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ABSTRACT

The Thompson-type models evaluated use the basic input variables of year and
monthly average temperature and total precipitation to predict soybean yields
in Iowa, Illinois, and Indiana. Both pooled and unpooled models predicting
crop reporting district and state level yields were compared; pooled models
outperformed the unpooled models. Evaluation of yield reliability at the
state level indicated bias of pooled models less than one quintal/hectare
and standard deviation between one and two quintals/hectare. The models are
objective. Some input variables were not statistically significant. Timely
yield estimates can be made with approximate (or assumed normal) climatic
division weather data. The models are not costly to use and are easy to
understand.

Key Words: Model evaluation, crop yield modeling, pooled models, regression
models.
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FOREWORD

This neport is one 0§ a sernies of crwp yield model evaluation reports being pre-
pared by various stafd membens at the Joint USDA/NOAA/NASA Modeling Centern 4in
Columbia, Missourni. In this initial sernies of evaluation repoats, two alternative
and potentially competing models are being evaluated fon each of the following
crops:  spring wheat, barley, comn forn grain, and soybeans. The evaluations fon
spring wheat and barley are being made forn Nonth Dakota and Minnesoia, while
soybean and cormn models are evaluated for Indiana, 1€&inodis and Towa.

Following the evaluation neponts, and based upon thein §indings, a sernies o4
model comparison heports anre being prepared. These reponts (one gon each crop)
will compare the alternative on competing models for each potential application.

The previously published reponts in these series are Listed below:

0 "Evatuation o4 the CEAS Trend and Monthly Weather Data Models gor
Spring Wheat Yields in Nonth Dakota and Minnesofa,” by Jeanne L.
Sebaugh (USDA).

0 "Evaluation of the Witliams-Type Spring Wheat Modef <in Nonth Dakota
and Minnesota,” by Sharon K. LeDuc (NOAA).

o "Comparison of CEAS and WilLiams-Type Models for Spring Wheat Yields in
Nonth Dakota and Minnesota,” by Tom L. Barnett (NASA).

o "Evaluation of the CEAS Model fon BarlLey Yields in Noath Dakota and
Minnesota,” by Tom L. Bawett (NASA).

o "Evaluation of the Witliams-Type Model fon Barley Yields in Nonth
Dakota and Minnesota,” by Tom L. Bawnett (NASA).

o "Comparison of CEAS and WilLiams-Type Barkey Yield Models fon Nonth
Dakota and Minnesota,” by Sharon K. LeDuc (NOAA).

These neponts have been, and the remaining reports in these sernies will be, pre-
pared in suppont of tasks in the Yiefd Model Development Project of AgRISTARS.
AgRISTARS 45 an acronym for "Agriculture and Resources Inventory Surveys Through
Aerospace Remote Sensing." 1t is a mulii-agency program Lo meet some cwurent
and new information needs of USDA.

WENDELL W. WILSON, Head

Vield Evaluation Section

Yield Research Branch
Statistical Reseanch Division
Statistical Reporting Service
U. S. Depantment of Agriculiture
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Table 1
Average Production and Yield
For Years 1970-1979
Soybeans
Iowa, Illinois, Indiana
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For regression models, this suggests the use of a correlation coefficient
between two variables generated for each test year. One variable is an indi-
cator of the precision with which a prediction for the next year can be made,
based on the model development base period. The other variable (obtained
retrospectively) is an indicator of how close the predicted value for the
next year actually is to the "true'" value. The estimate of the standard
error of a predicted value from the base period model, sy, is used for the
first value, and the absolute value of the difference between the predicted
and reported yield in the test year, |d|, is used as the second variable.

A non-parametric (Spearman) correlation coefficient, r, is employed since the
assumption of bivariate normality cannot be made. A positive value of

r(-1 < r < +1) indicates agreement between sy and |d|, i.e., a smaller (larger)
value of sy is associated with a smaller (larger) value of Idl. An r value
close to +1 is desirable since it indicates that a small standard error of
prediction (and therefore a narrow prediction interval about the yield being
predicted) is associated with small discrepancies between predicted and reported
yields. If this were the case, one would have confidence in sy as an indicator
of the accuracy of Y.

MODEL COMPARISON

Pooled and Unpooled Models Are Ranked According to
Performance and Compared Using Statistical Tests

For the purpose of comparing pooled and unpooled Thompson-type models, three
of the indicators of yield reliability are ranked: the root mean square
error, the standard deviation and the bias. The model with the smallest
indicator value exhibits the best performance in terms of yield reliability
and is ranked 1. The other model is given a rank of 2. In case of ties,
both are given a rank of 1.

A statistical test has been constructed by considering that one model per-

forms better than another if its predicted yields, f's, are closer to the reported
yields, Y's, than the other model. The reliability of each model is related to
the absolute value of the discrepancy between reported and predicted yields.

Thus, where ld1| = lfl—Y! and |d2| = |§2-Y|, for models 1 (pooled) and 2
(unpooled), the statistic of interest is D = Idll" |d2|. The null hypothesis

to be tested is that there is no difference in the reliability of the two

models over the ten test years. This hypothesis is rejected if D is not close

to zero.

Two types of paired-sample statistical tests are used: a parametric test
using Student's "t'" test statistic and a nonparametric test using the Wilcoxon
signed rank test statistic. Both test statistics are used because the distri-
bution of D may not be a normal distribution. Also, the non-parametric test
will allow for the rejection of the null hypothesis if one model slightly, but
consistently, outperforms the other model; the parametric test will only re-
ject the null hypothesis if the average D value is large relative to its
standard error.



Indicators of Yield Reliability and Statistical Tests
Show the Pooled Model is Preferred

The model values and comparative ranks for the bias, root mean square error
(RMSE), and standard deviation (SD) are given in the Appendix (p. 38). In Towa
the pooled model RMSE and SD results rank first in an overwhelming majority of
CRDs and at the state level. For Illinois and Indiana there is less distinc-
tion between model results. Generally, the pooled models do better in Indiana
and the unpooled models better in Illinois. Biases are small in all models,
but the pooled approach does give a smaller bias in more CRDs and at state

and region levels than the unpooled approach.

