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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 Iowa 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 Iowa over 1960 through 2006 was similar, though pre-season precipitation 

was notably lower in Iowa.  Monthly temperatures averaged the warmest in Illinois, 

followed by Iowa 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 Iowa 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 Iowa 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 Illinois and Indiana, though 1993 was the worst for each crop in Iowa.  Weather since 

the mid-1990s was generally benign – especially as it related to Iowa 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 Iowa soybeans, while 1983 was identified for Iowa 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 Iowa 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 Iowa (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 Iowa, 

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, August1, 

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: 

• 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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• 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. 

• 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. 
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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 Iowa 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 Illinois, Indiana, and Iowa, 1960 - 2006

Period / 
State Mean Median Maximum Minimum Range

Standard 
Deviation

Coefficient 
of Variation

Preseason
Illinois 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
Iowa 16.47 16.85 24.29 9.67 14.62 3.53 0.21

May
Illinois 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
Iowa 4.27 4.02 7.86 1.75 6.11 1.55 0.36

June
Illinois 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
Iowa 4.57 4.38 8.67 1.72 6.95 1.67 0.37

July
Illinois 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
Iowa 4.19 3.99 10.50 0.95 9.55 1.73 0.41

August
Illinois 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
Iowa 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  



 153

Period / 
State Mean Median Maximum Minimum Range

Standard 
Deviation

Coefficient 
of Variation

May
Illinois 62.3 61.2 69.5 57.3 12.2 3.4 0.06
Indiana 61.4 60.1 68.3 56.0 12.3 3.6 0.06
Iowa 60.6 60.4 67.8 54.6 13.2 3.3 0.05

June
Illinois 71.5 71.5 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
Iowa 70.0 70.0 75.0 65.2 9.8 2.2 0.03

July
Illinois 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
Iowa 74.1 74.0 77.7 68.7 9.0 2.2 0.03

August
Illinois 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
Iowa 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

Table 3.  Temperature (degrees Fahrenheit) Statistics for Illinois, Indiana, and Iowa, 1960 - 
2006
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Crop / State Mean Median Maximum Minimum Range
Standard 
Deviation

Coefficient 
of Variation

Corn
Illinois 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
Iowa 159.1 161.2 184.8 104.8 80.1 15.0 0.09

Soybeans
Illinois 46.0 46.7 51.3 34.4 16.9 3.5 0.08
Indiana 46.9 47.8 52.6 35.9 16.7 3.6 0.08
Iowa 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

Table 6.  De-trended Yield (bushels per acre) Statistics for Illinois, Indiana, and Iowa, 1960 -
2006
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Independent Variable or 
Statistic Illinois Indiana Iowa
Constant 292.02 *** 262.65 *** 363.46 ***

(80.52) (84.21) (82.81)
Annual Time Trend 1.92 *** 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 ***

(0.78) (0.87) (1.05)
June Precipitation 14.04 *** 16.82 *** 8.93 *

(4.89) (4.25) (5.02)
June Precipitation² -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 Precipitation² -1.50 * -1.06 *** -2.00 ***

(0.75) (0.38) (0.31)
August Precipitation 2.88 15.85 ** 4.37

(5.69) (6.41) (3.30)
August Precipitation² -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)

R2 0.95 0.94 0.94
Standard Error (bu. / acre) 7.57 7.62 8.75

Regression F-statistic 44.64 *** 40.54 *** 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

Coefficient Estimates

Table 8.  Modified Thompson Model Regression Estimates for Corn Yields in Illinois, 
Indiana, and Iowa, 1960 - 2006

 
 
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 χ2 distribution with p degrees of freedom, where p is the highest order of autocorrelation in the test.  
The BPG statistic follows a χ2 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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Independent Variable or 
Statistic Illinois Indiana Iowa
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 0.29 *

(0.11) (0.13) (0.15)
May Precipitation -0.44 * -0.71 ** -0.93 **

(0.25) (0.29) (0.35)
June Precipitation 2.21 5.13 *** 2.56

(1.54) (1.41) (1.69)
June Precipitaiton² -0.21 -0.52 *** -0.21

(0.17) (0.16) (0.16)
July Precipitaiton 2.57 3.52 *** 3.45 ***

(2.07) (1.26) (1.05)
July Precipitation² -0.18 -0.33 ** -0.35 ***

(0.24) (0.12) (0.10)
August Precipitation 3.16 3.95 * 4.42 ***

(1.80) (2.12) (1.10)
August Precipitation² -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)

