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Introduction

Starting around Memorial Day, the USDA collects weekly crop conditions. These estimates continue until
harvest. The crop is rated as either: very poor, poor, fair, good, or excellent. These estimates are reported
on Monday afternoons based on reports collected from the prior weekend. With only a few days between
reporting and publication, this data is some of the most current data available from the USDA. As of 2022,
the USDA was collecting crop conditions from 43 states. There are crop condition reports going back to
1986.

With such a large and timely dataset of information, it seems natural to try and predict final yields based
on the crop condition reports. Some work has already examined this possibility as detailed below. This
article builds on that work to estimate final corn production from the top 18 corn producing states in the
U.S. According to the USDA, these 18 states planted 92% of the 2021 corn acreage. The results include
the expected corn production from each state as well as the confidence interval for that estimate. To
produce an estimate of corn production, both expected yields and harvested acres are estimated. The
model presented here is unique as a national corn estimate is based on predicting each state’s corn
acres and yield per acre from a 30-year timeline of data from a specific week during the year. The
individual state estimates are then combined into a national estimate.

Background

Bain and Fortenbery (2013) have a model that is the basis for the yield predictions in this paper. Their
model used an index of crop condition reports to estimate crop yields. The index is constructed by a
weighted average of the crop conditions where each crop condition has a point value. Ibendahl (2022)
used the Bain and Fortenbery model to estimate wheat yields during each week of the 2022 wheat
growing season. His estimates tracked closely to the NASS estimate and the Wheat Quality Council
estimate.

Irwin and Good (2017) examined the accuracy of models that estimate yields based on crop conditions.
Their yield estimation model used the percent of corn in the good and excellent categories as a predictor
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of final yield. Irwin and Good found the crop condition model works well for predicting yields during the
latter part of the growing season. However, the very early reports have low predictive power. Ibendahl
found the same issue with his model as the very early wheat prediction models have low R-squared
values.

Procedure

The Bain and Fortenbery model uses all five of the crop condition values in the construction of an index
(CCindex).

CClindex = (% acreage Excellent) * 1 +
(% acreage Good) * 0.75 +
(% acreage Fair) * 0.50 +
(% acreage Poor) * 0.25 +
(% acreage Very poor) * 0

Because the crop conditions are mutually exclusive, the sum of the percent of acres across the five
categories must total to 100 percent. Thus, possible index values range from 100 (if all the crop acres are
excellent) down to O (if all the crop acres are very poor). A value of 50 would indicate the average crop
condition for the state is in fair condition. The USDA provides data at the state level but not at the crop
reporting district level.

In this analysis, the crop condition report for a specific week are used to construct a CCl index for the last
30 years. The USDA labels the estimate from 7/17/22 as the week #28 estimate of crop conditions. In the
model, the crop conditions for week #28 for the last 30 years are the basis of the yearly CCIndexes.
These CClindexes are then used in a regression analysis to estimate the deviation from trend line corn
yield. Each state is estimated individually and the yield per acre confidence interval for each state is also
calculated. Because the yield estimate is based on a specific week, the model has to be rerun for each
week of the growing season. That is, an analysis of the crop growing conditions next week will produce a
different set of parameters than the current week as the CCindex changes from week to week for both the
current and historical years.

To estimate corn production in each state, an estimate is needed of the harvested acres as well. In this
analysis, the percentage of corn in the very poor category is used to estimate the percent of corn acres
from the June crop report that are harvested. This harvested acre estimate is calculated for each state
every week to match the estimate yield per acre. Like the crop conditions, the corn in the very poor
category for week #29 from the last 30 years is used in the regression analysis of acreage prediction. The
acreage part of the model produces an estimate of the percentage of USDA June crop acres that are
harvested. Ibendahl found this metric worked well for estimating harvested wheat acres in Kansas where
very poor wheat would often be torn up and planted into a spring crop.

