








1963, 1969, 1970, 1985, 1986, and 1988). This type of model was considered best for
this investigation because it captured the effects of both weather and technology, while
models based on physiological and biological properties typically exclude technology and
are highly complex (Kauffman and Snell 1997). Corn and soybean yields, monthly
temperature, and monthly precipitation observations were collected over 1960 through
2006 for Illinois, Indiana, and lowa to estimate the regression models. 1960 was used as
the beginning year because it coincided with a marked increase in nitrogen fertilizer
application and was supported by previous studies of Corn Belt yields (Thompson 1969,
1975, 1985, 1986, and 1988; Garcia, et. al 1987).

Analysis of the data showed that state-level monthly precipitation in Illinois,
Indiana, and lowa over 1960 through 2006 was similar, though pre-season precipitation
was notably lower in lowa. Monthly temperatures averaged the warmest in Illinois,
followed by lowa and Indiana, respectively. Observations of monthly weather were a
poor indicator of weather in other months, though correlations of in-state precipitation
and temperatures showed that they tended to move in opposite directions in May and
June, and especially in July. This indicated that cool-wet and warm-dry scenarios
occasionally occurred in tandem. Additionally, monthly weather across Illinois, Indiana,
and lowa tended to deviate from average in the same direction during the growing
season, which indicated that similar weather patterns often affected all three states.
Precipitation and temperature observations did not increase or decrease significantly over
the sample, which was not necessarily inconsistent with the possible effects of global
warming at the state level. Otherwise, corn yields in lowa increased at the fastest rate

over 1960 through 2006, while soybean yield increases were similar across states.
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Modifications to the original model developed by Thompson (1963) were made
because of a steady shift to earlier planting since 1960 and patterns in scatter plots of
weather and yield observations. A linear form was used to represent technology because
it was shown to be the best representation of trend yields over 1960 through 2006. The
models explained at least 94% and 89% of the variation in corn and soybean yields for
each state, respectively. Diagnostic tests of each model generally failed to show
significant levels of autocorrelation, heteroskedasticity, and mis-specification.
Multicollinearity was not a notable issue because in-state correlations of weather
variables were much lower than the 0.80 collinearity threshold defined by Gujarati
(2003).

Corn yields were primarily determined by technology, the magnitude of
precipitation in June and July, and the magnitude of temperature in July and August.
Soybean yields were primarily determined by technology, precipitation during June
through August (especially August), and temperature in July and August. Above-average
precipitation and below-average temperature during the key growing months would be
expected to lead to highest yields. For example, 1.93 inches more precipitation than
average in July for Illinois was optimal to maximize corn yields and would be expected
to increase yields by six bushels per acre more than if average weather occurred.
Similarly, 1.93 inches more than average precipitation in August was optimal to
maximize soybean yields and would be expected to increase yields by one bushel per
acre. The coolest August (8°F cooler than average) would be expected to increase corn
and soybean yields in Illinois by up to 23 and 5 bushels per acre, respectively. However,

precipitation was more important to corn and soybean yields and unfavorable weather
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decreased yields to a much larger degree than favorable weather increased yields. Using
the same examples, 1.93 inches less than average in July for Illinois would be expected to
decrease corn yields by 22 bushels per acre more than if average weather occurred. 1.93
inches less than average in August would be expected to reduce Illinois soybean yields by
three bushels per acre.

While models generally estimated yields well, they performed poorly during years
in which insects, diseases, or unusual weather occurred. Models also estimated yields
poorly during years in which monthly weather cumulatively deviated in the same
direction from average. Coefficients of the models were used to show that average
weather would be expected to lead to yields that are higher than the unadjusted trend.
This provided evidence that unfavorable weather shifted the unadjusted trend downward
and flattened its slope. In-sample yield estimates over 1960 through 2006 were used to
develop weather indexes to determine the favorability of weather over the sample.
Results indicated that 1983 and 1988 were the worst weather years for corn and soybeans
in Hllinois and Indiana, though 1993 was the worst for each crop in lowa. Weather since
the mid-1990s was generally benign — especially as it related to lowa corn yields.

Comparisons of regression results over the sample to those estimated by
Thompson (1963, 1969, 1970, 1985, 1986, and 1988) showed that the relationship
between weather, technology, and yields was similar. However, temperatures in May and
June appear to have less effect on corn yields than previously suggested, and
temperatures from June through August appear to be more important for soybean yields

than previously indicated. The amount of June precipitation is more influential to corn
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yield potential, and soybean yields appear to need significant rain events during June,
July, and August.

Structural change tests were performed on each model in corn and soybeans to
test for changes in any of the parameters. Breakpoints were identified as significant in
1988 for Illinois corn and lowa soybeans, while 1983 was identified for lowa corn.
However, it was expected that all states and crops would show similar results since
weather, crop development, soil, and geography were similar. The addition of dummy
variables at the break points failed to explain the cause of the structural breaks.
Therefore, the technology variable, grouped precipitation variables, and grouped
temperature variables were tested separately for structural change, but results remained
difficult to explain. Therefore, a general conclusion could not be made.

Degrees of freedom limitations prevented the structural change tests discussed
above from determining whether the mid-1990s was a period in which the relationship
between weather, corn yields, and technology changed. However, the mid-1990s is the
most important period to analyze because it is when the trend yield for corn is commonly
believed to have increased relative to the long-term trend. Therefore, additional tests for
structural change were specifically performed on the trend variable. The first analysis
was based on unknown breakpoint tests limited to the trend variable. A significant break
was identified in lowa for 1983, but the addition of a trend dummy variable to the
modified Thompson models showed corn yields would be expected to decrease — not
increase — each year over 1983 through 2006 in lowa (relative to 1960 through 1982).
The second analysis specified 1996 as a specific breakpoint and conducted conventional

Chow tests for structural change for each of the modified Thompson models. Dummy
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variables were insignificant and indicated that the trend over 1996 through 2006 changed
by only 0.09, -0.04, and 0.15 bushels per acre per year in Illinois, Indiana, and lowa,
respectively (versus 1960 through 1995). Therefore, the models did not suggest a notable
change in the trend.

A review of weather indexes for corn suggested weather from 1996 through 2006
was relatively benign in each state. Therefore, favorable weather likely led to corn yields
that were higher than the trend. That being said, a lack of new observations could also be
obscuring a new trend and preventing statistical detection.

The modified Thompson models explained a majority of the in-sample variation
in corn and soybean yields, but in-sample variation is not necessarily a good indicator of
the accuracy of the model for predicting yields. Therefore, a forecasting competition was
developed to analyze out-of-sample forecasts from the modified Thompson model.

These were compared to USDA and trend yield forecast that served as benchmarks. The
competition was developed such that forecasts were made on June 1, July 1, Augustl,
September 1, and October 1 over 1980 through 2006. This allowed for a relatively large
number of forecasts to analyze.