R2 0.91 0.91 0.89
Standard Error (bu. / acre) 2.39 2.52 2.94

Regression F-statistic 24.92 *** 27.23 *** 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

Coefficient Estimates

Table 9.  Modified Thompson Model Regression Estimates for Soybean Yields in Illinois, 
Indiana, and Iowa, 1960 - 2006

 
 
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 χ2 distribution with p degrees of freedom, where p is the highest order of autocorrelation in the test.  
The BPG statistic follows a χ2 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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Independent Variable Coefficients
Illinois Corn (1988 

Breakpoint)
Iowa Corn (1983 

Breakpoint)
Iowa Soybeans (1988 

Breakpoint)
Constant 312.20 *** 215.93 ** 18.75

(96.57) (87.61) (21.61)
Annual Time Trend 1.82 *** 2.39 *** 0.49 ***

(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 Precipitaiton² -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 Precipitation² -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 Precipitation² -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 *** -0.08

(0.95) (0.81) (0.20)
August Temperature -2.54 *** 0.13 -0.08

(0.65) (0.95) (0.17)
Annual Time Trend (Dummy) 0.93 ** 0.34 0.31 **

(0.38) (0.38) (0.13)
Preseason Precipitation  (Dummy) 0.65 1.53 0.71 **

(1.18) (0.38) (0.27)
May Precipitation  (Dummy) 2.50 -1.48 -1.11 **

(1.64) (2.41) (0.52)
June Precipitation  (Dummy) 10.26 -0.72 6.93 **

(10.91) (11.34) (2.76)
June Precipitaiton²  (Dummy) -1.08 -0.19 -0.59 **

(1.25) (1.10) (0.28)
July Precipitaiton  (Dummy) 0.17 14.51 0.30

(14.44) (8.61) (2.62)
July Precipitation²  (Dummy) 0.12 -1.50 -0.14

(1.67) (1.05) (2.60)
August Precipitation  (Dummy) 55.53 *** -0.05 13.36 ***

(19.58) (6.69) (2.60)
August Precipitation²  (Dummy) -8.14 *** 0.10 -1.51 ***

(2.71) (0.69) (0.30)
May Temperature  (Dummy) 1.73 ** 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)

R2 0.98 0.98 0.97
Standard Error (bu. / acre) 6.11 6.94 1.78

Coefficient Estimates

Table 10.  Modified Thompson Model Regression Estimates with Dummy Variables at Selected Breakpoints for 
Illinois Corn Yields, Iowa Corn Yields, and Iowa Soybean Yields, 1960-2006

 
Note: one, two, and three stars denote statistical significance at the 10%, 5%, and 1% levels, respectively. 
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Independent Variable Coefficients
Constant 278.29 ***

(68.17)
Annual Time Trend 2.55 ***

(0.17)
Preseason Precipitation 0.87 **

(0.39)
May Precipitation -2.19 **

(0.85)
June Precipitation 4.00

(4.10)
June Precipitaiton² -0.28

(0.39)
July Precipitaiton 17.83 ***

(2.50)
July Precipitation² -1.80 ***

(0.25)
August Precipitation 2.35

(2.71)
August Precipitation² -0.26

(0.28)
May Temperature -0.11

(0.38)
June Temperature -0.41

(0.55)
July Temperature -2.98 ***

(0.65)
August Temperature 2.64

(0.86)
July Temperature  (Dummy) -0.26 ***

(0.69)
August Temperature  (Dummy) -2.96 ***

(0.89)

R2 0.96
Standard Error (bu. / acre) 6.89

Coefficient Estimates

Table 11.  Modified Thompson Model Regression Estimates with July and August Temperature 
Dummy Variables at 1983 for Iowa Corn Yields, 1960-2006

 
Note: one, two, and three stars denote statistical significance at the 10%, 5%, and 1% levels, respectively. 
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Independent Variable Coefficients
Constant 342.62 ***

(79.68)
Annual Time Trend 2.58 ***

(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 Precipitation² -1.96 ***

(0.30)
August Precipitation 5.02

(3.16)
August Precipitation² -0.47

(0.34)
May Temperature -0.23

(0.46)
June Temperature -0.44

(0.64)
July Temperature -2.25 ***

(0.71)
August Temperature -2.01 ***

(0.55)
Annual Time Trend (Dummy) -0.42 **

(0.21)

