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AGRICULTURAL ECONOMICS RESEARCH 	 Vol. 20, No. 2, APRIL 1968 • 
The Relationship of Wheat Planted 

to Wheat Allotments in the Great Plains 

By Thomas A. Miller 

DURING THE past 6 years, U.S. July 1 wheat 
carryovers have been reduced from a 1961 

high of 1,411 million bushels to an estimated 
426 million bushels on July 1, 1967. In addition, 
the farm price for 1966 crop wheat was $1.63 
per bushel, 38 cents over the U.S. Government 
support rate. This was the first time in recent 
history that the market price for wheat differed 
substantially from the support price. Both the 
reduction in carryover and the behavior of the 
market price indicate that the current U.S. 
wheat situation is one in which supply and de-
mand are more nearly in balance than they have 
been for over a decade. Against this background, 

•
gricultural policymakers face the annual task 

of setting U.S. wheat allotments. Given the 
desire to maintain a small, economical, but 
adequate carryover and some degree of price 
stability, the wheat allotment level is the key 
variable controlled by policymakers. The cur-
rent wheat situation suggests that the specific 
level at which allotments are set is more criti-
cal now than at any time in the recent past. 

This article attempts to provide some insight 
into the relationship between wheat allotments 
and wheat planted under the current U.S. Gov-
ernment wheat program. It is not meant to 
imply that the relationship of wheat allotments 
and wheat planted is the only problem en-
countered in setting allotments to maintain a 
balance of supply and demand. Yield variation 
for a given planted acreage and changes in 
expected export and domestic demands after 
allotments are determined increase the diffi-
culty of accurate determination of allotments. 
However, increased knowledge of the relation-
ship between allotments and wheat planted should 
be quite helpful in the determination of future 
U.S. wheat allotment levels. 

The amount of wheat planted deviates from 
allotment levels for several reasons. For ex-
ample, under the voluntary wheat program now 
in effect (Food and Agriculture Act of 1965), 
producers have several alternatives after their 
wheat allotment has been set. These alternatives 
may be summarized as (1) participating in the 
program and producing wheat on all of the 
allotted acres, (2) participating in the program 
and producing less wheat than the allotted acres 
permit, (3) participating in the program and 
raising up to 150 percent of the allotment, the 
excess wheat being stored for later sale, 
(4) participating in both the wheat and feed grain 
programs, and substituting wheat for feed grains 
or feed grains for wheat, and (5) not participating 
in the program and producing the amount of wheat 
dictated by the production possibilities on the 
farm involved. Participation in the current 
wheat program earns food wheat certificate pay-
ments for the farmer and makes him eligible 
for price support loans on the wheat produced.1  
Nonparticipation allows the farmer to raise any 
amount of wheat to be sold at the existing market 
price. This voluntary wheat program has re-
sulted in a somewhat loose relationship between 
wheat allotments and wheat planted. 

Another source of deviation arises from the 
difficulty farmers often encounter in carrying 
out their intentions. Extremely wet or dry 
conditions at planting time will often prevent 
farmers from planting intended acreages. Thus, 
farmers who intend to plant wheat acreages 
equal to their respective allotments are often 
unable to do so. This problem is important to 

1  The participating farmer is also eligible for diver-
sion payments during years when the wheat program 
offers a diversion option. 

57 • 



some extent in both arid and humid wheat 
producing regions and tends to lower the corre-
lation between wheat allotment levels and wheat 
planted. 

Technique of Analysis 

A statistical model was used to estimate the 
relationship of wheat planted to wheat allotments 
in a major U.S. wheat producing region. This 
estimated relationship was in turn used to 
predict future wheat plantings for the region 
as a function of assumed allotment levels. The 
central part of the Great Plains was chosen 
for analysis. Confining the statistical analysis 
to such a region was desirable both because of 
the amount of data to be accumulated and be-
cause of the exploratory nature of the analysis. 
The importance of the defined region to the total 
wheat situation is illustrated by the fact that in 
1965, the 27.4 million acres of wheat planted in 
this region made up 47.8 percent of the total 
U.S. wheat acreage. 

Since different areas within the Plains vary 
greatly in their reaction to changes in allotment 
levels, the region was stratified into 10 smaller 
areas for the analysis. Figure 1 shows the 10 

Figure 1.--Location of the 10 wheat-producing subareas 
of the Great Plains. 