Corn and soybean yield forecasts on June 1 and July 1 were not notably more
accurate then trend yield forecasts, which indicated that perfect knowledge of weather
early in the growing season would not lead to model forecasts that are more accurate than
trend forecasts. Corn yield forecasts improved on August 1, while soybean yield
forecasts improved more notably on September 1. These results are sensible because
forecasts from the modified Thompson models should improve as weather observations

during the important months of July and August are included. However, USDA corn
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forecasts were always more accurate than those from the modified Thompson model.
USDA soybean forecasts were not significantly more accurate until October 1 when
actual yield observations were included by the USDA.

Although USDA forecasts were more accurate than forecasts from the modified
Thompson models, the development of single composite forecasts could still prove to be
useful if the forecasts utilized different information. Encompassing tests were significant
and showed that the accuracy of USDA corn yield forecasts could be improved in Illinois
and Indiana by around 20% and 15% on September 1 and October 1, respectively.
Illinois soybean forecasts could also be improved by 6% to 9% on August 1, September
1, and October 1. The economic value of these improvements is difficult to assess, but
research in a similar context (Colino and Irwin 2007) suggests the reductions are
economically non-trivial.

The key questions of this thesis can now be answered:

e Has the relationship between temperature, precipitation, technology, and corn
and soybean yields in the U.S. Corn Belt changed since the last
comprehensive studies? June precipitation appears to be more influential to
corn yields than previously assessed, while temperatures in May and June as
less influential. Soybean yields appear to be more influenced by temperatures
during June, July, and August, as well as significant precipitation during June,
July, and August — though August precipitation still has the largest influence
on yields. Technology still appears to be best represented linearly with a

beginning year of 1960.
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e Has the trend rate of yield growth for corn accelerated since the mid-1990s?
The trend rate of yield growth for corn has not accelerated for corn since the
mid-1990s. Instead, the trend yield for corn is best represented linearly with a
beginning year of 1960.

e How do yield forecasts from the multiple regression models compare to
benchmark forecasts? Forecasts from the modified Thompson models
generally are equal to or less accurate than benchmark forecasts. However,
economically significant improvement in USDA forecasts may exist for some

states and crops through the development of single composite forecasts.

6.2 Implications

The first implication of this thesis is that drier-than-average weather during
weather-sensitive times of development for corn and soybeans is much more detrimental
to yield potential than wet weather is helpful. For corn, this mainly corresponds to the
precipitation during June and July. For soybeans, this corresponds to precipitation during
June, July, and August. Slightly higher-than-average rainfall during these times is
expected to produce highest yields, but below-average departures from average can
quickly lower yields. Therefore, closer attention should be given to precipitation and the
magnitude of statewide dryness during these months. Less attention should be given to
temperatures in May and June since precipitation and weather that follows over-rides the
importance of growing season temperatures early in the period, and the crops can recover

from the effects of below- or above-average temperatures.

145



The second implication of this thesis is that the magnitude of temperatures during
July and August has a smaller effect on corn and soybean yields than the magnitude of
precipitation during these months. Warmer-than-average temperatures during these
months are expected to reduce corn yields, though soybean yields are less responsive.
Nonetheless, the expected effect related to warmer monthly temperatures during these
months is much lower than the expected effect of reduced monthly precipitation.

The third implication of this thesis is that corn yields since the mid-1990s may not
be improving relative to the unadjusted trend due to rapid improvements in technology
alone. This is because several structural break tests and the addition of dummy variables
to the modified Thompson models for corn failed to show that a new trend began in the
mid-1990s. Instead, relatively benign weather form 1996 through 2006 may be resulting
in increased corn yields and/or coinciding with improved technology. This is supported
by particularly unfavorable weather for corn in 1974, 1983, 1988, and 1993 that shifted
the unadjusted trend yield downward and flattened its slope. The benign weather period
that followed may be leading to misperceptions because it helps to increase corn yields
well beyond the unadjusted trend in some years. Thompson (1975) noted that similarly
widespread beliefs existed in the early-1970s and that technology had supposedly greatly
lessened the importance of weather. Unfavorable weather that followed from the mid-
1970s through the early-1990s disproved that thinking. It is plausible that a similar
scenarios currently exists where technology is improving, but favorable weather is
enhancing yield improvements and leading to yields that consistently out-perform the

unadjusted trend.
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The fourth implication of this thesis is that the modified Thompson models cannot
be used to improve trend yield forecasts early in the growing season. This supports the
idea that weather later in the growing season has a much larger effect on yields that
earlier weather. It further suggests that corn and soybeans can overcome unfavorable
weather and conditions prior to their key growing period in July and August. Notably,
these results imply that the influence of weather during planting in April and May is far
less influential than weather that follows.

The fifth implication of this thesis is that the modified Thompson models can be
used to substantially improve the accuracy of USDA forecasts for: 1) corn in Illinois, 2)
corn in Indiana, and 3) soybeans in Illinois. Although it is clearly evident that the USDA
forecasts are more accurate on a stand-alone basis, they can be combined with modified

Thompson model forecasts to develop more accurate composite forecasts.

6.3  Limitations and Extensions

A limitation is that statewide weather observations did not necessarily represent
weather that equally affected corn and soybean production. This is because monthly
precipitation and temperature observations at the state level are weighted by area and not
by crop production. Therefore, it may be useful to conduct a similar study with a
weighting scheme based on crop distribution — though such a task becomes notably more
complex. Additionally, different results may be provided by developing a model based
on crop phases instead of calendar months.

Broadening this study to relationships between weather, yields, and technology

for other states, regions, and crops could prove to be useful. For example, use of the
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multiple regression method to estimate the relationship between weather, technology and
various types of wheat would be useful since wheat is the most widely produced crop in
the world. Similar research could be performed on other corn and soybean states, or sub-
regions of states, as well.

The usefulness of additional variables to asses the relationship between yields,
weather, and technology could also prove to be useful. For example, Hollinger and
Changnon (2004) stated that Illinois corn yields in 2003 may have been unexpectedly
high because of the unusual combination of favorable coolness in July and August and
higher-than-usual sunshine. Dixon et al. (1994) also noted that the amount of solar
radiation was a key factor in plant development and they developed a proxy for solar
radiation for use in regression analysis. Therefore, solar radiation is likely the most
notable variable missing from the models and it would serve as a useful beginning point
for exploration. Furthermore, the incorporation of planting dates into the modified
Thompson models should also be explored to prove or disprove their influence and
significance on corn and soybean yield potential.

As a final note, it would be interesting for future research to utilize USDA Crop
Progress corn and soybean condition reports to develop multiple regression models to
estimate and predict yields. The reports could be useful because they represent direct —
though subjective — assessments of the overall health of each crop on a weekly basis
throughout the growing season. The assessment process was standardized in 1986 and is
based on a 5-point scale ranging from “very poor” to “excellent”. This information could
be utilized to develop multiple regression models for each state, and value could exist

because the reports should reflect the effects of all variables on the health of the crop,
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including weather, technology, insects, diseases, planting date, solar radiation, and any
and all other factors. These forecasts could then be assessed relative to benchmark
forecasts represented by trend, modified Thompson models, and the USDA in a

forecasting competition similar to that performed in Chapter 5.