R2 0.95
Standard Error (bu. / acre) 8.35

Coefficient Estimates

Table 12.  Modified Thompson Model Regression Estimates with Annual Time Trend 
Dummy Variable at 1983 for Iowa Corn Yields, 1960-2006

 
Note: one, two, and three stars denote statistical significance at the 10%, 5%, and 1% levels, respectively. 
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Independent Variable Coefficients Illinois Indiana Iowa
Constant 284.29 *** 269.43 *** 346.88 ***

(81.55) (87.22) (83.34)
Annual Time Trend 1.83 *** 1.80 *** 1.90 ***

(0.14) (0.15) (0.15)
Preseason Precipitation 0.46 0.27 1.10 **

(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 Precipitaiton² -1.47 *** -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 Precipitation² -1.37 * -1.08 *** -1.92 ***

(0.77) (0.38) (0.32)
August Precipitation 2.54 15.63 ** 4.48

(5.74) (6.52) (3.27)
August Precipitation² -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)

R2 0.95 0.94 0.94
Standard Error (bu. / acre) 7.62 7.73 8.69

Coefficient Estimates

Table 13.  Modified Thompson Model Regression Estimates with Annual Time Trend Dummy 
Variable at 1996 for Corn Yields in Indiana, Illinois, and Iowa, 1960-2006

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

Illinois 16.8 22.2 20.2
(14.3) (17.1) (17.4)

Indiana 19.9 40.5 39.7
(15.5) (24.0) (23.9)

Iowa 9.2 22.6 18.7
(7.2) (30.2) (31.7)

Soybeans
Illinois  1.6 * 1.3 0.8

(0.9) (1.0) (1.1)
Indiana 0.9 1.3  0.9

(1.0) (1.2) (1.2)
Iowa  1.2 -0.2 -1.5

(1.3) (1.7) (1.7)

Table 14. Time Trend Coefficients for Relative Squared Errors (dt) between Modified Thompson 
Models and the USDA for Corn and Soybean Yields in Illinois, Indiana, and Iowa, 1980 - 2006

 
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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Weight p-value Weight p-value
Illinois

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)

Iowa
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)

Corn Soybeans

Table 18.  Encompassing Test Results for Modified Thompson Model and 
USDA Forecasts of Corn and Soybean Yields in Illinois, Indiana, and 
Iowa, 1980-2006

 
Note: The figures in parentheses are standard errors. 
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Weather Model USDA Composite RMSE Reduction

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%

Iowa
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%

Iowa
August 5.9 4.6 4.6 0.2%

September 5.8 3.7 3.7 0.2%
October 5.8 1.9 1.9 0.7%

--- bushels per acre ---

Table 19.  Reduction in RMSE Associated with Optimal Composite Forecasts for 
Corn and Soybeans in Illinois, Indiana, and Iowa, 1980-2006
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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 Illinois, Indiana, 
and Iowa, 1960-2006

-0.50

0.00

0.50

1.00

1.50

2.00

2.50

3.00

June July August

C
ha

ng
e 

In
 M

on
th

ly
 P

re
ci

pi
ta

tio
n 

(I
nc

he
s)

Illinois
Indiana
Iowa

 



 209

Figure 41.  Change in Corn Yields By Decreasing Precipitation from Average to Optimum in Illinois, 
Indiana, and Iowa, 1960-2006

Figure 40.  Change in Corn Yields By Increasing Precipitation from Average to Optimum in Illinois, 
Indiana, and Iowa, 1960-2006
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Figure 44.  Change from Average Monthly Precipitation to Maximize Soybean Yields in Illinois, Indiana, 
and Iowa, 1960-2006
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Figure 46.  Change in Soybean Yields By Decreasing Precipitation from Average to Optimum in Illinois, 
Indiana, and Iowa, 1960-2006

Figure 45.  Change in Soybean Yields By Increasing Precipitation from Average to Optimum in Illinois, 
Indiana, and Iowa, 1960-2006
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Note: Dashed lines show the QLR-Statistic

Figure 52.  QLR Tests for Structural Change in Modified Thompson Models for Corn Yields in Illinois, 
Indiana, and Iowa, 1960-2006
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Note: Dashed lines show the QLR-Statistic

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

Panel A.  Illinois.
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