58 

areas that were delineated. The boundaries of 
these areas were originally specified by t 
Production and Resource Response Group, Pr. 
duction Adjustments Branch, Farm Production 
Economics Division, ERS, for use in their re-
gional linear programming work. Different crop-
land adjustment opportunities are present in dif-
ferent geographical areas. Since the response of 
wheat acreage to allotments is a function of over-
all adjustment opportunities, these areas provide 
a logical stratification for the present analysis. 

The model formulated to explain the relation 
between wheat planted and wheat allotment was: 

(1) 	Y1J  .•=b.+b.X.. +b.X.+ e.. 11 	21 21 j 	31 Si 	1 

for i = I, II, 	 X areas and 
j = 1958, 1959, 	 1967 years 

where Yij  = total acres of wheat planted in thou-
sands in ith area in jth year. For 
1967, Yij  was estimated by farmer's 
March 1 planting intentions. 

X21J total acres of wheat allotment in 
thousands in ith area in jth year.2  

X3j = a dummy variable to recognize re-
moval of the marketing quota penalt 
in 1964 for noncompliance with allot-
ments. X3i  was zero for j = 1958 to 
1963 and one for j = 1964 to 1967.3  

e.. 1J = error in the ith area and the jth 
year. 

2  Wheat allotment figures published by USDA's Agri-
cultural Stabilization and Conservation Service for 
1962 are equivalent to a 55-million acre national 
allotment. However, a mandatory diversion require-
ment of 10 percent existed for farmers participating 
in the program in 1962 and rather severe penalties 
existed for those not participating. These require-
ments resulted in what may be called an "effective 
allotment" of 90 percent of the published figure for 
1962. X20 was adjusted accordingly to make this allot-
ment more comparable with allotments of other years. 
Minimum diversion was also required for participation 
in 1964, 1965, and 1966, but it was reflected in the pub-
lished allotment figures during these years. 

3  For 1964, the marketing quota penalty was removed, 
but the provision was continued that any farmer who 
exceeded his allotment would lose allotment history in 
computing future allotments. This provision apparently 
deterred plantings to some extent in 1964. Beginning 
with 1965 this penalty was also terminated. However, 
inspection of the 1964 data suggested that X3i = 1 better 
portrayed the situation in that year than did X3i = 0. 	• 



The Yij and X 21i variables of equation (1) are 

eelf-explanatory. X sj was included to measure 
he shift in the relationship between Yij and 

X21i resulting from removal of the noncompli-
ance penalty in 1964. This effect may be thought 
of simply as a shift in the intercept--from 1958 
to 1963 the intercept was bid and for 1964 to 
1967 the intercept was b11  + b3i. The error 
term, eij, includes variation due to (1) the 
factors discussed in the first section of this 
article and (2) other unidentified independent 
variables that affect Yij . 

Equation (1) differs from more conventional 
regression equations that have been used to 
explain crop acres in that it does not include 
price as an independent variable. In addition, 
logic would suggest that other factors such as 
the loan level for wheat, incentives to divert 
additional acres, the opportunities for substitu-
tion between wheat and feed grains, and pro-
spective returns from competing crops would 
also affect the acreage of wheat planted. How-
ever, a preliminary analysis revealed that a 
variable representing the ratio of average price 
received by farmers to loan level did not im-
prove the reliability of the estimates. A variable 
recognizing the voluntary wheat diversion pro-

*gram available from 1962 to 1966 was also 
included at a preliminary stage of the analysis. 
However, it was finally omitted because of the 

high negative correlation between the voluntary 
diversion program and allotment acres. This 
correlation essentially negated the validity of 
the b 2i estimates when both allotment and diver-
sion variables were included in the regression 
equation and as a result rendered the equation 
useless for the intended purpose. Thus, although 
equation (1) appears to be an oversimplification 
of a rather complex phenomenon, it was chosen 
only after several more sophisticated approaches 
failed to improve the results. 

The parameters of equation (1) were estimated 
using time series data and the prediction 
equations 

(2) Yij = bii + b2i X2i j 	b3i X3J 

were in turn used to estimate wheat plantings 
for each of the 10 areas as a function of 
assumed wheat allotments. The final estimate 
desired was the prediction for the entire Great 
Plains region, 

(3) Y = 	1J •  

Results of Analysis 

Parameters of the model were estimated 
using the principle of least squares. The esti-
mated regression coefficients and the associated 
standard errors are presented in table 1. The 

Table 1.--Estimated regression coefficients and standard errors 

... 