6.4  Concluding Remarks

This thesis provided strong evidence that precipitation, temperature, and a simple
time trend to represent technological improvements explains most of the variation in corn
and soybean yields in the U.S. Corn Belt. This is a powerful finding because it shows
that the development of relatively simple multiple regression models can be an important
tool in understanding weather-technology-yield relationships when backed by rigorous
fundamental analyses. Results of the analyses can then help to prove and disprove
widespread perceptions in the agricultural community.

The use of multiple regression models in this thesis showed that corn and soybean
yields are best represented with a linear trend beginning in 1960 — despite: 1) numerous
and significant technological improvements over the past five decades, and 2) widespread
belief that the trend for corn is accelerating in recent years. Recent observations of
increased global temperatures are not reflected in monthly temperature and precipitation
observations in Illinois, Indiana, and lowa during key growing-season months — a fact
that: 1) suggests global warming does not necessarily mean hotter and drier summers can
be expected, and 2) is consistent with the possible effects of global warming at the state
level. Multiple regression models can also be used to improve USDA forecasts, even

though USDA forecasts are clearly more accurate on a stand-alone basis. This result
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could prove to be important because USDA forecasts serve as market benchmarks and
immediately influence cash and futures prices upon their release.

As a final note, it is important that lessons of history are not forgotten. Despite
the common belief that corn yields are increasing due to improved technology, this thesis
provided strong evidence that benign weather for the development of corn since the mid-
1990s cannot be discounted as an explanation for seemingly “high” yields. The potential
impact of this finding on the agricultural community is large. Trend yield forecasts based
on perceptions of an increased trend yield may eventually lead to poor production
forecasts. Unfavorable weather during an upcoming year may lead to unexpectedly low
corn yields that leave producers, market participants, agricultural economists, seed
companies, and end users wondering how very low yields could have occurred despite
technological improvement. A strikingly low corn yield occurred under the veil of
similar perceptions in 1974, and this scenario may well be repeated if an improved
understanding of trend yields and the complex relationship between weather, technology,

and yields is not widely understood.
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Table 2. Precipitation Statistics (inches) for lIllinois, Indiana, and lowa, 1960 - 2006

Period / Standard  Coefficient
State Mean Median Maximum  Minimum Range Deviation of Variation
Preseason
Ilinois 22.83 22.98 30.80 15.87 14.93 3.64 0.16
Indiana 24.57 24.73 33.39 18.52 14.87 3.33 0.14
lowa 16.47 16.85 24.29 9.67 14.62 3.53 0.21
May
Ilinois 4.32 4.36 8.71 1.25 7.46 1.73 0.40
Indiana 4.47 4.09 7.75 1.52 6.23 1.67 0.37
lowa 4.27 4.02 7.86 1.75 6.11 1.55 0.36
June
Hlinois 4.00 3.80 7.67 1.05 6.62 1.46 0.37
Indiana 4.07 4.13 7.72 0.74 6.98 1.29 0.32
lowa 4.57 4.38 8.67 1.72 6.95 1.67 0.37
July
Ilinois 3.96 3.58 7.27 1.75 5.52 1.32 0.33
Indiana 4.34 4.23 8.65 1.29 7.36 1.50 0.35
lowa 4.19 3.99 10.50 0.95 9.55 1.73 0.41
August
llinois 3.60 3.38 6.92 1.69 5.23 1.33 0.37
Indiana 3.72 3.50 6.69 1.67 5.02 1.20 0.32
lowa 4.01 3.82 8.24 1.04 7.20 1.71 0.43

Source: Monthly weather observations were collected from each state’s climatologist office
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Table 3. Temperature (degrees Fahrenheit) Statistics for Illinois, Indiana, and lowa, 1960 -
2006

Period / Standard  Coefficient
State Mean Median Maximum  Minimum Range Deviation of Variation
May
Hlinois 62.3 61.2 69.5 57.3 12.2 34 0.06
Indiana 61.4 60.1 68.3 56.0 12.3 3.6 0.06
lowa 60.6 60.4 67.8 54.6 13.2 3.3 0.05
June
Hlinois 715 715 76.1 66.8 9.3 2.0 0.03
Indiana 70.4 70.7 74.3 66.4 7.9 2.0 0.03
lowa 70.0 70.0 75.0 65.2 9.8 2.2 0.03
July
Hlinois 75.3 75.2 79.0 72.0 7.0 1.9 0.02
Indiana 74.1 73.8 78.0 71.2 6.8 1.8 0.02
lowa 74.1 74.0 7.7 68.7 9.0 2.2 0.03
August
Ilinois 73.2 73.3 78.7 68.5 10.2 2.4 0.03
Indiana 72.2 72.0 77.9 67.8 10.1 2.3 0.03
lowa 71.7 71.8 78.8 66.2 12.6 2.5 0.03

Source: Monthly weather observations were collected from each state’s climatologist office
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Table 6. De-trended Yield (bushels per acre) Statistics for Illinois, Indiana, and lowa, 1960 -
2006

Standard  Coefficient

Crop / State Mean Median Maximum  Minimum Range Deviation of Variation
Corn
Hlinois 155.0 157.3 183.4 103.2 80.2 15.3 0.10
Indiana 149.6 153.4 171.3 110.9 60.4 14.1 0.09
lowa 159.1 161.2 184.8 104.8 80.1 15.0 0.09
Soybeans
Hlinois 46.0 46.7 51.3 34.4 16.9 35 0.08
Indiana 46.9 47.8 52.6 359 16.7 3.6 0.08
lowa 47.8 48.7 56.0 33.9 22.1 4.0 0.08

Note: Yields are de-trended to 2006 using linear time trend regressions over 1960 - 2006
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Table 8. Modified Thompson Model Regression Estimates for Corn Yields in Illinois,
Indiana, and lowa, 1960 - 2006

Coefficient Estimates

Independent Variable or

Statistic Illinois Indiana lowa

Constant 292.02 *** 262.65 *** 363.46 ***
(80.52) (84.21) (82.81)

Annual Time Trend 192  *** 1.76  *** 2.04  ***
(0.09) (0.10) (0.09)

Preseason Precipitation 0.38 0.29 1.02 **
(0.35) (0.39) (0.45)

May Precipitation -1.45 * -2.43  *** -2.89 *x*
(0.78) (0.87) (1.05)

June Precipitation 14.04 *** 16.82 *** 893 *
(4.89) (4.25) (5.02)
June Precipitation? -1.50 *** -1.81  *** -0.82 *

(0.52) (0.50) (0.48)

July Precipitation 17.65 ** 13.62 *** 19.95 ***
(6.57) (3.80) (3.12)