Results of the parametric and non-parametric paired-sample statistical tests are
given in the Appendix (p. 39). Only three CRDs and the Indiana state results
show any significant difference between the pooled and unpooled models using the
parametric test. The pooled models give the better performance 1in each case.
With the nonparametric test results, more significant differences were found,
and in each case the pooled models were more reliable.

In summary, the pooled model method resulted in more reliable model perform-
ances than the unpooled model method in all three states. The remainder of
this report will deal with the evaluation of the Thompson-type pooled soybean
yield models.

MODEL EVALUATION

Indicators of Yield Reliability Based on d = ¥-Y Show Bias Usually Less Than
1 Quintal/Hectare and Standard Deviations Between 1 and 3 Quintals/Hectare

The CRD, state, and region values of indicators of yield reliability based on
d are given in Table 2. The bias is negative for nearly all models in Illinois
and Indiana. Generally, the absolute value of the bias is less than a quintal/
hectare in all CRDs with exceptions occurring in CRD 70 in Iowa and in CRDs

20, 30, 60, 80 and 90 in Indiana. These exceptions also include the only CRD
models with a relative bias greater than five percent. The root mean square
error is between one and three quintals/hectare in all CRDs for all three
states (Figure 2). The relative root mean square error varies from state to
state; in Iowa it is below ten percent in all but CRD 80, in Indiana it ranges
between six and thirteen percent, and in Illinois it ranges between eight and
eleven percent. Because of the relatively small biases, standard deviations
and relative standard deviations are comparable to root mean square error
values.

Only CRDs 20 and 60 in Iowa and CRD 70 in Indiana produced smaller standard
deviations and root mean square errors than the state models. Biases at the
state level were small and relative root mean square errors at the state

level were all less than nine percent. The state model did somewhat better
than the aggregated CRD results in Illinois and Indiana, but did slightly worse
than the aggregated CRD results in Iowa. At the regional level, aggregating
from states produced slightly more favorable results than aggregating from

CRDs.



Table 2
Indicators of Yield Reliability

Based on D = Predicted - Reported Yield

Thompson Model - Soybeans
Iowa, Illinois, Indiana 1970-1979
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T1

- i 1ls in quintals per hectare based
F 2. Root mean square error,(RMSE) for Thompson type soybean.yleld mode
teure og test yeags 1970-1979. Darker shades indicate CRDs with higher production.

IOWA, ILLINOIS AND INDIANA
CROP REPORTING DISTRICTS




Indicators of Yield Reliability Based on rd = 100d/Y Show
10 to 50 Percent of Years Have rd Greater Than 10 Percent
and the Largest rd Between 11 and 47 Percent

The CRD, state, and region values for indicators of reliability based on rd
are given in Table 3. CRD values are also shown in Figures 3-5. In Iowa,

no CRD had more than 30 percent of its test years for which |rd| was greater
than 10 percent. CRD 80 had the largest lrdl value of all (46.37%), but this
was the only test year for that CRD in which |rd| was greater than 10 percent.
In Illinois, one CRD had |rd| values greater than 10 percent in 50 percent

of the years. The largest ]rdl values ranged from 15 percent to 34 percent.
In Indiana, five CRDs showed 40 percent of the years with an |rd| greater
than 10 percent. The largest |rd| values ranged from 15 to 25 percent.

Over the three states, the range of the smallest |rd| values was zero to
three percent. The year with the largest Irdl value varied, but was most
commonly 1974 (see the Appendix section "Brief Description of Growing Condi-
tions for Soybeans in the Bootstrap Test Years" for more information on yearly
growing conditions and yields).

At the state level there is little difference between the state model and
aggregated CRD results in any of the three states. Likewise, at the region
level, the method of aggregation does not appear to matter.

Indicators of Yield Reliability Based on ¥ and Y Show Good
Correspondence Between Direction of Change in Predicted
As Compared to Reported Yields

Plots of the reported and predicted soybean yields over the ten-year test period
from the state yield models are displayed in Figures 6-8. The CRD, state and
regional values for indicators of yield reliability based on reported and pre-
dicted yields are given in Table 4. CRD values are also shown in Figures 9-11.

For most of the models in Iowa and Indiana, and for all models in Illinois,
the change of direction in predicted yields agrees with the change in direc-
tion in reported yields (from the previous year and from the three-year base
period) over fifty percent of the time. However, many of the Pearson correla-
tion coefficients between reported and predicted yields did not prove signifi-
cantly greater than zero at the 5 percent significance level. Non-significant
coefficients were found in four of the Iowa CRDs (20, 70, 80, and 90), three
of the Indiana CRDs (20, 40, and 90), and in Illinois CRD 30.

A review of Figures 6-8 shows that in both Indiana (1975-1977) and Illinois
(1970-1972) the predicted state yields are somewhat insensitive to higher
reported yields. In fact, the Illinois state model underestimates reported
yields in seven of the ten bootstrap years. In most cases the movement of
predicted yields (whether increasing or decreasing) does follow that of
reported yields. The greatest departure was in Iowa where predicted yields
decreased two quintals/hectare between 1974 and 1975 while reported soybean
yields increased four quintals/hectare.

12



Table 3
Indicators of Yield Reliability

Based on RD = 100 * ((Predicted-Reported Yield)/Reported Yield

Thompson Model - Soybeans
Iowa, Illinois, Indiana 1970-1979
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Figure 3. Percent of test years (1970-1979) the absolute value of the relative difference from the Thompson-
type soybean models is greater than ten percent.

Darker shades indicate CRDs with higher production.
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Figure 4. Largest absolute value of the
test years 1970-1979. Darker

relative difference from the Thompson-type soybean models during the
shades indicate CRDs with higher production.
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Figure 5. Next largest absolute value of the relative difference from the Thompson-type soybean models during
the test years 1970-1979. Darker shades indicate CRDs with higher production.
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Figure 6

Iowa State Model, Reported and Predicted Soybean Yields
for the Test Years 1970-1979 (Quintals/Hectare)
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Figure 7

Illinois State Model, Reported and Predicted Soybean Yields
for the Test Years 1970-1979 (Quintals/Hectare)

A = Reported Yield P = Predicted Yield
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Figure 8

Indiana State Model, Reported and Predicted Soybean Yields
for the Test Years 1970-1979 (Quintals/Hectare)

A = Reported Yield P = Predicted Yield
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Table 4
Indicators of Yield Reliability
Based on Reported and Predicted Yields

Thompson Model - Soybeans
Iowa, Illinois, Indiana 1970-1979
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Figure 9. Percent of test years (1970-1979) the direction of change from the previous year in yield as pre-
dicted by the Thompson-type soybean models agree with the direction of change in the reported yields.