Results

Figure 1 is a Likert graph of the corn crop conditions for the last 20 years in the U.S. (The USDA provides
a U.S. number in addition to the individual state numbers). The Likert graph is centered on the fair
category to make comparisons among years easier. The number along the left-hand-side of the figure is
the total of the very poor and poor categories while the number along the right-hand-side is the total of the
good and excellent categories. As can be seen, from a U.S. perspective, the state differences tend to
balance themselves out which results in many years looking similar. 2012 is the obvious outlier in the
group with 45% of the corn in the poor and very poor categories. The current 14% of this year’s corn in
the poor and very poor categories appears to be about average.
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Figure 1. Historical Corn Crop Conditions for U.S. Corn
= 7117122 (Week 28)
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Table 1 shows the estimated yield per harvested acre prediction along with the confidence intervals for
each state as of 7/24/22 (week 29). Because this estimate is based on 30 years of observations from
week 29, the R-squared values are lower than they will be later on in the year. A lot can happen to either
increase or decrease corn yields at this point and the model reflects that variability of final yield.
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Table 1. Estimated Yield per Harvest Acre for 18 States
as of 7/24/22

Corn Yields per Acre by State - 7/24/22

Bushels per harvested acre

2022 prediction
Last Lower Upper
State year Cl Predicted Cl R squared
Colorado 129.0 126.8 133.5 140.2 -0.03
lllinois 202.0 196.9 200.8 204.7 0.70
Indiana 195.0 169.0 1729 176.8 0.75
lowa 205.0 203.2 207.7 2122 0.53
Kansas 139.0 110.2 1159 1215 0.60
Kentucky 192.0 128.8 138.3 147.8 0.72
Michigan 174.0 167.6 170.2 1728 0.51
Minnesota 178.0 189.1 1929 196.7 0.55
Missouri 160.0 150.6 1546 158.5 0.78
Nebraska 194.0 179.9 183.3 186.7 0.68
North_Carolina 149.0 107.9 1126 117.2 0.79
North_Dakota  105.0 143.1 149.3 1555 0.21
Ohio 193.0 1733 177.3 1813 0.60
Pennsylvania 169.0 152.6 156.5 160.4 0.61
South_Dakota  135.0 155.8 159.4 163.0 0.54
Tennessee 170.0 1244 1345 1446 0.72
Texas 128.0 1141 1189 1238 0.62
Wisconsin 180.0 1779 181.3 184.7 0.52
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Table 2 shows the estimated harvested acres for each state using the percent of corn in the very poor
category as of week 29. Like the yield prediction, the harvested acre prediction is based on the last 30
years of data using June reported acres to predict harvested acres. This part of the model doesn't fit as
well as most corn acres will be harvest in the main corn belt. It is the less productive corn states and
states with beef production where harvested acres can vary. In Kansas for example, more corn may end
up as silage in lower yielding years.
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Table 2. Estimated Harvested Acres for 15 States as of 7/24/22

Corn Harvested Acres by State - 7/24/22

State
Colorado
lllinois

Indiana

lowa

Kansas
Kentucky
Michigan
Minnesota
Missouri
Nebraska
North_Carolina
North_Dakota
Ohio
Pennsylvania
South_Dakota
Tennessee
Texas

Wisconsin

Total —

Last
year

1,150
10,850
5,270
12,450
5,400
1,440
1,990
7,840
3,430
9,560
905
3,630
3,340
990
5,480
960
1,850
3,040

79,575

1,000 acres
Planted June
acres  acres
1,480 1,210
10,700 10,450
5,100 4,950
12,700 12,250
5,400 5,050
1,500 1,390
2,250 1,890
8,300 7,800
3,600 3,430
9,700 9,400
890 840
3,000 2,750
3,400 3,170
1,230 885
5,900 5,400
970 920
2,300 1,900
4,000 3,000

82,420 76,685 74,158

2022 harvest estimate

Lower
Ci

1,203
10,305
4,867
12,092
4,641
1,355
1,817
7,652
3,340
9,008
774
2,422
3,076
888
5,095
906
1,822
2,896

Predicted
1,241
10,384
4,915
12,185
4,813
1,372
1,856
7,753
3,401
9,154
808
2,625
3,137
913
5,273
975
1,879
2,976

75,658 77,158

Upper
Cl

1,279
10,462
4,962
12,278
4,984
1,390
1,895
7,855
3,461
9,300
842
2,828
3,199
937
5,452
1,044
1,936
3,055
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The current harvested acre estimate is for 75.658 million acres from the 18 biggest corn states with a
range from 74.158 to 77.158 million acres. A harvest of 75.658 million acres would represent a 4.92%

decline from last year.