July Precipitation? -150 * -1.06  *** -2.00 ***
(0.75) (0.38) (0.31)
August Precipitation 2.88 1585 ** 4.37
(5.69) (6.41) (3.30)
August Precipitation? -0.28 -1.78  ** -0.34
(0.71) (0.79) (0.35)
May Temperature 0.28 0.19 -0.30
(0.38) (0.36) (0.48)
June Temperature 0.19 -0.17 -0.68
(0.69) (0.72) (0.66)

July Temperature -1.65 ** -1.99 ** -2.23  ***
(0.79) (0.78) (0.74)

August Temperature -2.86  *** -2.02  *** -2.04  ***
(0.58) (0.61) (0.58)
R’ 0.95 0.94 0.94
Standard Error (bu. / acre) 7.57 7.62 8.75

Regression F-statistic 44.64 Fkk 40.54 Fkx 39.42 ***
LM test 10.51 18.18 6.28
BPG test 11.02 13.02 11.81
Ramsey RESET 1.55 0.03 0.86

Note: one, two, and three stars denote statistical significance at the 10%, 5%, and 1% levels, respectively. The
LM test denotes the LaGrange Multiplier Test for autocorrelation, the BPG test denotes the Breusch-Pagan-
Godfrey test for heteroskedasticity, and the Ramsey RESET is the test for mis-specification. The LM statistic
follows a x2 distribution with p degrees of freedom, where p is the highest order of autocorrelation in the test.
The BPG statistic follows a x2 distribution with K-1 degrees of freedom, where K is the number of estimated
parameters. The Ramsey RESET statistic follows a t-distribution with N-K degrees of freedom, where N is the
number of sample observations.
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Table 9. Modified Thompson Model Regression Estimates for Soybean Yields in Illinois,
Indiana, and lowa, 1960 - 2006

Coefficient Estimates

Independent Variable or

Statistic Illinois Indiana lowa
Constant 34.88 29.58 29.58
(25.42) (27.83) (27.87)
Annual Time Trend 0.44  *** 0.48  *** 0.49 ***
(0.03) (0.03) (0.03)
Preseason Precipitation 0.12 0.18 029 *
(0.11) (0.13) (0.15)
May Precipitation -0.44 * -0.71  ** -0.93 **
(0.25) (0.29) (0.35)
June Precipitation 2.21 513 *** 2.56
(1.54) (1.41) (1.69)
June Precipitaiton? -0.21 -0.52 *** -0.21
(0.17) (0.16) (0.16)
July Precipitaiton 2.57 3.52  **x* 345  ***
(2.07) (1.26) (1.05)
July Precipitation? -0.18 -0.33 ** -0.35 ***
(0.24) (0.12) (0.10)
August Precipitation 3.16 3.95 * 4,42  Fx*
(1.80) (2.12) (1.10)
August Precipitation? -0.29 -0.38 -0.37  ***
(0.23) (0.26) (0.12)
May Temperature 0.07 0.08 -0.05
(0.12) (0.12) (0.16)
June Temperature 0.34 0.03 0.38
(0.22) (0.24) (0.22)
July Temperature -0.20 -0.33 -0.34
(0.25) (0.26) (0.25)
August Temperature -0.58  *** -0.24 -0.34 *
(0.18) (0.20) (0.19)
R 0.91 0.91 0.89
Standard Error (bu. / acre) 2.39 2.52 2.94
Regression F-statistic 24.92 Fkx 27.23 ikl 19.85 ***
LM test 10.40 34.511 11.65
BPG test 9.87 12.98 13.45
Ramsey RESET 0.72 1.00 0.57

Note: one, two, and three stars denote statistical significance at the 10%, 5%, and 1% levels, respectively. The
LM test denotes the LaGrange Multiplier Test for autocorrelation, the BPG test denotes the Breusch-Pagan-
Godfrey test for heteroskedasticity, and the Ramsey RESET is the test for mis-specification. The LM statistic
follows a x2 distribution with p degrees of freedom, where p is the highest order of autocorrelation in the test.
The BPG statistic follows a x2 distribution with K-1 degrees of freedom, where K is the number of estimated
parameters. The Ramsey RESET statistic follows a t-distribution with N-K degrees of freedom, where N is the
number of sample observations.
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Table 10. Modified Thompson Model Regression Estimates with Dummy Variables at Selected Breakpoints for
Ilinois Corn Yields, lowa Corn Yields, and lowa Soybean Yields, 1960-2006

Coefficient Estimates

1linois Corn (1988 lowa Corn (1983 lowa Soybeans (1988
Independent Variable Coefficients Breakpoint) Breakpoint) Breakpoint)
Constant 312.20 wxx 215.93 el 18.75
(96.57) (87.61) (21.61)
Annual Time Trend 1.82 il 2.39 Fkk 0.49 Fxx
(0.20) (0.29) (0.05)
Preseason Precipitation 0.79 * 0.23 -0.07
(0.44) (0.71) (0.15)
May Precipitation -2.82 -1.28 -0.64
(1.29) (2.05) (0.38)
June Precipitation 5.07 8.72 1.34
(9.43) (7.57) (1.56)
June Precipitaiton? -0.67 -0.63 -0.14
(1.11) (0.70) (0.15)
July Precipitaiton 8.56 11.45 -1.01
(9.32) (7.40) (1.65)
July Precipitation? -0.41 -0.95 0.25
(1.07) (0.97) (0.21)
August Precipitation 1.97 2.81 1.67
(5.69) (4.91) (1.03)
August Precipitation? -0.02 -0.31 -0.12
(0.70) (0.53) (0.11)
May Temperature -0.22 -0.34 -0.11
(0.44) (0.66) (0.14)
June Temperature 0.19 -0.10 0.32 *
(0.78) (0.96) (0.18)
July Temperature -1.34 -2.56 Frx -0.08
(0.95) (0.81) (0.20)
August Temperature -2.54 il 0.13 -0.08
(0.65) (0.95) (0.17)
Annual Time Trend (Dummy) 0.93 o 0.34 0.31 wx
(0.38) (0.38) (0.13)
Preseason Precipitation (Dummy) 0.65 1.53 0.71 folad
(1.18) (0.38) 0.27)
May Precipitation (Dummy) 2.50 -1.48 -1.11 falad
(1.64) (2.41) (0.52)
June Precipitation (Dummy) 10.26 -0.72 6.93 wx
(10.91) (11.34) (2.76)
June Precipitaiton2 (Dummy) -1.08 -0.19 -0.59 folad
(1.25) (1.10) (0.28)
July Precipitaiton (Dummy) 0.17 14.51 0.30
(14.44) (8.61) (2.62)
July Precipitation? (Dummy) 0.12 -1.50 -0.14
(1.67) (1.05) (2.60)
August Precipitation (Dummy) 55.53 il -0.05 13.36 falaled
(19.58) (6.69) (2.60)
August Precipitation (Dummy) -8.14 il 0.10 -1.51 faleied
(2.71) (0.69) (0.30)
May Temperature (Dummy) 1.73 il 0.50 -0.16
(0.76) (0.83) (0.20)
June Temperature (Dummy) -1.16 0.23 -0.25
(1.35) (1.14) (0.29)
July Temperature (Dummy) -2.19 0.44 -0.77 *
(1.42) (1.43) (0.38)
August Temperature (Dummy) -0.43 -2.06 0.31
(1.16) (1.25) (0.32)
R? 0.98 0.98 0.97
Standard Error (bu. / acre) 6.11 6.94 1.78