Darker shades indicate CRDs with higher productiom.
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Figure 10. Percent of test years (1970-1979) the direction of change from the previous three years average
yield as predicted by the Thompson-type soybean models agree with the direction of change in
the reported yield. Darker shades indicate CRDs with higher production.
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Figure 11. Pearson correlation coefficients between reported yield and yield as predicted by Thompson-type
soybean models for the test years 1970-1979.

Darker shades indicate CRDs with higher production.
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At the state level there appears little difference between state models and
aggregated CRD results, although the state models do give slightly greater
correlation coefficients. Similarly, the method of aggregation does not
seem significant at the region level.

Precision During Independent Tests Cannot Be Predicted
From Indicators of Base Period Precision

Certain statistics generated from the regression analysis of the base period
data are often used to provide some indication of expected yield reliability.
However, these statistics only reflect how well the model describes the data
used to generate the model, i.e., fit of the model, rather than how well the
model can predict given new data. Therefore, it is important to compare
these indicators of fit of the model to the independent indicators of yield
reliability discussed in the preceding sections. In this way, one can see
how these base period indicators of fit of the model do or do not correspond
to independent test indicators of yield reliability.

One indicator of yield reliability, the mean square error (MSE), is the sum
of squared d values (d = ¥ - Y) for the independent test years divided by the
number of test years (Table 2). The direct analogue for the model develop-
ment base period is the residual mean square. The residual mean square is
obtained by first generating the usual least squares prediction equation
using the base period years. Then instead of predicting the yield for the
following test year, yields are predicted for each of the base period years.
The residual mean square is the sum of squared d values for these base period
years divided by the appropriate degrees of freedom (number of years minus
number of parameters estimated in fitting the model). Whereas one value of
MSE is generated for each geographic area over the entire test period, a
value of the residual mean square is generated for each base period corres-
ponding to a test year in that area. The low, high, and average of the base
period values for each area are given in Table 5. Because only one pooled
model is generated each year in each state for the prediction of CRD level
yields, all base period CRD level values within a state and year are the
same. Likewise, all base period state level values are the same each year
since they are the result of the pooled regional model.

The MSE values of Table 2 are also given in Table 5. 1In all but one case

(CRD 60 in Iowa) the independent test MSEs were greater than the correspond-
ing average base period residual mean square, and even larger than the highest
corresponding base period residual mean square. Obviously, use of the residual
mean square indicators of fit as indicators of predicted yield reliability
would be misleading.

Another indicator of yield reliability is the correlation coefficient, r,

between predicted and observed yields for the independent test years (Table

4). It is desirable for r to be close to +1. The analogue for the model
development base period is the square root of R2, the coefficient of multiple
determination. The square root of R2 (expressed as a proportion), R (0 < R < 1),
may be interpreted as the correlation between observed and predicted values of
the base period years. The low, high and average values of R for each geo-
graphic area are given in Table 6. As with the base period residual mean
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Table 5

Residual Mean Square As An
Indicator of the Fit of the Model

Thompson Model - Soybeans
Iowa, Illinois, Indiana 1970-1979
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Table 6
Correlation Between Observed and Predicted Yields As An

Indicator of the Fit of the Model
Based on the Model Development Base Period

Thompson Model - Soybeans
Iowa, Illinois, Indiana 1970-1979
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square indicators of fit discussed above, all base period CRD level values of
R are the same in a given year and state. The average values range from 0.91
to 0.96.

The Pearson correlation coefficient values from Table 4 are also shown in
Table 6. They range in value from 0.32 to 0.83. In every case the indepen-
dent test correlation coefficients were smaller than even the lowest base
period R values. Base period R2 values will increase with each additional
model parameter to be estimated. Every Thompson-type yield model estimates
14 parameters; this very large number may be an important factor as to why

R“ (and thus R) values are so high. Thus, the base period R values are over-—
estimating the independent performance of the models.

Models Are Objectively Defined and Used

The variables included in each model were determined at the time of model de-
velopment. To predict yield in a future year, calculated weather and "yield
with normal weather" values are used with estimated regression coefficients
derived during model development. These steps are all part of a well defined
and objective procedure. No subjective decisions are called for in adjusting
any of the model forms. Every model uses the same weather and trend variables,
and it is assumed that subsequent models in future years will continue to do
so. However, trend may need to be re-specified in order to keep up with the
current impact of technology on yields. This re-specification may involve sub-
jective decisions.

Some subjectivity was involved in the initial choice of weather variables to
use. Other possible weather and weather-related variables (such as evapo-
transpiration or available soil moisture) were not discussed.

Model Results and Scientific Evidence Suggest
Fewer or Different Input Variables Needed

The Thompson-type soybean yield models use two types of variables: (1) trend
(year) as a surrogate for technology and (2) weather variables expressed as
deviations from normal.

Trends terms are an important component of the Thompson-type yield models.
Technological changes have had important impacts on soybean yields over time,
but inclusion of technological variables into yield models are often impos-—
sible because of a lack of continuous, long-term data bases. For this reason
trend terms are used as surrogates for technological advances. The choice

of trend term determines the residuals of the trend which are assumed to be
dependent on the weather variables in the model. Therefore, if trend is
incorrectly handled in a model, results may be substantially affected.

As stated in a previous section, a "yield with normal weather" input value
was included in the Thompson-type models. This value was calculated in each
state and year by first regressing yields on a linear trend variable, year
minus 1929, and then multiplying the resulting trend coefficient times the
value of trend in that particular year. The decision to use the simple
linear term was based in part on a graphical review of yields vs. year over
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a five state region (Thompson 1970)., Figures 12-14 show plots of state level
yield vs year for Iowa, Illinois, and Indiana separately, and give no obvious
cause for rejecting a simple linear trend as appropriate. The numerical

values of the trend coefficients for the simple linear regression of yield

on trend for all CRDs and states using data through 1979 are listed in the
Appendix (p. 40). Trend coefficients ranged from 0.23 to 0.42 in Towa while in
Indiana and Illinois the range was only from 0.23 to 0.32. There is no

readily avallable scientific explanation for this higher rate of increase

in soybean yields due to technology in Iowa.