Table 3 shows the estimated corn production by state and is produced by multiplying Table 1 and Table 2
together. The current estimate is for 13.310 billion corn bushels from the 18 biggest corn states with a

range of 12.751 billion to 13.883 billion corn bushels. Corn production of 13.310 billion bushels from these
18 states would represent a 5.65% decline in corn production from last year.
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Table 3. Estimated Corn Production for 18 States as of 7/24/22

Total Corn Production by State - 7/24/22

State
Colorado
lllinois

Indiana

lowa

Kansas
Kentucky
Michigan
Minnesota
Missouri
Nebraska
North_Carolina
North_Dakota
Ohio
Pennsylvania
South_Dakota
Tennessee
Texas

Wisconsin

Total —

1,000,000 bushels
2022 prediction
Last Lower Upper
year Cl Predicted Cl
148 152 166 179
2,192 2,030 2,085 2,141
1,028 823 850 877
2,552 2,457 2,531 2,605
751 512 558 606
276 175 190 205
346 305 316 327
1,396 1,447 1,496 1,545
549 503 526 549
1,855 1,620 1,678 1,736
135 83 91 99
381 347 392 440
645 533 556 580
167 135 143 150
740 794 840 889
163 113 131 151
237 208 224 240
547 515 539 564
14,107 12,751 13,310 13,883
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Table 4 projects the 18 leading corn states acres and production into a national total for acres and
production. To get the national totals, the acres and corn production from the 18 major corn states are
compared to the harvested acres and production from those same 18 states last year. These percentage
changes are then used to adjust the national harvested acres and production from last year. These
national projections thus assume that the same changes in the 18 major corn states apply to the other

corn states.
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Table 4. National Projections for Corn Acres, Yields,
and Total Production

A I
Model (est acre) ctusl Ane
acres
Low 79,575
Acres Expected 81,185 81,940
(1,000 ac) |- Pe€ . :
H|§h 82,794
Low 171.7
Yield/ac Expected 175.7 175.7
High 179.7
Production |Low 13,662
(1,000,000 |Expected 14,261 14,394
bu) High 14,875
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Because the yield per acre from the individual states can’t be summed together, the shown yield per acre
is calculated from the total production divided by the total harvested acres. As the table indicates, total
production is expected to be 14.261 billion bushels with a range from 13.662 to 14.875 billion bushels.
Harvest acres are expected to be 81.185 million acres with a range from 79.575 to 82.794 million acres.
These numbers are all calculated using estimated harvested acres as a function of the June acres.

The last column in Table 4 has the actual June acre numbers from the USDA. This number (81.940
million acres) assumes harvested acres equal the June estimated acres. If the USDA June acreage
numbers from the 18 corn states were adjusted to a national June number using the procedure described
above, the national June corn estimated acres would be 82.287 million acres. Thus, the USDA is
projecting the 10% of corn acres not in the 18 major corn states to decline more than the major corn
states.

Figure 2 shows how the model prediction has changed during the growing season. As noted by Irwin and
Good, the earliest estimates probably tend to overestimate yields. The current year estimates would
reflect that tendency. Also, the earliest estimates tend to have lower R-squared values which results in
larger confidence intervals. This again can be seen in the figure as the two dotted lines (upper and lower
confidence limits) become closer together. The estimates shown switch from using planted acres to
model production to using the June crop report once that became available.
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Figure 2. Weekly Corn Production Estimates

Expected Corn Production for 18 States by Date of Estimation
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Other Points

The model based on the last 30 years doesn’t have too many bad years that become part of the
estimation (2012 being the exception). As a result, the model is likely to overestimate the predicted
production in a really bad year. Ibendahl tested this idea and estimated 2012 production based on the 30
years previous to 2012. The model for mid-July gave an estimate that was above the final production for
2012 but the final yield was just slightly below the lower confidence interval.
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