Note: one, two, and three stars denote statistical significance at the 10%, 5%, and 1% levels, respectively.
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Table 11. Modified Thompson Model Regression Estimates with July and August Temperature
Dummy Variables at 1983 for lowa Corn Yields, 1960-2006

Coefficient Estimates

Independent Variable Coefficients

Constant 278.29  ***
(68.17)
Annual Time Trend 2.55 il
(0.17)
Preseason Precipitation 0.87 **
(0.39)
May Precipitation -2.19 **
(0.85)
June Precipitation 4.00
(4.10)
June Precipitaiton? -0.28
(0.39)
July Precipitaiton 17.83 faleded
(2.50)
July Precipitation? -1.80 faleied
(0.25)
August Precipitation 2.35
(2.71)
August Precipitation? -0.26
(0.28)
May Temperature -0.11
(0.38)
June Temperature -0.41
(0.55)
July Temperature -2.98 faleied
(0.65)
August Temperature 2.64
(0.86)
July Temperature (Dummy) -0.26 il
(0.69)
August Temperature (Dummy) -2.96 Fhx
(0.89)
R 0.96
Standard Error (bu. / acre) 6.89

Note: one, two, and three stars denote statistical significance at the 10%, 5%, and 1% levels, respectively.
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Table 12. Modified Thompson Model Regression Estimates with Annual Time Trend
Dummy Variable at 1983 for lowa Corn Yields, 1960-2006

Coefficient Estimates

Independent Variable Coefficients

Constant 342.62 ***
(79.68)
Annual Time Trend 258  ***
(0.28)
Preseason Precipitation 1.09 **
(0.43)
May Precipitation -2.69  **
(1.00)
June Precipitation 6.79
(4.90)
June Precipitaiton2 -0.60
(0.47)
July Precipitaiton 19.55  ***
(2.98)
July Precipitation? -1.96
(0.30)
August Precipitation 5.02
(3.16)
August Precipitation? -0.47
(0.34)
May Temperature -0.23
(0.46)
June Temperature -0.44
(0.64)
July Temperature -2.25 R
(0.72)
August Temperature -2.01
(0.55)
Annual Time Trend (Dummy) -0.42  **
(0.21)
R’ 0.95
Standard Error (bu. / acre) 8.35

Note: one, two, and three stars denote statistical significance at the 10%, 5%, and 1% levels, respectively.

162



Table 13. Modified Thompson Model Regression Estimates with Annual Time Trend Dummy

Variable at 1996 for Corn Yields in Indiana, lllinois, and lowa, 1960-2006

Coefficient Estimates

Independent Variable Coefficients llinois Indiana lowa
Constant 284.29 *** 269.43 *** 346.88 ***
(81.55) (87.22) (83.34)
Annual Time Trend 1.83  *** 1.80  *** 190  ***
(0.14) (0.15) (0.15)
Preseason Precipitation 0.46 0.27 110 **
(0.37) (0.40) (0.45)
May Precipitation -1.44 = -2.43 *** -3.10 ***
(0.78) (0.88) (1.05)
June Precipitation 13.72  *** 16.89  *** 8.66 *
(4.93) (4.31) (4.99)
June Precipitaiton? -1.47  x** -1.81 *** -0.80
(0.53) (0.49) 0.47)
July Precipitaiton 16.71  ** 13.72  *** 19.26  ***
(6.71) (3.87) (3.15)
July Precipitation? -1.37  * -1.08  *** -1.92 xx*
0.77) (0.38) (0.32)
August Precipitation 2.54 15.63 ** 4.48
(5.74) (6.52) (3.27)
August Precipitation? -0.22 -1.77 ** -0.35
(0.72) (0.80) (0.35)
May Temperature 0.28 0.19 -0.25
(0.38) (0.36) (0.48)
June Temperature 0.25 -0.21 -0.51
(0.70) (0.74) (0.67)
July Temperature -1.63 ** -2.06 ** -2.23 ***
(0.80) (0.81) (0.74)
August Temperature -2.82 *** -2.01  *** -1.97
(0.60) (0.62) (0.57)
Annual Time Trend Dummy 0.09 -0.04 0.15
(0.11) (0.10) (0.12)
R? 0.95 0.94 0.94
Standard Error (bu. / acre) 7.62 7.73 8.69

Note: one, two, and three stars denote statistical significance at the 10%, 5%, and 1% levels, respectively.
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Table 14. Time Trend Coefficients for Relative Squared Errors (d,) between Modified Thompson
Models and the USDA for Corn and Soybean Yields in Illinois, Indiana, and lowa, 1980 - 2006

August 1 September 1 October 1
Corn
lllinois 16.8 22.2 20.2
(14.3) (17.2) (17.4)
Indiana 19.9 40.5 39.7
(15.5) (24.0) (23.9)
lowa 9.2 22.6 18.7
(7.2) (30.2) (31.7)
Soybeans
llinois 1.6 * 1.3 0.8
(0.9) (1.0) (1.2)
Indiana 0.9 1.3 0.9
(1.0) (1.2) (1.2)
lowa 1.2 -0.2 -15
(1.3) (1.7) (1.7)

Note: The figures in parentheses are standard errors. One, two, and three stars denote statistical significance at the
10%, 5%, and 1% levels, respectively.
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Table 18. Encompassing Test Results for Modified Thompson Model and
USDA Forecasts of Corn and Soybean Yields in Illinois, Indiana, and
lowa, 1980-2006

Corn Soybeans
Weight p-value Weight p-value
Ilinois
August 0.23 0.12 0.35 0.10
(0.14) (0.20)
September 0.28 0.00 0.33 0.04
(0.09) (0.15)
October 0.16 0.01 0.13 0.07
(0.06) (0.06)
Indiana
August 0.28 0.02 0.20 0.17
(0.11) (0.14)
September 0.24 0.00 0.19 0.16
(0.07) (0.13)
October 0.16 0.01 -0.02 0.77
(0.06) (0.07)
lowa
August 0.08 0.68 0.16 0.46
(0.19) (0.22)
September 0.08 0.53 0.15 0.27
(0.13) (0.14)
October -0.04 0.59 -0.02 0.75
(0.08) (0.07)

Note: The figures in parentheses are standard errors.
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Table 19. Reduction in RMSE Associated with Optimal Composite Forecasts for
Corn and Soybeans in lllinois, Indiana, and lowa, 1980-2006