Thompson also justified the use of a linear trend based on fertilizer applica-
tion practices and varietal improvement history. According to him, soybeans
have benefited more from the residual effects of fertilizer on corn than on
direct application, and that an even more important influence than fertilizer
on soybean yields has been the development of improved varieties. Because of
this cultural background, it is argued, yield increases have been slow and
steady rather than piecewise or curvilinear. These relationships are possibly
true, but no other references or sources are quoted by Thompson.

Entering trend and weather as distinct variables in a single regression equation
does not clearly separate the impact of weather and non-weather influences on
yield. More research needs to be done on alternate methods of distinguishing

the effects of weather and technology. -

The Thompson-type soybean yield models use monthly weather data. The monthly
weather data available on a climatic division basis are total precipitation
and average temperature. Total precipitation over several months is also
derived. A long term '"mormal" or average is calculated for each monthly pre-
cipitation, monthly temperature, and accumulated precipitation over several
months, and hese normals are subtracted from each monthly (or cumulated
monthly) value to arrive at departures from normal. One set of normals was
calculated at each state level for use in the pooled state models; i.e., for
calculating departures from normal at the individual CRD levels within each
state. Similarly one regional set of normals was calculated for use in the
pooled regional model and was used to calculate departures from normal at the
individual state level. This method of calculating "pooled" normals instead
of calculating normals individually by CRD and state was done in order to
closely adhere to the Thompson approach. A comparison of bootstrap coeffi-
cients developed using the two different normals (not given here) showed
little difference in value as a result of using either form of normal.

There are several problems inherent in the use of monthly weather data. One
of these stems from the association of a monthly weather figure to large areas
such as states or CRDs. It is assumed that the weather data are representa-
tive of the entire area over the entire month, when in actuality the weather
may be representative of only a small subsection of the area or

a portion of the month. Another problem arises from the fact that monthly
divisions may have little correspondence to the beginning or ending of growth
states in crop development, which in turn specify the changing temperature
and moisture needs of the crop. Both of these problems will show large year-
to-year fluctuations as well.
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Figure 12

U.S.D.A. Reported State Soybean Yields for Iowa
1950-1979 (Quintals/Hectare)
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Figure 13

U.S.D.A. Reported State Soybean Yields for Illinois

1931-1979 (Quintals/Hectare)
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Figure 14

U.S.D.A. Reported State Soybean Yields for Indiana
1936-1979 (Quintals/Hectare)
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In the Thompson-type models both the linear and the quadratic components of
each departure from normal weather variable are included. The inclusion

of the quadratic terms was done because weather variables were assumed to

be related to yield in a curvilinear pattern (Thompson, 1970). This assump-
tion, although undefended, seems reasonable. For instance, it is likely that
reductions in yield will occur during times of drought as well as during
times of excess moisture.

The state and regional models were run using all data through 1979. 1In the
Appendix (p. 41) is a table listing the resulting model coefficients and their
significance levels. 1In every model there were three to five weather vari-
ables which were not significant. 1In most cases this included July and August
temperature variables. It is known that monthly rainfall and temperatures are
negatively correlated with each other in many situations; extremely high tem—
peratures are usually associated with droughts. Thus, late season rains (July
and August) which are important to crop yields (coefficients are positive and
significant) provide enough information about the crop growing conditions as
to make temperature variables unnecessary. However, June temperature coeffi-
cients are positive and significant as well, showing that soybeans respond to
early season higher temperatures (before flowering). Also, all significant
squared weather variables, whether precipitation or temperature, were nega-
tively signed. This is in keeping with Thompson's assumption about the use

of quadratic forms (noted above). Because these squared term coefficients
were so small (on the order of 103 to 10'6), it would take large departures
from normal to significantly and adversely affect predicted soybean yields.

The stability of the signs of the coefficients over the bootstrap testing
period were also reviewed. In a majority of cases the coefficients which
fluctuated in sign (positive and negative) over the ten year test period
were not significant when data through 1979 were used to develop the models.

A variety of possible methods for variable selection is now available. Based
on the evaluations of these models and other scientific evidence, it is prob-
able that soybean yield models could be developed that would need fewer
weather variables for input and would better reflect agronomic and meteoro-
logical interactions.

Thompson-Type Models Could Be Easily Developed
To Predict Yields in Other Geographic Areas

These models were originally developed by Thompson to model yields on a five-
state regional scale and have since been applied to state and CRD levels.

They could be developed for any geographical region for which yearly yield

and monthly weather data were available. Because of the large number of input
variables involved, a long-term time series of data (probably at least 25
years) would be necessary for adequate results. Using the Thompson approach
to model development, no changes in model form would be necessary. The models
evaluated here used climatic division weather data. The number of weather
stations per division varies; in Indiana, for instance, the range is from
seven to nineteen. Comparable results may be less stable in areas with fewer
weather stations (county level for instance).
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Timely Estimates Can Be Made Using Approximated Weather Data
And/or Assumed Normal Weather

End-of-year yields can conceivably be predicted as early as September in the
harvest year but this would be dependent on the availability of the weather
data. It normally takes about three months after the end of a month to re-
ceive that month's average temperature and total precipitation at the climatic
division level from the National Climatic Center in Ashville, N.C. Estimates
of these climatic division values can be prepared earlier; these weather data
approximations could be used in the model equations in the first week of the
month following the month for which the data pertains.

If within-season yield forecasts are desirable, a combination of approximate
monthly data estimates for past months and assumed normal weather for months

yet to come can also be used to give rough predictions of yield.

Thompson-Type Yield Models Are Not Costly to Operate

Operational costs of running these models for Iowa, Illinois and Indiana are
not high. The monthly data (average temperature and total rainfall) are cur-
rently prepared for other users on a routine basis, so that conceptually the
cost could be shared. All that is required to obtain the yield predictions is
to have someone responsible for acquiring the weather data and performing

the regression equation calculations. The necessary computer programs are
written in SAS and could be run on a computer system having that capability.
Because the pooled state models were developed with nine times as many obser-
vations as the individual CRD models, and the pooled region models with three
times as many observations as the individual state models, more computer
memory would be required to develop the pooled models using SAS procedures.

