income producing crops. However, 
the major shortcoming of this measure is the fact that it doesn't include per
manent pasture land which is an important resource of beef and dairy farms. 

Labor 

The labor resource was measured in weeks of labor and included all labor 
used on the farm. The weeks of labor performed by the operator, wife, children, 
other family members, and regular and part rime hired employees were summed 
to obtain the labor input per farm. 

Major Equipment Investment 

The major equipment invest ment was the present value in dollars of fatm 
equipment owned by the operator. This included tractors, trucks, combines, com 
pickers, field choppers, grain dryers, feed handling systems, and other field equip
ment. 

Livestock and Crop Inventory 

The crop and livestock inventories were measured in dollar value invested 
in the farm business. The livestock included beef cow herds, dairy herds, sheep 
and hogs. The crop inventory was crops held for sale or for livestock feed. The 
closing inventory for 1962 was used to obtain the investment for the individual 
farms. Some farms did nor report any inventories and in order to include them 
in the study it was necessary to add one to the values for each farm. 2 

Expenses 

Cash expense was measured in dollars. Physical quantities of feed, fertilizer, 
and purchased livestock quantities were multiplied by adjusted prices to obtain 
' The darn are convened to natural logarithms for fi rring the Cobb-Douglas functions and the logarithm for zero is undefined. Adding one to each value enables rhe inclusion of the farm with variables equal to zero with· out significantly affecting the results. 
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adjusted cost values for these items. Lack of complete information on operating 

and miscellaneous costs made these figures unreliable and therefore they were 

not used. In order to determine the effects of livestock feeding on gross reve

nues, the models were computed first with the cash expense item containing 

only feed and fertilizer expenses. The cost of purchased livestock was then added 

to the expense items and the models computed including this item. Since the 

fitting of the Cobb-Douglas function requires the use of logarithms, and be

cause the logarithm of zero is undefined it was impossible to include purchased 

Ii vestock as a separate variable because a large number of farmers did not pur

chase livestock. 

Farm Samples Fitted 

The function was first fitted to 585 sample farms in the 44 northern Mis

souri counties. The objective of this model was to obtain a better understanding 

of resource allocation on all north Missouri farms. 
The farms were then stratified according to the census economic areas with 

222 farms in northeast Missouri, 174 farms in north central Missouri, and 188 

farms in northwest Missouri. The purpose of this stratification was to observe 

resource allocation and compare productivity in the three areas. 
Finally, the farms were stratified on the basis of type. They were classified 

as: cash grain, 110 farms; mixed livestock, 159 farms; beef cattle, 101 farms; 

hog, 153 farms; and dairy, 60 farms. Classification of farms was by the enter

prise that accounted for 50 percent or more of gross sales. The purpose of these 

classifications was to permit comparison of resources used in the different types 

of farming and to provide more uniform farms within a classification. 
The arithmetic means and standard deviations for the variables used in the 

different models are given in Appendix Table II. 

RESULTS OF THE FUNCTIONAL ANALYSIS 

The Cobb-Douglas function was fitted to the different models and the con

stant values, coefficients of determination, regression coefficients, and geometric 

means were computed. The regression coefficients were summed in order to ob

tain the production elasticities and marginal value productivities were determined 

using the geometric means. The equations for the various models and situations 

are given in Appendix Tables IV and V. 

I. Models Without Purchased Livestock Being 
Included in the Expense Input 

The function was fitted to the representative farm situations without pur

chased livestock being included in the expense item. In this case the expense 

input included only expenditures for feed and fertilizer. 
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Coefficients of Determination 

The percentages of variation in gross revenues explained by the inputs used 
in models are shown by the coefficients of determination in Table 1. In the 
model including all farms , approximately 55.6 percent of the variation in gross 
income was explained by the five inputs. When farms were classified according 
to type, only one classification, hog farms, had less than 50 percent of the varia
tion in gross income explained. The highest amount of explained variation-ap
proximately 71 percent-was for the cash grain farms. This tends to indicate that 
these resources do a "better job" of explaining returns for cash grain farms than 
for other types of farming. These higher coefficients of determination would be 
expected since classification by type provides a more homogeneous grouping of 
farms. 