Weather Model USDA Composite  RMSE Reduction
--- bushels per acre ---
Corn
Illinois
August 15.3 10.8 10.3 5.0%
September 12.8 7.9 6.7 18.7%
October 12.8 4.7 4.1 15.1%
Indiana
August 14.9 9.8 8.7 12.9%
September 12.5 6.7 5.6 20.8%
October 12.5 4.7 4.1 14.2%
lowa
August 16.7 11.8 11.8 0.3%
September 17.1 9.7 9.6 1.4%
October 17.1 6.1 6.1 0.7%
Soybeans
Illinois
August 3.7 3.3 3.1 6.8%
September 3.4 2.9 2.6 9.0%
October 3.4 1.3 1.2 6.3%
Indiana
August 4.5 3.1 3.0 5.2%
September 4.3 2.9 2.8 4.9%
October 4.3 1.4 1.4 0.3%
lowa
August 59 4.6 4.6 0.2%
September 5.8 3.7 3.7 0.2%
October 5.8 1.9 1.9 0.7%
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Figure 1. United States Corn Yields, 1960-2006
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Figure 39. Change from Average Monthly Precipitation to Maximize Corn Yields in lllinois, Indiana,
and lowa, 1960-2006
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Figure 40. Change in Corn Yields By Increasing Precipitation from Average to Optimum in lllinais,
Indiana, and lowa, 1960-2006
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Figure 41. Change in Corn Yields By Decreasing Precipitation from Average to Optimum in Illinois,
Indiana, and lowa, 1960-2006
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Figure 44. Change from Average Monthly Precipitation to Maximize Soybean Yields in Illinois, Indiana,
and lowa, 1960-2006
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Figure 45. Change in Soybean Yields By Increasing Precipitation from Average to Optimum in lllinois,
Indiana, and lowa, 1960-2006
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Figure 46. Change in Soybean Yields By Decreasing Precipitation from Average to Optimum in Illinois,
Indiana, and lowa, 1960-2006
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Figure 52. QLR Tests for Structural Change in Modified Thompson Models for Corn Yields in lllinois,

Indiana, and lowa, 1960-2006
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Figure 53. QLR Tests for Structural Change in Modified Thompson Models for Soybean Yields in

Hlinois, Indiana, and lowa, 1960-2006

Panel A. lllinois.
6.00 4

5.00 4

4.00 4

3.00

F-Statistic

2.00

1.00 4

0.00

1981

T
1983 1985

Year

T T
1975 1977 1979

Panel C. lowa
6.00

5.00 4

4.00

3.00 i
19 critical value ~__

F-Statistic

5% critical value ~__

0.00 T

1987

T
1989

1991

1983
Year

1975 1977 1979 1981 1985

Panel E. lowa (2003 excluded)
6.00

5.00 4
4.00 4

3.00{ 19 critical value ~__

5% critical value ~_

F-Statistic

200

1.00 -

0.00 T

1987

1989

1991

1985
r

1975 1977 1979 1981 1983
Yeal

Note: Dashed lines show the QLR-Statistic

1987

1989

1991

Panel B. Indiana.
6.00 §

5.00 4

4.00 4

3.00 - 196 crif
|Woertcalvalue - ____

F-Statistic

109% critical value™

2.00
1.00 —/\’\/\/\/\
0.00 T T T T T T T T
1975 1977 1979 1981 1983 1985 1987 1989 1991
Year
Panel D. lowa (1993 excluded)
6.00
5.00 -
4.00
g
2
T 3.00
@
u

2,00 { 10

1.00 §

0.00 T T T T T T T T
1975 1977 1979 1981 1983 1985 1987 1989 1991
Year
Panel F. lowa (1993 and 2003 excluded)

6.00 4

5.00

4.00 4
2
a
% 3009 1cricalvalue
i 59% critical value__

2.00

1.00 4

0.00 T T T

1975 1977 1979 1981 1983 1985 1987 1989 1991
Year

220



Jes A

r 0009-

r 000G~

r 000v-

r 000€-

BURIpU| g [aued

p

002

000¢

JEEYN

I

r 0009-

r 000G~

r 0007~

r 000€-

r 000¢-

/. o000 L
I L

- 000T-
V8 6T
. 0

BMO] "D |aued

JeaA

Vma\/ 986+

- 0001

r 0009-

r 000S-

r 000t-

r 000¢-

r 000¢-

- 000T-

N

~

sioul|1 v [ued

AN

- 000T

9002-086T
‘eMO| pue ‘eurlpu] ‘SIOUI||] Ul SPISIA UJ10D 40} T Jaquisldas uo wAasn ayl pue s|apojN uosdwoyl paisipolA 104 (*p) s10443 15803104 padenbs Jo 3zIS aAne|ay G aanbi4

p

P

221



Jes A

- 0z
L 00z-
L ogT-
L 00T
=,
| Oml
00 0007 9661 2661 /\\%Z 861 0861
Y P o Y AP = A W
L 0g
L oot
N
BeMO] "D Jaued 2
Jes A Jea A
- 05z- - 052
| 00e- L 00z
L osT- L 0sT-
L 00T- L 001
=Y =Y
> N\ - 05 L L 0s-
00 00 9661 2661 Laget TE6T @8 0 0002 9661 Z661 veeT 6T
,/,\,<,<,,\,, ,,,/,\.i 0 —rt — ~o A N ,\a,,, 0
L 05 L 05
L oot L oot
eueIpU| °g Jaued sloul|1 v |aued
900¢-086T

‘eMO| pue ‘eueIpu| ‘SIOUI||] Ul SPSIA UeagA0S 404 T 19qwaldas uo asn ayl pue s|apoi uosdwoy ] paiipolA 40} (p) s40443 1seda404 padenbs Jo azIS anleley ‘GG aanbi4



510113 1582310} 3} JO UOIRIASP PIBPUE)S 3U} PaJedIpUI Saul| Paysep 310N

JLEEYN
r 0°09-
F ooy
F 00z <
@
o
6T g
00 3
-
]
2
Fooz &
ooy
009
eMO| "D |dued
Jes A Jes A
r 009 r 0'09-
F00p- F ooy
F 00z < F 00z <
[ @
Q. o
002 0002 6T 2 g
. N 00 = =
> Iz
=3 =3
Q 2
8 8
ooz & ooz &
L ooy F ooy
L 009 L 009
euelpu| g |aued stoul||l "V |aued
900¢-086T

“eMO] pue ‘euBIpU| ‘SIoUl||] Ul SPISIA U102 JO S|apolA uosduioy ] PsiIpolA 10} $10443 1sedsd04 ajdwes-10-1nO "9 a4nbi4

223



10119 1SBI3104 B} JO UOIIRIASD PJepuels sy} payedlpul saul] paysep ;10N

Jea A
r 0'Ge-
F 00z
F0'sT-
F 00T
=<
@
Fos =
6T g
&
00 3
&
=3
2
FOS o
Q
........................................ =
...................... L oot
FosT
F 00z
Logz
Bmo| ‘D |sued
Tes A lea A
r 0'Ge- C oSz
F 00z L 00z
F0'eT- L ost-
k00T L oot
=< <
@ =
Log- W =%
6T g g
00 3 2
@ o«
B B
F0S 3
ch s
F oot
L osT koSt
rooe +ooz
- 0'se Lose
euelpu| "g |aued sioul||] "V [sued

9002-086T ‘eMO]|
pue ‘eueIpU| ‘SIOUl||] Ul SPISIA UBaQAOS JO S[9POIA uosdwioy ] paljIpoA 404 s10443 1582340 ajdwes-10-1nO /G a4nbi4

224



REFERENCES

Andrews, D.W. “Tests for Parameter Instability and Structural Change with Unknown
Change Point.” Econometrica, 60(1993):821-856.