The more expensive part of the process is the maintenance of the historic
agricultural and meteorological data bases. The maintenance of the data
bases requires the part-time efforts of persons familiar with meteorological
data, agricultural data, and the computer system being used. The re~develop-
ment of the models in future years, incorporating recent yield and weather
data, would require someone skilled in regression methodology.

It is difficult to say how expensive it would be to develop a model for a
geographic area other than Iowa, Illinois, and Indiana. The availability and

form of the weather and yield data would be the determining factors.

The Models Are Easy to Understand and Use

The variables contained in these models are very simple and straightforward,
both to understand and use, as the form of the models is always fixed. Calcu-
lating the departures from normal is perhaps the most difficult task but can
be done easily with a simple computer program. Once the historic weather and
yield data bases are created, they can be saved and used repeatedly to re-
calculate departures from normal and re-develop models in future years.
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Standard Errors of Prediction Provide Poor Current
Measures of Modeled Yield Reliability

The CRD and state values of the Spearman correlation coefficient between the
estimate of the standard error of a predicted yield and the absolute value
of the corresponding difference between the actual and predicted yield were
computed and are listed in Table 7. The CRD correlation coefficient values
are displayed in Figure 15. Most of the CRD models produced negative corre-
lation coefficients, and only three of the correlations were significantly
greater than zero at the 5 percent significance level (CRDs 20 and 80 in
Illinois and CRD 20 in Indiana). The largest positive coefficient was in
I1linois CRD 80 (+0.64). Correlation coefficients for the state results
were similarly low; only Indiana had a correlation coefficient significantly
greater than zero. Thus, the use of s2 as an indicator of model predicted
yield reliability 1s not appropriate.
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Table 7
Current Indication of
Modeled Yield Reliability

Agreement Between Base Period Predicted
and Test Year Reported Accuracy

Thompson Model - Soybeans
Iowa, Illinois, Indiana 1970-1979

_ SPEARMAN
STATE CRD CORRELATION COEF,
1OWA 10 -0.38
40 "'0025
30 -0.10
"‘0 "0.20
50 0.13
60 -0.,33
70 0.14
&0 -0041
90 '0.15
STATE MODEL -0.19
ILLINOIS 10 0.38
20 0.63
JO -0021
@0 '0.04
S0 0.06
o0 0.19
70 0.40
80 0,64
90 0.53
STATE MODEL 0.20
INDIANA 10 -0.,05
c0 0.58
30 0.20
40 0.21
S0 ' ’0.10
bo | "002‘0
0 | 0.48
80 -0.35
90 0,33
STATE MODEL | 0.60
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9¢

Spearman correlation coefficient between the estimate of the standard error of a predicted value from

the Thompson-type soybean base period model and the absolute value of the difference between predicted
and reported yield in the test years 1970-1979.

Figure 15,

Darker shades indicate CRDs with higher production.
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APPENDIX

Model Comparison Based on the Root Mean Square Error
Standard Deviation, and Bias (all in Quintals/Hectare)

Derived from Independent Test Years

Thompson-Type Soybean Yield Models
Iowa, Illinois, Indiana

MODEL
Pooled Unpooled Pooled Unpooled Pooled Unpooled
State CRD : RMSE Rank RMSE Rank : SD Rank SD Rank : Bias Rank Bias Rank
Towa 10 2,20 (1) 3.73 (2) 2,00 (1) 3.64 (2) -0.93 (2) -0.80 (1)
20 ©1.43 (D) 2.67 (2) 1.43 (1) 2.55 (2) -0.11 (1) 0.78 (2)
30 11.73 (1) 1.80 (2)  1.64 (1) 1.79 (2) -0.57 (2) 0.17 (1)
40 " 1.81 (1) 3.68 (2) ©1.80 (1) 3.65 (2) | 0.10 (1) -0.48 (2)
50 " 1.63 (2) 1.34 (1) © 1.57 (2) 1.23 (1) © 0.41 (1) 0.55 (2)
60 °1.30 (1) 2.41 (2) | 1.15 (1) 2.40 (2) T 0.61 (2) 0.21 (1)
70 0 2.17 (1) 3.82 (2) 1l.64 (1) 3.64 (2) | 1.42 (2) 1.14 (1)
80 ©2.30 (1) 3.05 (2) ©2.30 (1) 3.02 (2)  0.02 (1 -0.41 (2)
90 ' 2.09 (1) 4.21 (2 [ 2.07 (1) 4.09 (2) -0.28 (L) -0.96 (2)
State Model :1.58 (1) 1.99 (2) :1.55 (1) 1.92 (2) :=0.31 (1) 0.52 (2)
CRDs Aggr. :1.46 (1) 1.76 (2) : 1.46 (1) 1.75 (2) :0.00 (1) 0.07 (2)
Illinois 10 f 2.14 (1) 2.26  (2) f 2.07 (1) 2.26 (2) -0.55 (2) -0.00 (1)
20 7 2.30 (1) 2.81 (2)  2.28 (1) 2.73 (2) -0.34 (1) -0.64 (2)
30 T 2.52 (1) 2.63 (2) = 2.41 (2) 2.27 (1) -0.72 (1) -1.33 (2)
40 °2.33 (2) 2.31 (1)  2.30 (2) 2.20 (1) -0.37 (1 -0.71 (2)
50 °2.11 (2) 1.92 (1)  2.06 (2) 1.79 (1) -0.45 (1) -0.71 (2)
60 2.21 (2) 1.88 (1) ' 2.08 (2) 1.51 (1) -0.75 (1) -1.11 (2)
70 0 2.10 (2) 2.02 (1) 1.9 (2) 1.73 (1) -0.80 (L) -1.04 (2)
80 ©1.78 (1) 1.90 (2) [ 1.78 (2) 1.77 (1) 0.02 (1) -0.68 (2)
90 " 1.83 (2) 1.68 (1) 1 1.79 (2) 1.65 (1) | 0.38 (2) -0.32 (1)
State Model :1.63 (1) 1.98 (2) :1.61 (2) 1.55 (1) :=0.28 (1) -1.24 (2)
CRDs Aggr. :1.92 (2) 1.78 (1) :1.86 (2) 1.60 (1) :-0.48 (1) -0.78 (2)
Indiana 10 31.82 (1) 2.24 (2) 1.66 (1) 2.18 (2) -0.73 (2) -0.50 (1)
20 °2.55 (2) 1.81 (1) 2.26 (2) 1.79 (1) -1.18 (2) -0.31 (1)
30 12.56 (2) 1.99 (1) [ 1.92 (2) 1.51 (1) -1.69 (2) -1.30 (1)
40 °2.45 (1) 3.29 (2) ©2.29 (1) 2,90 (2) -0.88 (1) -1.55 (2)
50 ©1.85 (1) 2.56 (2) T 1.79 (1) 2.44  (2) -0.47 (1) -0.79 (2)
60 " 2.36 (1) 2.50 (2) 1.73 (1) 2.22 (2) -1.61 (2) -1.14 (1)
70 " 1.38 (1) 1.79 (2) [ 1.38 (1) 1.79 (2) ©0.07 (2) -0.02 (1)
80 ©1.94 (2) 1.70 (1) ' 1.61 (1) 1.70 (2) [ 1.07 (2 -0.04 (1)
90 2.32 (2) 1.97 (1) 1.97 (2) 1.73 (1) ; 1.22 (2) 0.93 (1)
State Model :1.57 (1) 1.95 (2) :1.57 (1) 1.95 (2) +=0.03 (1) 0.08 (2)
CRDs Aggr. :1.76 (1) 1.93 (2) :1.60 (1) 1.79 (2) =0.74 (2) -0.72 (1)
Region : : :
CRDs Aggr. :1.50 (2) 1.47 (1) :1.47 (2) 1.40 (1) :+0.33 (1) -0.44 (2)
States Aggr. :1.45 (2) 1.35 (1) :1.43 (2) 1.31 (1) =0.23 (1) -0.33 (2)
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APPENDIX