TABLE 1 -- FARM SAMPLES, CONSTANT VALUES, AND COEFFICIENTS OF 

DETERMINATION (X5= FEED AND FERTILIZER EXPENSES) 

No. Farms Constant Coefficient of 
in Sample Value Determination 

All Farms 585 3.81645 .55598 

NE Mo. 222 3.56041 . 66414 

NC Mo. 174 3.30979 • 55915 

NW Mo. 188 4.33819 .45460 

Cash Grain llO 2. 75166 . 70994 

Mixed Livestock 159 2.23008 .63191 

Beef 101 5.01328 .55746 
Hog 153 4.54649 .49275 
Dairy 60 3.91437 .68336 

The variables used appeared to have better explained rhe variations in gross 
revenue for northeast Missouri than for the orher two areas. The explained varia
tion for northeast Missouri is approximately 66.4 percent; approximately 10.5 
percent greater than the variation for north central area and approximately 21 
percent greater than that of the northwest area. This indicated that some vari
ables important for explaining income variations in north central and northwest 
Missouri may not have been included in the model. 

The remaining amount of unexplained variation could have been due to 
variations in the techniques of production used by different farmers, variations 
due to weather and other natural forces, variations in management, errors in re
porting the data, or to variables not included in the analysis. 
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Elasticities of Production 

The elasticities of production are determined by the regression coefficients 
and are shown in Table 2. The elasticities represent the change in output that 
can be attributed to a one unit change in a given resource. The sum of the re
gression coefficients for each resource in a model gives the elasticity of produc
tion for the model. 

The elasticity of production for all farms was .89260. Since this is less than 
one, it indicates diminishing returns for the resource combinations. All coeffi
cients in the all farms model were significant at the 10 percent level. The land 
variable had the highest regression coefficient, indicating that it has the largest 
effect on gross revenues. 

Diminishing returns to scale existed in all three area classifications. The 
northeast and north central areas had approximately the same elasticities of pro
duction (.93572 and .92303, respectively) while the northwest area was lower at 
.84612. This is as would be expected, since the characteristic type of farming 
is more intensive in the northwest area. 

Cash grain farms had a production elasticity of 1.03811, which indicated that 
they were approaching constant returns to scale. (Elasticity of production equal 
to one indicates constant returns to scale.) An unexpected result can be noted in 

this model. Since the expense item only included feed and fertilizer expense, 
this variable was expected to have an important effect on gross incomes. This 
would be expected because of crop yield response to fertilizer. However, this 
was not the case. The regression coefficient for feed and fertilizer expense was 
.02011 and was not significant even at the .10 probability level. Fertilizer use 
per acre did not vary sufficiently for this variable to exert any significant in
fluence on gross income in the equation. The regression coefficient of .88353 
for the land resource, however, was much higher than that for any other regres
sion coefficient computed in the study. This would indicate that tillable acres are 
by far the most important resource for cash grain farms and that the fertilizer 
use probably was reflected in the land coefficient. 

Mixed livestock farms had an elasticity of production greater than one, in
dicating increasing returns to scale. Many of the small and medium size mixed 
livestock farms are operated very inefficiently with low intensities of resource 
use whereas the large farms were operated more intensively. Thus the increasing 
of returns on this type of farm probably is attributable to a considerable varia
tion in production techniques rather than economies of scale. All other classifi
cations had decreasing returns to scale. 

The negative coefficients noted in some instances indicate that an increase 
in a particular resource would reduce gross revenue. However, in all cases the 
negative coefficients were not statistically significant and it is doubtful that this 
sort of relationship actually exists. 



TABLE 2 -- REGRESSION COEFFICIENTS (ELASTICITIES OF PRODUCTION) 

- x 5 =FEED AND FERTILIZER EXPENSES -

Land Major L.S. & 

Tillable Labor Equip. Crop 

Acres Weeks Invest. Invest Expenses 

xl x2 x3 x4 x5 Sum 

All Farms .41469a .13348b .14627a .03009c .16807a .89260 

.16184b .09368b .04499b 

i.d 

NE Mo. .38690a 
.2483la . 93572 

t"r1 
VJ 
t"r1 

.28354a .2041la .10201b .12427a 
> 

NC Mo. .20910 
.92303 ~ 

n 

"NW Mo. ,55033a .04088 .07846 .00449 .l 7196a .84612 
::r: 
to 

.88353a .16703b 

c:: 