Standard errors 

2 

Standard 
error of 
estimate 

Area i b
li b21 b31 s b2i 

s
b3 i 

R 
se. i 

I 	 204.2 0.7129** 120.5 .2513 73.6 0.59** 113.8 
II 	 557.6 0.7013*** 368.4*** .1996 103.1 0.78*** 159.6 
III 	 19.3 0.8817*** 231.0*** .2621 59.6 0.81*** 91.7 
IV 	 292.1 0.6362* 68.1 .3070 73.9 0.42 114.5 
V 	 -100.7 0.9899** 37.6 .3431 40.4 0.57* 62.5 
VI 	 121.8 0.4883 8.7 .3474 24.0 0.23 37.2 
VII 	 155.8 0.8979** 56.2 .2698 34.2 0.65** 52.7 
VIII 	 1,767.8 0.8108*** 986.5*** .1007 139.5 0.94*** 214. .  
IX 	 1,255.4 0.7104*** 160.8** .0798 62.0 0.93*** 96.0 
X 	 295.1 0.9178*** 550.5*** .2174 157.4 0.81*** 243.9 

***Significant at 0.01 level. 
**Significant at 0.05 level. 
*Significant at 0.1 level. 
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coefficients of determination, R2 , ranged from 
0.23 in area VI to 0.94 in area VIII. These co-
efficients indicate that from 23 to 94 percent of 
the variation in planted acres of wheat was ac-
counted for by the regression equations in the 
respective areas. In 8 of the 10 areas, the R2  
values indicate that the regression equations 
were significant at least at the 0.10 level. In 
areas IV and VI, the R2  values indicate sig-
nificance of about the 0.20 and 0.30 levels 
respectively.  

The estimates of b21 ranged from 0.4883 in 
area VI to 0.9899 in area V and were significant 
at the 0.1 level or better except in area VI. 
These coefficients indicate that a 1-acre change 
in wheat allotment will, for example in area V, 
be accompanied on the average by a 0.9899-acre 
change in the same direction in the planted 
acreage of wheat. The estimates of b31  were 
significantly different from zero at the 0.10 or 
higher level in 5 of the 10 areas. These coeffi-
cients measure the effect of the 1964 removal 
of the penalty for noncompliance with allotments. 
For example in area II, removal of the penalty 
was accompanied by a 368,400-acre increase in 
the acres of wheat planted after the effects of 
changes in allotments were accounted for. 

The regression equation explained only 23 
percent of the variation in the acres of wheat 
planted in area VI. This area borders the Corn 
Belt in eastern South Dakota. Wheat is relatively 
unimportant in this area, which includes only 
1.5 percent of the total wheat allotment of the 

Great Plains. It is hypothesized that the com-
petitiveness of alternative crops with wheat 
this area makes wheat planting decisions mor 
complex than in the other areas. Nevertheless, 
the estimated regression equation for area VI 
was accepted considering the minor influence of 
the area on the desired regional total estimate, Y. 

As with the remaining columns in table 1, 
comparisons of the bsi  regression coefficients 
among areas are difficult because of the wide 
differences in the acres of wheat in the different 
areas. In table 2, these coefficients have been 
"normalized" by dividing each by the average 
number of acres of wheat planted for the 10-year 
period and expressing the result as a percentage. 
In this table, area I shows an 8.0-percent in-
crease in average wheat acreage due to the 
removal of the noncompliance penalty. Per-
centage increases in other areas ranged from 
2.7 in area VI to 18.0 in area III. 

The last column of table 2 expresses the 
standard error of the estimate as a percentage 
of the average acres of wheat planted. These 
values indicate the magnitude of differences 
between the estimated regression lines and the 
actual acres of wheat planted. For example in 
area I, the interpretation would be that about 
two-thirds of the observed Y. • values fell withir. 
a range of plus or minus 7.6 percent around the 
computed regression line. 