Model Comparison Based on Paired-

pooled Models

Sample Statistical Tests
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APPENDIX

Coefficients of Trend Terms From Regressions of
Yield on Trend Using Data Through 1979*

CRD Iowa Illinois Indiana
10 0.39 0.29 0.31
20 0.38 0.25 0.28
30 0.42 0.27 0.23
40 0.32 0.30 0.30
50 0.32 0.27 0.30
60 0.38 0.28 0.26
70 0.30 0.24 0.32
80 0.23 0.30 0.26
90 0.30 0.25 0.29
State 0.34 0.25 0.29

* Data from Iowa is for years 1950-1979; data from Illinois is for years
1932-1979; data from Indiana is for years 1937-1979.
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APPEN

DIX

Model Coefficients and Significance Levels for Thompson-Type
Using Data Through 19797

State and Region Models

Indiana

Iowa Illinois Region
Variable Coefficient s.L.t Coefficient S.L. Coefficient S.L. Coefficient S.L.
Intercept 0.77 3.01 *kk 2.40 Fkk 2.38 *kk
Yield with normal weather 1.02 *kk 0.89 *k %k 0.92 *kk 0.92 *kk
Cumulative precipitation 2.1E-3 *kk -2.8E-5 2.8E-4 9.5E-4
(Cumulative precipitation) -3.1E-5 *h% -6.6E-6 *kk -7.2E-6 *kk ~-1.0E-5 *kk
July precipitation 2 0.02 *kk 0.02 *kk 0.02 *kk 0.03 %k
(July precipitation) -3.9E-5 * ~1.0E-4 k% -1.7E-4 *kk -1.5E-5 *kk
August precipitation 0.01 k% 0.02 %k & 0.02 *kk 0.02 *kk
(August precipitation)?2 -5.2E-5 ok ~2.9E-5 -1.2E-4 *kk 5.1E-5
June temperature 0.30 hkk 0.10 *k 0.14 k% 0.19 **
(June temperature)? -0.04 * -0.08 *khk -0.05 k% -0.11 k&%
July temperature -0.02 -0.17 *kk -0.08 -0.08
(July temperature)? -0.02 0.01 ~0.01 0.04
August temperature 0.06 -0.01 -0.04 0.07
(August temperature)?2 -0.09 ok -0.05 Kk -0.05 * -0.07 *

t - S.L. stands for '"significance level"

* - gignificant at 0.10 level
** - gignificant at 0.05 level
*k% - gignificant at 0.0l level

y - Data from Iowa is for years 1950-1979; data from Illinois is for years 1932-1979; data from

for years 1937-1979.

Indiana is




Year

1970

1971

APPENDIX

Brief Description of Growing Conditions for Soybeans

State

Iowa

Il1linois

Indiana

Towa

Illinois

Indiana

in the Bootstrap Test Years

Description

Yield same as record 1969 level. Production up 4%.
Planting well ahead of average.

Dry conditions in west, mid June to early August.
Wet harvest conditions cause field losses.

Small crop insurance claims for drought.

Yield down 7%%, record harvested area up 2%.

Heavy April rains in north and central delayed
planting.

Crops in good condition most of season.

September rains cause late harvest.

Dominant variety is Wayne, followed by Amsoy.

Yield and production down 47Z.

Harvested area down 17%.

Wet soils hindered planting.

Heavy August and September rains also delayed harvest.

Yield same as record 1970 level. Production down 37%.
Planting well ahead of average.
Cool, dry weather during May slows crop development.
June rain and warm weather help crops to make

normal progress.
Dry conditions during midsummer stress soybeans.
Early harvest. Small crop insurance claims for

hail and drought.

Yield up 6%, record harvested area up 5%.

Record production up 127%.

Planting over early.

Lack of extremes in temperature bring ideal grow-
ing conditions.

Harvest ahead of normal.

Yield up 6%, production up 97%.

Harvested area up 3%; all are new state records.
Dry cool spring with mild drought.

Planting completed early.

Harvest also ahead of schedule.
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APPENDIX

Brief Description of Growing Conditions for Soybeans
in the Bootstrap Test Years

Year State Description
1972 Iowa Yield up 11%, production up 21%.

Rains delay planting.

Season noteworthy for hail losses and flood losses.
24 tornadoes during season.

Harvest season one of worst on record.

Small insurance claims for hail and excess moisture.