Cash Grain -.06017 .02761 • 02011 1.03811 
r r 
t"r1 

Mixed L,S. .36102a .36646a ,13140c .05744 .2687la 1.18503 
>-l z 

Beef .45394a -.07849 .11974 -.03335 .20479a .66663 00 

Hog .28471a ,21013c .08801 .07029b .15378a .08692 '° ""' 
Dairy .17313 .22083 .31737a -.01421 .14589a .84301 

--
aSignificant at • 01 level. 

bSignificant at . 05 level. 

cSignificant at .10 level. 
...... 
...... 
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Marginal Value Productivities 

The marginal value productivities represent the addition to gross revenue 
caused by the addition of one unit of a particular resource. The marginal value 
productivities for the res~urces used in the various models were computed at 
the geometric means of the resources. Geometric means of all variables are given 
in Appendix Table III. The marginal value productivities are computed by mul
tiplying the regression coefficient of the given resource times the ratio of the 
geometric mean of gross revenue to the geometric mean of the given resource.3 

For example, the marginal value product of land for all farms in the sample 
was: 

MVP = .41469 x 8708 = $23.30 per tillable acre 
155 

The marginal value productivities for all resources are shown in Table 3. 

TABLE 3 -- MARGINAL VALUE PRODUCTIVITIES, 

X =FEED AND FERTILIZER EXPENSE 
5 

Land Major L.S. & 
Tillable Labor Equip. Crop 
Acres Weeks Invest. Invent. Expenses 

XI x2 x3 x4 x5 

All Farms $23.30 $18.75 $ . 29 $.08 $1.66 

NE Mo. 21. 60 24 .77 . 18 .11 1. 84 

NC Mo. 15.16 24.48 .43 .15 1.53 

NW Mo. 33.41 6.08 .14 .02 1. 93 

Cash Grain 34.82 -7 .46 .20 .19 .30 

Mixed Livestock 18.30 46.43 . 27 .09 2.28 

Beef 25 .65 -10.77 . 29 -.06 2.32 

Hog 20.33 37.03 .18 .22 1.12 

Dairy 13.20 30.09 .76 -.02 1. 69 

MVP Land. The marginal value product for land was measured in dollar 
returns per tillable acre. The marginal value productivity for all farms was $23.30 
per tillable acre. The highest marginal value product for land was $34.82 per 
tillable acre for cash grain farms. This might be expected since land used in 

''Earl R. Swanson, " Determining Optimum Size of Business From Production Functions," Resource Productivil)', 
Rd lll'llJ to Scale, aud Farm Size, Edited by Heady, Johnson, and Hardin, Iowa State College Press, Ames, Iowa, 
1956, p. 136. 
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cash grain farming is likely to have a higher proportion devoted to high income 
crops than is land used in livestock operations, which utilize more forages. 

The differences in marginal value productivities of land for the different 
areas were as expected. The highest was in the northwest part of the state .where 
a large portion of the crop land was in grain crops. The northeast area has a 
high proportion of crop land, but it is not as intensively farmed and yields also 
average somewhat lower than in norrhwest Missouri. 

The MVP for land would be avaitable to pay annual costs, such as taxes 
and interest. In general, it appears that at the geometric mean of acreages 
operated it would pay the operator to acquire additional land since $15 to $20 
pays the annual charges on $200 per acre land. 

MVP Labor. The marginal value productivity for labor was measured in 
dollar returns per week of labor. The marginal value product for labor for all 
farms sampled is $18.77 per week of labor. The returns for labor are low for all 
groups shown. This indicates that there is an excess of labor on north Missouri 
farms and that there is still room for outward adjustment in the use of this re
source. 

MVP Major Equipment. The marginal value product for equipment was 
measured in dollar returns per dollar of investment. The highest return for this 
factor was $0.76 per dollar equipment investment on dairy farms. The returns 
for all sampled farms was $0.29 per dollar invested. Assuming the only costs to 
be covered were five percent interest and straight line depreciation for 10 years, 
rhe yearly factor cost would be $0.15 per dollar of investment. Since the opti
mum point of allocation would be where the marginal value product equaled 
the marginal factor cost ($0.15), it would appear that further use of the ma
chinery and equipment could be justified. 

MVP Livestock and Crop Inventory. The returns to livestock and crop 
inventories were measured in dollars per dollar of investment. The marginal 
value productivity for all farms was $0.08 per dollar of investment. Assuming a 
five percent interest charge as the only cost, the yearly factor cost would be 
$0.05 per dollar of investment. It would appear that in several cases further use 
of this resource also would be justified. 