Armstrong, J.S. Principles of Forecasting: A Handbook for Researchers and
Practitioners. Springer: Philadelphia, Pennsylvania, 2001.

Changnon, S.A. “Climatic Fluctuations In Illinois.” Bulletin (lllinois State Water
Survey), 68(1984).

Changnon, S.A. and S. Hollinger. “Weather-Caused Unexpected Record High Corn
Yield In Illinois.” Transactions of the Illinois State Academy of Science,
97(2004):149-163.

Changnon, S.A. and J.C. Neill. “Areal Variations In Corn-Weather Relations In Illinois.”
Transactions Illinois State Academy of Science, 60(1967):221-230.

Clements, M.P. and D.F. Hendry. “Modelling Methodology and Forecast Failure.”
Econometrics Journal, 5(2002):319-344.

Climate Prediction Center. “Who We Are”. February 24, 2005.
(http://www.cpc.noaa.gov/information/who we are/index.shtml)

Climate Prediction Center. “Long-Lead Forecast Tool Discussion and Analysis”. March
2005. (http://www.cpc.ncep.noaa.qov/products/predictions/90day/tools.html)

Colino, E. V., and S. H. Irwin. “Outlook vs. Futures: Three Decades of Evidence in Hog
and Cattle Markets.” Proceedings of the NCCC-134 Conference on Applied
Commodity Price Analysis, Forecasting, and Market Risk Management. Chicago,
Ilinois. April 16-17, 2007. (http://www.farmdoc.uiuc.edu/nccc134)

Crop Production. U.S. Department of Agriculture, National Agricultural Statistics

Service, Agricultural Statistics Board.
(http://usda.mannlib.cornell.edu/MannUsda/viewDocumentInfo.do;jsessionid=AF
ABEE81C74ADC3819C6D72D74C20F27?documentlD=1046)

Crop Production Annual Summary. U.S. Department of Agriculture, National

Agricultural Statistics Service, Agricultural Statistics Board.
(http://usda.mannlib.cornell.edu/MannUsda/viewDocumentInfo.do?documentID=
1047)

Crop Progress. U.S. Department of Agriculture, National Agricultural Statistics Service,

Agricultural Statistics Board.
(http://usda.mannlib.cornell.edu/MannUsda/viewDocumentInfo.do?documentID=
1048)

225



Davis, F.E. and G.D. Harrell. “Relation of Weather and Its Distribution to Corn Yields.”
United States Department of Agriculture Technical Bulletin, 806(1942).
DeWitt, J. and J. Tollefson. “Soybean Aphids Making A Mark”. August 18,
2003.
(http://www.ipm.iastate.edu/ipm/icm//ipm/icm/2003/8-18-2003/aphids.html)

Dixon, B.L., Hollinger, S.E., Garcia, P. and V. Tirupattur. “Estimating Corn Yield
Response Models to Predict Impacts of Climate Change.” Journal of Agricultural
and Resource Economics, 19(1994):58-68.

Doll, J.P. “An Analytical Technique for Estimating Weather Indexes from
Meteorological Measurements.” Journal of Farm Economics, 49(1967):79-88.

Ezekiel, M. Methods of Correlation Analysis. Second Edition. John Wiley & Sons, Inc.:
New York, 1941.

Fisher, R.A. “The Influence of Rainfall On the Yield of Wheat At Rothamsted.” Royal
Society of London, Philosophical Transactions, 213(1925):89-142.

Fitzgerald, A. “300 Bushels Per Acre Corn Yield No Longer A Pie-In-Sky Goal.” Des
Moines Register, December 11, 2006.

Garcia, P., Offutt, S. and M. Pinar. “Corn Yield Behavior: Effects of Technological
Advance and Weather Conditions.” Journal of Climate and Applied Meteorology,
26(1987):1092-1102.

Good, D. L. and S. H. Irwin. “Understanding USDA Corn and Soybean Production
Forecasts: Methods, Performance and Market Impacts over 1970-2005.” AgMAS
Project Research Report: 2006-01, February 2006.
(http://www.farmdoc.uiuc.edu/agmas/reports/06_01/AgMAS06_01.html)

Granger, C.W.J. and P. Newbold. “Some Comments on the Evaluation of Economic
Forecasts.” Applied Economics, 5(1973):35-47.

Guijarati, D.N. Basic Econometrics. Fourth edition. McGraw-Hill/lrwin: New York,
New York, 2003.

Harvey, D. I., Leybourne, S.J. and P. Newbold. “Tests for Forecast Encompassing.”
Journal of Business and Economic Statistics, 16(1998):254-259.

Hill, H. and J. Mjelde. “Challenges and Opportunities Provided by Seasonal Climate
Forecasts: A Literature Review.” Journal of Agricultural and Applied
Economics, 34(2002):603-632.

Hillacker, H.J. “Climatology of Excessive Short Duration Rainfall In lowa.”
Climatology Series Number 6 lowa Department of Agriculture (1984).

226



Hollinger, S.E. and S.A. Changnon. “Response of Corn and Soybean Yields to
Precipitation Augmentation, and Implications for Weather Modification in
Illinois.” Illinois State Water Survey Bulletin 73, 1993.

Houseman, E.E. “Methods of Computing a Regression of Yield On Weather.” lowa
Agricultural Experimental Station Technical Bulletin, 302(1942):863-904.

lowa State University Agronomy Extension. “Planting Date Trends”. 2006.
(http://www.agronext.iastate.edu/corn/production/management/planting/earlier.ht
ml)

Kauffman, R.K. and S. Snell. “A Biophysical Model of Corn Yield: Integrating Climatic
and Social Determinants.” American Journal of Agricultural Economics,
79(1997):178-190.

Mijelde, J., Hill, H. and J. Griffiths. “A Review of Current Evidence on Climate
Forecasts and Their Economic Effects in Agriculture.” American Journal of
Agricultural Economics, 80(1998):1089-1095.