Table 3 presents predicted planted acres of 
wheat for 1967 and 1968 along with the respec-
tive wheat allotments and, for 1967, the actual 

Table 2.--Estimated regression coefficients and standard errors 
as a percentage of average acres of wheat planted, Yi  

Area i 
bli b3i sb3i 

se. 1  

Percent Percent Percent Percent 

I 	  13.6 8.0 4.9 7.6 
II 	 19.5 12.9 3.6 5.6 
III 	 1.5 18.0 4.6 7.1 
IV 	 23.9 5.6 6.1 9.4 
V 	  -17.0 6.4 6.8 10.6 
VI 	 37.4 2.7 7.4 11.4 
VII 	 18.1 6.5 4.0 6.1 
VIII 	 20.1 11.2 1.6 2.4 
IX 	 27.2 3.5 1.3 2.1 
X 	  6.5 12.2 3.5 5.4 • 60 



Table 3.--Wheat allotments and predicted plantings for Great Plains areas, i 17 and 1968 

• 	 

  

1967 1968 

   

Area 

Allotment Predicted Actual Allotment Predicted 

1,000 
acres 

1,000 
acres 

1,000 
acres 

1,000 
acres 

1,000 
acres 

I 	  2,115.3 1,832.7 1,783.4 1,839.3 1,635.9 

II 	 3,724.6 3,538.1 3,584.6 3,240.0 3,198.2 

III 	 1,634.6 1,691.5 1,668.9 1,423.5 1,505.4 

IV 	 1,719.9 1,454.4 1,402.5 1,496.4 1,312.2 

V 	 834.0 762.5 730.8 725.6 655.2 

VI 	 496.3 372.8 350.4 431.6 341.3 

VII 	 907.1 1,026.5 1,004.9 790.3 921.6 

VIII 	 9,774.1 10,679.1 10,668.5 8,502.8 9,648.4 

IX 	 5,630.4 5,416.0 5,389.4 4,900.0 4,897.2 

X 	 5,265.7 5,678.5 5,629.4 4,574.5 5,044.1 

Total 	 32,102.0 32,452.1 32,212.8 27,924.0 29,159.5 

acres of wheat planted.4  The predicted planted 
acres for each area were computed using 
equation (2) and the estimated parameters of 
table 1 along with the actual wheat allotment for 
the respective area and year. The value of 

Illi
3j was one for both 1967 and 1968 since the 

penalty for noncompliance was not in effect. The 
desired Y values were determined using equa-
tion (3) and are found at the bottom of table 3 in 
columns 3 and 6. For the defined Great Plains 
region, the 1967 wheat allotment of 32,102,000 
acres would be expected to result in 32,452,100 
acres of wheat planted. The actual 1967 planted 
acreage of wheat as indicated by farmers' 
March 1 planting intentions was 32,212,800 
acres, an error of 239,300 acres. For 1968, 
the smaller regional wheat allotment of 
27,924,000 acres would be expected to result in 
29,159,500 acres of wheat planted. Comparable 
U.S. wheat allotments for these 2 years were 
68.2 million acres and 59.3 million acres 
respectively. 

4  For 1967, total wheat planted exceeded the total 
regional wheat allotment and some areas had wheat 
acreages considerably in excess of allotments. Such 
overplanting of wheat allotments does not in itself 
suggest noncompliance. Wheat abandonment rates due 
to winterkilling and other factors range up to 50 percent 
in some years in the Great Plains. Hence farmers may 
initially overplant and plan on abandonment and, if 
necessary, intentionally destroy wheat acreage to comply 

• ith allotments. 

The standard error of the regional estimate, 
Y, may be estimated as 

se  = \if sei2  = 427.6 

using the data from the last column of table 1. 
Converting to the equivalent form of table 2, 

Z Yi 	
0.016 016 • 

•  
This estimate suggests that two-thirds of the Y 
estimates will be within approximately 1.6 
percent of the actual regional total, Y.5  This 
standard error of approximately 1.6 percent is 
consistent with a comparison of the 1967 pre-
diction with actual 1967 plantings, or more 
accurately, farmers' 1967 (March 1) intentions 
to plant. For the Great Plains region, the 1967 
prediction was 239,300 acres or about 0.7 per-
cent above the actual 1967 planted acreage. 