MVP Expenses. The marginal value productivity for expenses was meas
ured by dollar returns per dollar spent for feed and fertilizer. The marginal value 
product for all farms was $1.66 per dollar of expenditure. The returns for these 
resources were greater than the cost of the resources for all models except cash 
grain farms. The highest occurred on beef farms ($4.32) and the lowest, with 
the exception of cash grain farms, was on hog farms ($1.12). When classified 
by area, the marginal value products for feed and fertilizer ranged from $1.53 
(north central area) to $1.93 (northeast Missouri area). This indicates that addi
tional use of these inputs would increase gross incomes. 
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II. Models With Purchased Livestock 
Included in Expense Variable 

The function was fitted to the farm samples with purchased livestock in
cluded in the expense input to measure the effect of that activity upon the equa
tion for the various farm classifications. 

Coefficients of Determination 

The addition of purchased livestock increased the percentage of explained 
variation (Table 4) in all cases. The coefficient of determination for all sampled 
farms was approximately 60 percent. The largest increase occurred in the case 
of hog farms. The addition of purchased livestock increased the coefficient of 
determination from .49275 to .61784. All categories of farms classified by type 
had coefficients of determination ranging from .61784 to . 71046. 

TABLE 4 -- FARM SAMPLES, CONSTANT VALUES AND COEFFICIENTS OF 

DETERMINATION (XS= FEED, FERTILIZER AND 

PURCHASED LIVESTOCK EXPENSE) 

All Farms 

NE Mo. 

NC Mo. 

NW Mo. 

Cash Grain 

Mixed Livestock 

Beef 

Hog 

Dairy 

No. Farms 
in Sample 

585 

222 

174 

188 

110 

159 

101 

153 

60 

Constant Coefficient of 
Value Determination 

3.76439 .59855 

3.36987 .67708 

3.70416 .60173 

4.25785 .52172 

2.76282 • 71046 

2.19364 .69216 

4.67888 .62581 

4.20855 .61784 

3.94978 .69043 

The effect of purchased livestock in percent of explained variation, in the 
area classifications, was greater in the north central and northwest Missouri areas 
than in the northeast area. This indicated that purchased livestock were less im
portant in the northeast area and more important in the northwest and north 
central areas where the larger changes in explained variation occurred. 

Elasticities of Production 

The elasticity of production for all farms combined was lowered slightly, 
from .89260 to .88092, by the addition of purchased livestock to the expense 
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variable. The elasticities for all strata are shown in Table 5. In most cases the 
production elasticities for the farms were lowered. This would have been ex
pected because addition of purchased livestock to a farming operation would 
increase its scale of operation. Production elasticities measure the returns to scale 
and when diminishing returns exist, an increase in scale lowers the elasticity 
of production. Negative coefficients were observed, but were not statistically 
significant. 

TABLE 5 -- MARGINAL VALUE PRODUCTIVITIES 

(X5 =FEED, FERTILIZER, AND PURCHASED LIVESTOCK EXPENSE) 

Land Major L.S. & 
Tillable Labor Equip. Crop 
Acres Weeks Invest. Invent. Expenses 

x1 x2 x3 x4 x5 

All Farms $21.44 $18.23 $.27 $.09 $1.60 

NE Mo. 17.73 26.12 .29 .14 1.23 

NC Mo. 14.16 11.97 .36 .15 1.66 

NW Mo. 31. 69 10.08 .11 .01 1.41 

Cash Grain 34.73 -7.25 .20 .19 .30 

Mixed Livestock 16. 70 39.07 .16 .19 1. 78 

Beef 15.15 -12.55 .29 .12 1.21 

Hog 11.09 22.48 .14 .27 1.68 

Dairy 13.21 26.88 .76 -.02 1.50 

While the regression coefficient for expenses on the hog farms increased 
from .15378 to .32839, the elasticity of production decreased from .80692 to 
.76312. Since the amounts of explained variations in gross income were also in
creased a great deal, it appears that purchased livestock is an important variable 
in determining gross incomes on hog farms. The hog farmers purchased both 
feeder pigs and cattle with the greater expenditures for cattle. 