Illinois Yield up 4%%, production up 10%, harvested area
up 57%; all are new state records.
Planting normal.
Dry June weather.
Summer moisture adequate.
Cool temperatures all summer.
Rain slowed harvest.
41% of planted area sown in 37-38" row widths.

Indiana Yield down 11%, production down 37%.
Record harvested area up 9%.
Planting occurred on schedule.
During season south was dry, north had excess
moisture,
Harvest far behind schedule - only 60% completed
by end of year.

1973 Iowa Yield down 67, production up 22%.
Planting slow due to rain.
Wettest year since 1902.
Growing season cooler than normal but longer.
Harvest season delayed due to rain but one of finest.
Small crop insurance losses due to excess moisture.

Illinois Yield down 77%.
Record production up 8% and record harvested area
up 197.
Heavy spring rains delay planting.
Growing season temperatures normal with above
normal precipitation through July.
Harvest on time.

Indiana Yield up 7%, record production up 247%.
Record harvested area up 16%.
Surplus spring moisture slows planting.
Harvest on normal schedule.
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Year

1974

1975

APPENDIX

Brief Description of Growing Conditions for Soybeans

State

Iowa

Illinois

Indiana

Iowa

Illinois

in the Bootstrap Test Years

Description

Yield down 18%, production down 24%.

Heavy rains in May and June.

Hot, dry weather in late June and July.

Unusually early frosts in September.

Erosion and flooding worst in years in the eastern
part of the state.

Small crop insurance losses due to hail.

Corsoy, Amsoy and Wayne are major varieties.

Yield down 247%, production down 287 (lowest
since 1967).
Heavy spring rains and late freeze delay planting
very late.
Cool temperatures most of summer, dry late summer.
Early September rains and freeze delay harvest.
Wayne, Williams and Amsoy dominant varieties.

Yield down 267%, production down 307%.

Harvested area down 9Z.

Lowest yield and production since 1967.

Heavy May rains slow planting.

Hot, dry July. _

Extremely early fall freeze catches 40% of crop
still in immature stages.

Yield up 217, production up 19%.

Frequent rains delay planting.

Late June rains in the central region cause flooding.

Six consecutive weeks of hot, dry weather in July
and August.

Ideal harvest weather.

Small insurance losses due to drought.

Wayne now 2nd most popular variety behind Corsoy.

Record yield up 50%.

Record production up 467%, harvested area down 3%.

Planting completed early.

Growing season temperatures normal and precipita-
tion above normal.

Dry, warm fall weather allows harvest to finish
well ahead of normal.
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APPENDIX

Brief Description of Growing Conditions for Soybeans

Indiana
1976 Iowa

Il1linois

Indiana
1977 Iowa

in the Bootstrap Test Years

Description

Record yield up 32%, production up 25%.

Harvested area down 7%.

Excellent early planting weather.

Growing season conditions bring abundant rainfall
and optimum temperatures.

Early fall weather dry and sunny, producing early
harvest.

Yield down 9%, production down 16%.

Dry mid-May for good planting.

June and July warm and dry.

Hot, dry weather later slows development.
Early harvest due to weather.

Small insurance loss due to drought.

Yield down 8%, production down 177%, harvested area
down 9% (lowest since 1972).

Planting ahead of normal.

Growing season mostly cool and dry; precipitation
10" below normal (especially NW, NE, and west).

Harvest completed early.

Williams now dominant variety, Wayne drops to second.

42% of planted area sown in 27"-30" row widths.

Record yield up 1%, production down 8Z.

Harvested area down 107.

Most favorable planting conditions in several years.
Spring and early summer cool and dry.

Some moisture stress in late summer.

Harvest underway early.

Williams is dominant variety, followed by Amsoy.

Yield up 15%, production up 26%.

Coldest winter in Iowa history.
Herbicide damage causes some replanting.
Grasshopper damage occurred.

Crop stress in June and July.

Cool, wet weather delays harvest.

Small insurance claims due to drought.
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APPENDIX

Brief Description of Growing Conditions for Soybeans
in the Bootstrap Test Years

Year State Description

Illinois Record yield up 15%, record production up 35%.
Harvested area up 17%.
Planting ahead of normal.
Growing season generally cool and wet.
Heavy fall precipitation reduces quality and
delays harvest.

Indiana Record yield up 8%, record production up 29%.
Harvested area up 187%.
Weather extremes occurred over state.
Early summer had some drought.
Harvest delayed by wet, cool weather.
Williams still dominant variety but only by small
percentage over Amsoy.

1978 Towa Yield up 6%, record production up 13%.

Cold, wet spring delayed planting.

Excellent June and July growing season conditioms,
with above average July moisture.

Hot, dry weather in early fall promotes crop
maturity.

Excellent harvest weather.

Corsoy, Wells and Williams are most popular varieties.

Illinois Yield down 12%, production down 8%%, record har-

vested area up 47.

Planting extremely delayed by heavy rains.

Growing season generally cool and dry with tempera-
tures 3° below normal.

Harvest normal to early.

Williams and Amsoy dominant varieties.

467 of planted area in 27"-30" row widths,

Indiana Yield down 77, production down 17%.
Harvested area up 17.
Wet fields slowed early planting.
Growth slow over early summer.
Excellent harvest conditions.
Williams dominant variety.
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Year

1979

APPENDIX

Brief Description of Growing Conditions for Soybeans

State

Iowa

Illinois

Indiana

in the Bootstrap Test Years

Descrigtion

Yield same as 1978, record production up 8%.

One of worst winters on record.

Wet, cold soils delay planting but later progressed
rapidly.

Harvest ahead of schedule.

Small insurance claims for hail.

Yield up 157%, production up 217%, harvested area up
6%; all are new state records.

Planting starts late but finishes early.

Weather during growing season slightly cool with
normal precipitation.

W, C, and SW had slightly less moisture.

Normal to early harvest.

Yield up 4%, record production up 107%.

Record harvested area up 57%.

Cold wintery early spring weather slows planting.
Summer rains also heavy in parts (10"-16").

Cool autumn weather allows for early maturity and
harvest.
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*No standard error of prediction values were calculated for aggregated
CRD or state results.



SeEe
D RD PRED.

YIELD (Q/H)
YEAR ACTUAL PRED.