Table 3 furnishes information which may be 
used in a shortcut prediction equation as long 
as the relative distribution of wheat allotment 

5  This procedure is an approximation, As it is based 
on values of independent variables that are different 
from their respective means, it ignores the finite 
correction terms and adjustments for the prediction. 
Both these adjustments would tend to increase the 
estimated error of Y by a small amount, 
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among the 10 areas is the same as it was 
during 1967 and 1968. Under these conditions, 

(4) = 1;1 + b2 I X21i 	Ib3i. X3 

may be used instead of equation (2). For equa-
tion (4), a weighted average regression coeffi-
cient for the Great Plains, b2 , may be computed 
as the 1967 to 1968 decrease in predicted wheat 
plantings of 3,292,600 acres divided by the 1967 
to 1968 decrease in wheat allotment of 4,178,000 
acres. The ratio of these, 

3,292.6 
0.78808 = b2 4,178.0 

is a weighted average coefficient for the total 
area. This value suggests that for a 1-acre 
change in wheat allotments, and given the 
1967-68 distribution of wheat allotments, wheat 
plantings in the Great Plains will change in the 
same direction by 0.78808 acre. The Z b . in 

equation (4) is the sum of column 4 of table 1 or 
2,588,300 acres, the total additional wheat 
plantings in the Great Plains that accompanied 
removal of the noncompliance penalty in 1964. 
The intercept b1  may be estimated using the 
conventional procedure, 

bl = Y - b2  ZX2i - 	X3  = 4,564.9 . 

The complete shortcut predictive equation for 
the Great Plains then becomes 

(5) Y = 4,564.9 + 0.78808 I X21  + 2,588.3 X3  
1 

where X3  equals zero when the noncompliance 
penalty is in effect and equals one when the 
penalty is not in effect, as in 1968. 

For 1967 and 1968, equation (5) yields the 
same results as equations (2) and (3) because 
the equation (5) parameters were estimated 
using the 1967-68 distribution of wheat allot-
ments among the 10 areas as weights. Since the 
relative distribution of allotments among areas 
does change slowly over time, equation (4) and 
(5) should be used with care. Greater accuracy 
would generally dictate the use of equations (2) 
and (3) for other years. 

Several limitations to this analysis should be 
mentioned. In some areas, the coefficients oak 
determination, R2 , suggest a sizable amount of1111, 
still unexplained variation in the acres of wheat 
planted. The unexplained variation ranges from 
77 percent down to a more reasonable 6 percent 
and is due to (1) random and unrelated occur-
rences, such as weather at planting time, and 
(2) unidentified independent variables not con-
sidered in the regression, such as the prices of 
other crops and Government farm programs for 
other commodities. Statistics texts warn about 
the pitfalls of speculating about cause and effect 
for relations with a low R2. Nevertheless, the 
two areas with the lowest R2  values, IV and VI, 
have estimated regression coefficients that have 
the correct signs and generally agree with 
a priori knowledge of these coefficients. 

The search for yet unidentified independent 
variables involves several problems. A quick 
review of the residuals from regression for all 
areas and years suggests no one independent 
variable is important in all areas in explaining 
the remaining variation. In addition, many 
hypothesized independent variables are so highly 
correlated with each other that they do not behave 
sensibly when included in the same regression • equations. This problem is made acute by the 
rather short period of data involved. To be use-
ful as a predictive tool, the independent varia-
bles must also either lead wheat plantings or be 
capable of being estimated accurately in advance. 
Identification of such variables is not easy. 

Finally, the analysis of this paper was rather 
limited in geographical scope. Expansion of the 
analysis to additional wheat producing areas 
should both increase knowledge about wheat 
acreage-wheat allotment relations in different 
areas and improve the value of the final 
estimates. 

Implications 

The technique used in this analysis provides 
a reasonably accurate method for estimating 
the acres of wheat planted in the Great Plains 
as a function of acreage allotments. The standard 
error of the regional estimate was estimated to 
be in the neighborhood of 2 percent of the true 
acreage of wheat planted. 
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For 1968, the U.S. wheat allotment was de- 

Sreased from 68.2 million acres to 59.3 million 
cres, a reduction of 13.05 percent. This analysis 

has suggested that the acres of wheat planted 
in the Great Plains will decrease by 3.29 million 
acres or about 10.1 percent as a result of this 
change in allotments. 

For the 1967-68 distribution of allotments 
among areas, and assuming no major changes 
in farm programs, the wheat plantings in the 
Great Plains change about 0.788 acre for each 
1-acre change in allotments. This finding should 
furnish policymakers with useful foresight in 

making year to year adjustments in U.S. wheat 
allotments to balance supply and anticipated 
demands. 

The scope of this paper is rather limited. The 
technique, however, shows promise. It is entirely 
possible that the current standard errors could 
be reduced through inclusion of yet unidentified 
independent variables. This additional accuracy, 
accompanied by expansion of the analysis to 
cover additional wheat producing regions, should 
provide a technique of analysis that can be 
efficient and timely and at the same time useful 
to policymakers. 
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