Marginal Value Productivities 

The marginal value productivities in most cases were lowered with the addi
tion of purchased livesrock into the expense variable (See Table 6.) The margi
nal value product for land was $21.44 per tillable acre on all sampled farms com
pared with $23.30 without purchased livestock. The range was from $11.09 for 
hog farms to $34.73 for cash grain farms. In nearly all cases the marginal value 
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TABLE 6 - REGRESSION COEFFICIENTS (ELASTICITIES OF PRODUCTION), 
x 5 = FEED FERTILIZER, AND PURCHASED LNESTOCK EXPENSE 

Land Major L.S. & 
Tillable Labor Equip. Crop 
Acres Weeks Invest. Invest. Expenses 

~- x2 X3 X4 X5 Sum 

All Farms . 38163a .12983b .13752a . 03463b .19731a . 88092 

NE Missouri . 31763a .17062b .14709a . 05318b . 23547a . 92399 

NC Missouri .26498a .10226 .17312a .10301a .17693a . 82030 

NW Missouri .52207a . 06774 . 05751 .00245 . 20301 a . 8527 8 

Cash Grain . 88l29a -.05853 .16469b . 02696 . 02271 1. 03712 

Mixed L. S. .32952a . 30831 b .07922 .12197c . 29928a 1.13830 

Beef . 26813b -.09149 .12058a . 06807 . 24231 a . 60760 

Hog .15532b .12756 . 06459 . 08726a . 32839a . 76312 

Dairy .17316 .19727 .31998a -.01242 .14729a . 82528 

aSignificant at . 01 level. 

bSignificant at . 05 level. 

cSignificant at .10 level. 

product for land was lowered with the addition of purchased livestock. The mar
ginal value products for labor remained low, with a return of $18.23 per week 
of labor on all sampled farms. In most cases the marginal returns for expenses 
were also lowered. However, for hog farms, apparently the most affected by in
clusion of purchased livestock, the marginal returns per dollar of expense were 
increased from $1.12 to $1.68. 

MVP'S WITH COMPUTED OPTIMAL PLANS 

Optimal plans were computed for representative farms in each area used 
for this study. 4 These were based on types of farms and were computed for 
small, medium, and large farms using linear programming. The medium size 
farms had mean values for resources similar to the means for the whole sample. 
The shadow prices for the optimality calculations, where comparable input cate
gories are used, are similar to the MVP'S calculated from the functional analy
sis. 5 The shadow prices for the selected variables used are listed in Table 7. 

·•Results of those computations are reporred in Missouri Agriculrural Experimenr Station Research Bulletins 
872 and 886. 
"The term shadow price will be used to refer to marginal values obtained from the linear programming cal
culations and marginal value product for those from the functional analysis. 
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TABLE 7-SHADOW PRICES FOR MEDIUM SIZE FARMS 

Labor 

Period Period Period 
3 4 5 Cropland Cash 

Northeast: 
Cash Grain 1. 41 15. 41 .28 
Mixed Livestock 2. 81 2.81 2. 81 5.12 .07 
Beef Cattle 3.68 3.67 3.13 . 07 
Hog 3. 71 3. 71 3.07 . 07 

North Central: 
Cash Grain 19. 67 .34 
Mixed Livestock 19.67 .34 
Beef Cattle .11 7.34 .26 
Hog 1. 96 1 2.12 .24 

Northwest: 
Cash Grain 42. 83 .32 
Mixed Livestock 42. 61 .34 
Beef Cattle 3.43 3.43 33.15 . 07 
Hog 41. 88 .34 

Under the optimal plans, however, the level of efficiency for all farmers 
was assumed to be equal to the top 10 percent of commercial farm operators. 
The scale of operations was considerably larger with the optimal plans, too, be
cause of greatly increased livestock production. Thus the two sets of marginal 
value product computations are not for equivalent situations. Nonetheless the 
comparisons are interesting and the results of the optimality calculations sup
port, to some extent, the conclusions from the functional analysis with respect 
to resource use. These are that labor is in excess supply and that land and capi
tal use could profitably be expanded. Under the optimal plans, livestock opera
tions were expanded and, when permitted, additional land was also purchased 
and/ or rented. 