Nafziger, E. “Chasing High Corn and Soybean Yields”. 2004.
(http://www.cropsci.uiuc.edu/classic/2004/)

National Agricultural Statistics Service, “Quick Stats: Agricultural Statistics Data Base”.
(http://www.nass.usda.gov/QuickStats/)

National Climatic Data Center. “U.S. Climate Normals 1971-2000, Products”.
(http://lwf.ncdc.noaa.gov/oa/climate/normals/usnormalsprods.html)

National Climatic Data Center. “Data Documentation For Data Set 9641E (DSI-9641E)
State, Regional, and National Monthly and Annual Area-weighted Temperature
and Precipitation and Population-weighted Heating And Cooling Degree Days,
1931-91”. December 9, 2002.
(http://www1.ncdc.noaa.gov/pub/data/documentlibrary/tddoc/td9641e.pdf)

National Climatic Data Center. “Climate of 2006 — Annual Report”. January 11, 2007.
(http://www.ncdc.noaa.gov/oa/climate/research/2006/ann/global.html)

Nelson, W.L. and R.F. Dale. “Effect of Trend or Technology Variables and Record
Period on Prediction of Corn Yields with Weather Variables.” Journal of Applied
Meteorology, 17(1978):926-933.

Nielsen, R.L. “Corn Grain Yield Trends: Eyes of the Beholder”. Corny News Network,
Purdue University Department of Agronomy. June 15, 2006.
(http://www.agry.purdue.edu/ext/corn/news/articles.06/YieldTrends-0615.html)

227



Quandt, R. “Tests of the Hypothesis that a Linear Regression System Obeys Two
Different Regimes.” Journal of the American Statistical Association,
55(1960):324-330.

Ropelewski, C. and M. Halpert. “North American Precipitation and Temperature
Patterns Associate with the EI Nifio Southern-Oscillation (ENSO).” Monthly
Weather Review, 114(1986):2352-2362.

Ropelewski, C. and M. Halpert. “Global and Regional Scale Precipitation Patterns
Associated with the EI Nifio/Southern Oscillation).” Monthly Weather Review,
115(1987):1606-1626.

Ropelewski, C. and M. Halpert. “Precipitation Patterns Associated with the High Index
Phase of the Southern Oscillation.” Journal of Climate, 2(1989):268-284.

Rose, J.K. “Corn Yield and Climate in the Corn Belt.” The Geographical Review,
26(1936):88-102.

Runge, E.C.A. “Effects of Rainfall and Temperature Interactions During the Growing
Season On Corn Yield.” Agronomy Journal, 60(1968):503-507.

Runge, E.C.A. and R.T. Odell. “The Relation Between Precipitation, Temperature and
the Yield of Corn on the Agronomy South Farm, Urbana, Illinois.” Agronomy
Journal, 50(1958):448-454.

Runge, E.C.A. and R.T. Odell. “The Relation Between Precipitation, Temperature and
the Yield of Soybeans on the Agronomy South Farm, Urbana, Illinois.”
Agronomy Journal, 52(1960):245-247.

Smith, W.J. “The Effect of Weather Upon the Yield of Corn.” Monthly Weather Review,
42(1914):78-93.

Stock, J.H. and M.W.Watson. Introduction to Econometrics. Second edition. Pearson
Education, Inc.: Boston, Massachusetts, 2007.

Swanson, E.R. and J.C. Nyankori. “Influence of Weather and Technology On Corn and
Soybean Yield Trends.” Agricultural Meteorology, 20(1979):327-342.

Teigen, L.D. “Weather and Soybean Yield: A Regional Analysis.” United States
Department of Agriculture, Economic Research Service, October 1991a, pp. 24-
29.

Teigen, L.D. “Weather, Climate and Variability of U.S. Corn Yield.” United States

Department of Agriculture, Economic Research Service, November 1991b, pp.
28-37.

228



Teigen, L.D. and M. Thomas, Jr. “Weather and Yield, 1950-94: Relationships,
Distributions, and Data.” Economic Research Service, Commercial Agriculture
Division, Number 9527, December 1995.

The Pest Management and Crop Development Bulletin, “Soybean Aphid Story: 2003”.
September 5, 2003 (http://ipm.uiuc.edu/bulletin/pastpest/articles/200322b.html)

Thomison, P. “Conditions Favorable for ‘Rootless, Floppy Corn’”. C.O.R.N. Newsletter,
The Ohio State University. June 5, 2007.
(http://agcrops.osu.edu/story.php?setissuelD=181&storylD=1091)

Thompson, L.M. “An Evaluation of Weather Factors In the Production of Corn.” The
Center for Agricultural and Economic Adjustment, lowa State University, Ames,
lowa, Report 12T(1962).

Thompson, L.M. “Weather and Technology In the Production of Corn and Soybeans.”
The Center for Agricultural and Economic Development, lowa State University,
Ames, lowa, Report 17(1963).

Thompson, L.M. “Weather and Technology In the Production of Corn In the U.S. Corn
Belt.” Agronomy Journal, 61(1969):453-456.

Thompson, L.M. “Weather and Technology In the Production of Soybeans In the Central
U.S.” Agronomy Journal, 62(1970):232-236.

Thompson, L.M. “Weather Variability, Climatic Change, and Grain Production.”
Science, 188(1975):535-541.

Thompson, L.M. “Weather Variability, Climatic Change, and Soybean Production.”
Journal of Soil and Water Conservation, 40(1985):386-389.

Thompson, L.M. “Climatic Change, Weather Variability, and Corn Production.”
Agronomy Journal, 78(1986):649-653.

Thompson, L.M. “Effects of Changes In Climate and Weather Variability On the Yields
of Corn and Soybeans.” Journal of Production Agriculture, 1(Volume 1
1988):20-27.

Thompson, L.M. “Impact of Global Warming and Cooling on Midwestern Agriculture.”
Journal of lowa Academic Science, 97(1990):88-90.

Troyer, A. F. “Impact Adaptedness and Heterosis in Corn and Mule Hybrids.” Crop
Science, 46(2006):528-543.

Ullstrup, A.J. “The Impacts of the Southern Corn Leaf Blight Epidemics of 1970-1971.”
Annual Review of Phytopathology, 10(1972):37-50

229



USA Today, “Long-Term Weather Outlooks.” May 5, 2005.
(http://www.usatoday.com/weather/wout.htm)

Wallace, H.A. “Mathematical Inquiry Into the Effect of Weather On Corn Yield In the
Eight Corn Belt States.” Monthly Weather Review, 48(1920):439-446.

Weekly Weather and Crop Bulletin. U.S. Department of Commerce, U.S. Department of
Agriculture. October 1, 1974.
(http://usda.mannlib.cornell.edu/MannUsda/viewDocumentInfo.do?documentI D=
1393)

Wilbanks, T.J. and R.W. Kates. “Global Change In Local Places: How Scale Matters.”
Climatic Change, 43(1999):601-628.

230