The computed shadow prices for cropland varied considerably by area and 
by type of farm within areas. They were largest for the northwest area as were 
the marginal value products from the functional analysis. However, the lowest 
shadow prices were for the northeast area compared to the lowest marginal 
values in the north central area. The shadow prices for cropland were higher 
than the marginal values found in this study for the farms in the northwest area 
but generally were lower for the farms in the north central and northeast areas. 
Part of the low shadow prices in those latter areas can be explained by the 
model used for the linear programming calculations since grain acreages were 
limited by allotments and in all cases an additional acre of allotment had a high 
shadow price. Thus part of the earnings of the land was reflected in the shadow 
prices for the allotments. 
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In contrast to land, the shadow prices for labor generally were zero. Labor 
was in excess supply and additional labor could contribute nothing to the profit
ability of the farm operation. In some periods labor was limitational and in 
those cases the shadow price for labor was positive and generally would exceed 
the cost of hiring additional labor at common wage rates for agricultural workers. 
The low marginal values computed for labor at the mean input using the fi.mc
rional analysis were very low and considerably less than typical farm wage rares 
-indicating that labor use was excessive. This agrees with the conclusion from 
the zero shadow price for the total labor supply of the optimal plans. 

A third shadow price from the programming computation which can be 
compared with the marginal values of the functional analysis is for cash (or 
capital). In the programming model this was used for operating expenses, live
stock and feed purchases, and building livesrock facilities. Separate variables for 
equipment, livesrock and crop inventories, and expenses were included in the 
functional analysis. In most cases the marginal values indicated that additional 
amounts of those factors could be employed profitably. The shadow prices for 
capital in the programming solutions also were high enough to justify addition
al investment if the fund s were available. 
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APPENDIX TABLE I 
PRICES USED TO CONVERT PHYSICAL UNITS TO 

DOLLAR VALUES FOR THE MODELS 

Hog Supplement 
Beef Supplement 
Dairy Supplement 
Soybean Oil Meal 
Tankage 
Alfalfa Meal 

Nitrogen Fertilizer 
P205 
K20 
Lime 

Hogs 

~::f ~aiti~~ 
Milk 

Corn 
Soybeans 
Wheat 
Oats 

aBased on a weighted average for all grades and classes. 

$ 5. 79 per cwt. 
4.28 per cwt. 
3.26 per cwt. 
4.39 per cwt. 
5.67 per cwt. 
2. 75 per cwt. 

$ .118 per pound 
. 085 per pound 
.052 per pound 

3.93 per ton 

$15.50 per cwt. 
24.70 per cwt. 
20.00 per cwt. 
4.00 per cwt. 

$ 1. 00 per bushel 
2. 00 per bushel 
1. 70 per bushel 

. 60 per bushel 



APPENDIX TABLE II 
N 

ARITHMETIC MEANS AND STANDARD DEVIATIONS FOR VARIABLES USED 0 

Income($) Land (acres) Purchased L. S. ($) Labor (weeks) 

Std. Std. Std. Std. 
Mean Dev. Mean Dev. Mean Dev. Mean Dev. 

All Farms 12738 12487 205 162 1860 5660 67 28 s;:: 
..... 
(/) 

NE Mo. 13842 13742 229 180 1984 6168 68 33 (/) 

0 
NC Mo. 11087 12197 185 145 878 3008 66 20 c 
NW Mo. 13013 11027 196 151 2634 6722 67 28 ~ 

> 
Cash Grain 10714 8999 244 175 554 2693 66 22 Cl 

;d 

Mixed Livestock 12076 12185 209 179 1730 4549 66 28 n 
Beef 12809 15607 183 139 5256 10539 61 27 c 
Hog 14635 13446 198 146 1187 3178 68 29 

r< 
>-i 

Dairy 13506 9830 181 155 666 2889 80 32 c 
;d 
> r< 
t:d 
::< 
>-(j 

Major Equip, Invest. ($) L. S. & Crop Invent. ($) Feed & Fertilizer Expense m 
;d 
H 

Std. Std. Std. ~ 
m 

Mean Dev . Mean Dev. Mean Dev. .z 
>-i 

All Farms 7364 7555 7095 7701 2000 3155 
(/) 
>-i 
> 
>-i 

NE Mo. 8535 8889 7757 9199 2300 2514 0 
NC Mo. 5924 6207 7939 6611 1721 3911 z 
NW Mo. 7348 6743 5535 6414 1914 3045 

Cash Grain 9375 8391 4517 5364 1300 1662 
Mixed Livestock 6188 6859 6867 5421 1753 2154 
Beef 6270 6014 8888 10510 1656 2155 
Hog 7867 7489 6740 8097 3086 4990 
Dairy 7532 9389 10385 8330 1808 2128 



APPENDIX TABLE III 

GEOMETRIC MEANS 

L.S. 
Land Labor Machinery Crop 
~ x2 x3 x4 

All Farms 155 62 4456 3470 

NE Mo. 170 62 4870 3741 
NC Mo. 138 63 3512 4905 
NW Mo. 152 62 5044 2296 

Cash Grain 195 62 6438 1115 
Mixed Livestock 155 62 3793 4964 
Beef 136 56 3168 4359 
Hog 153 62 5213 3495 
Dairy 134 75 4277 7130 

Feed 
Feed Fert. + 
Fert. Pur. L.S. 

x5 x5 

880 1072 

1283 1812 
598 784 
823 1331 

517 585 
924 1323 
679 1533 

1506 2132 
880 1001 

Gross 
Income 

y 

8708 

9490 
7376 
9228 

7685 
7856 
7685 

10927 
10219 

::u 
t'1 
(/) 

t'1 
> ::,; 
() 

:r: 
to c:: 
r' 
r-' 
t'1 
>-I z 
00 
\0 
~ 

N 
t-' 
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APPENDIX TABLE IV 

DERIVED FUNCTIONS FOR NORTH MISSOURI FARMS 

Y = Gross Income 

~=Land 

x 2 = Labor 

X3 = Machinery Investment 

X4 = Livestock Investment 

x5 = Feed and Fertilizer Expenses 

All Farms 
y = 3 81645 x_ . 41469 x .13348 x .14627 x . 03009 x .16807 

. --i 2 3 4 5 
Northeast Missouri 
y = 3 56041 x_ . 38690 x .16184 x . 09368 x . 04499 x . 24831 

. --i 2 3 4 5 
North Central Missouri 
y = 3 30979 x_ . 28354 x . 20910 x . 20411 x .10201 x .12427 

. --i 2 3 4 5 
Northwest Missouri 
y = 4 33819 x . 55033 x . 04088 x . 07846 x . 00449 x .17196 

. -._ 2 • 3 4 5 
Cash Grain 
y = 2 75166 :x_ . 88353 x- . 06017 x .16703 x . 02761 x . 02011 

. --i 2 3 4 5 
Mixed Livestock 
y = 2 23008 x_ • 36102 x . 36646 x . 63140 x . 05744 x . 26871 

. --i 2 3 4 5 
Beef 
y = 5 01328 X_ . 45394 X- . 07849 X .11974 X-. 03335 X . 20479 

. --i 2 3 4 5 
Hog 
y = 4 54649 x_ . 28471 x . 21013 x . 08801 x . 07029 x .15378 

. --i 2 3 4 5 
Dairy 
y = 3 91437 :x_ .17313 x . 22083 x . 31737 x-. 01421 x .14589 

. -._ 2 3 4 5 
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APPENDIX TABLE V 

DERIVED FUNCTIONS FOR NORTH MISSOURI FARMS 

x5 =Feed, Fertilizer, and Pruchased Livestock Expense 

All Farms 
y = 3 76439 x. . 38163 x .12983 x .13752 x . 03463 x .19731 

. --i 2 3 4 5 
Northeast Missouri 
Y= 3 . 36987 ~ .31763 X2 .17062 ~ .14709 X4 .05318 XS .23547 

North Central Missouri 
Y= 370416 x_.26498x .10226x .17312x .10301x .17693 

. --i 2 3 4 5 
Northwest Missouri 
y = 4 25785 x_ . 52207 x . 06774 x . 05751 x . 00245 x . 20301 

. --i 2 3 4 5 
Cash Grain 
y = 2 76282 x. . 88129 x-. 05853 x .16469 x . 02696 x . 02271 

. --i 2 3 4 5 
Mixed Livestock 
y- 2 19364 x_ . 32952 x . 30831 x . 07922 x .12197 x . 29928 

- . --i 2 3 4 5 
Beef 
y- 4 67888 x_ . 26813 x- . 09149 x . 12058 x . 06807 x . 24231 

- . --i 2 3 4 5 
Hog 
y = 4. 20855 ~ .15532 x 2 .12756 ~ . 06459 x 4 . 08726 x 5 . 32839 

Dairy 
y _ 3 94978 x_ .17316 x .19727 x . 31998 x- . 01242 x .14729 

- . --i 2 3 4 5 

23 
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