CRD

STATE

PODVDONINNITMT S
MIMNNI SIS
EEEEEERYX
it et et et g gt e et e ek

IN O ONIRP e~ OMIN
* & 0 ¢ & 50 0 00
SNV R P OM e
L I ] L |

~\OMON D $ OO0\ S
R )
~OOOMONNOO
[ R | 1

MO MO~ Nt
RN
M OINOMNMNONO
NN

T N=INMNROON
@ 8 © &6 ¢ 0 0 0 0
3 OOIUN S O M temtP= D
[AVIaVIQ VG VI 1oV T4 ¥ o VT4V V]

O~ TN OO
N M NN NS
o Yo Yo Yo Xe X o Yo Yo X

Ll L L L Lo Lo Lo o Lo |

50

IOWA

MR R=MOMNLTLN MO AINIONMN™M
MIMIIITIIOT S MIMNIITNIOT S
® & 8 &8 0 0 5 0 0 ® & & 0 & 080 0 O
—t L L Lo p— i (\Jrt =t
Vo TA VI Vo lVeT g Yo B0 Jp ¥ ) 3OS OMNMDOOIM S
® 6 0 0 8 8 9 90 ® © O 0 0 8 00 0 0
s =~ WD O M) et LN =t D OrtP= 0O -FONIN
[ ) L e I ] I )
J IO M=t D =t N MMM =y OO0 O
@ & &6 6 0 0 0 e & 6 ¢ 0 0 00 0
n.vn.VOJACO?_OlO 0104513420
-t S\t O et (MYt O (%) Rt OO ~O M
® & & 8 ¢ 0 & & 0 o0 ® & & & 5 0 o0 80
< SO O OIOLE =3 IOIUNLN
[a¥ IV Ia V4 VIANTQ VI VTA Vg R[4V} NONNNINNINING
NMOLTIMNDONO OO MOMD M~
® & & ¢ 6 0 6 0 0 0 o ® & o 5 00 0 0 0
< 3 OO0 SN0 —tr=—t (et 00 © OMNI T
NN~ NN~ N
O = NM T INOMDO N O\ SN OO
|t nad e e i e e e g e S el S v e e e
[o X 0 Yo Yo To Yo Yo o Yo Yo (0,00 280 o \To Xo Yo Yo g0 Yo

g ped gmaf pund g ety g o= =i

o
Fe X

e gl e gty e proah e e gt

(=4
P

S N O et = MM
T INMNI IS

e ® & & 6 0 & 0 0 0
o gl gl g gty g peee) g el

O I N THOALN M

o9 000 00000
O M~ O =N O
~0 8t [ ]
[}

NSNS N

o & & 0 0 8 0 0 &
Nt Ot DO OO
1108 ' ]

NN DD

® & & 5 6 060 0 0 @
DR P OR~D
et ot (\J et =t =t (\J =4 (\J (\J

~O 3T OOVTNNONS
R RE X
N—=NOMAPROOCTHN
NN~~~

M INONDO
o N N e o
fo YooY Yo Yo X s Yo Xa No

el g gl p gl g ol e} g =d

(=]
o o]

49



SeEe
D RD PRED.

YIELD (Q/d)
YEAR ACTUAL PRED.

CRD

STATE

MO DD~ ~ANIOF ™
NIEMIIIINTL
se 0 esevose
=t ettt b ot et et et et

SHOVNOND~OD N
e s s 0 co000 e
Land®ade 1t e T lag Iag IV o XX ¢
L B AoV | J i

SO EINNONOM
REEEREE YN
=t OO Ot
LI I B ] L | '

FINMOSNMA O~
® & & & 0 0 ¢ ¢ 0 0
= (\J O et (Y NN
NN

= MMNAOOOD S
s e 00 s 00000
MM 2 ~DNNT (O
NN~ NN

O =NM T INO~D
egle gt to T o Yo Yo Xo 0o To )

Laadan Lol T L Lo L T T ]

90

IowA

~INARONNIRO~
—~SN~ONNNO NN
oo e 0 es e
el e T T e

POONIINTON DD
® ® & o 0 0 0 0 8¢ o
N OUWNOIND O retret 4 (\J
Sl 4 ]

] '

MNNN~NNS $ -

P e e evses oo
~N~OoMNOCoOoO
LI I | [ | 1

O~OFO OO

e & & o 0 5 9 0 0 0
oMM ~Oo OIS TN
[QVE TANIQVIANTA NI N7 VTo N TN

O NODOVNIN
® & & ¢ 6 0 0 5 0
—trt 3 OJOO ) OMNIN
AN~ OO O

O~OIM T NOND O
O .
e e Yoo e X0 Yo Yo Xo X

g el gl pa =t e el ) gt =4

STATE MODEL

Lt =2 Nede Yoo o] o X 4
s e0 000000
TONOVDODMOO
L B e | 1 [}

PONT NN~

® & & & ¢ 60 00 0
OCr4rtMO~OO O
[ A | ] ] ]

OrmiOINMM DO =+
e & &6 & ¢ 00 2 s 0
—~ =) =~ SO OMUNDLN
NN NS

RN DODNN
s 000 e0eessocoe
~~.3 DO NOMINLD
NN OIS

O~ S DOD O
o S N W
[ Yo e Ne X6 X2 Yo ¥o X X0 3

el gl pamsl) gt el pmnd sl gumad et yunnd

CRDS AGGR.

50



YIELD (Q/H) Se.E.
YEAR ACTUAL PRED. D RO PRED.

CRO

STATE

O ONNINOMMSN~ON
NN M™)
R EEEEER]
e gt et gt gt gk ot gt

N DODINAD DO

R I I

SN~ IO

[ IOt § o~ 0 8
! !

NN 3 ON— OO
R EREX
[ 2 I R N B B B |

NFOMNMND TN
e 0000 s 00
M I~ =M F D
AN NNY

JOINOIMMNO~
s o0 e 0000
M M3 OO
NN~

O~ TN O~DON
[a T Lo Yo L6 Lo Yo 1o Yo Lo )
P len T L L Lo L L L o ]

10

ILLINOIS

O NUIMOND OO
NN MMM ™M

* o 8O 0P s
Lo an Do L o Lo Lo L P T ]

DI OO OO~ @D

ee 0e e e o0

DNMMNIO NN N

[} 100~ []
] ]

AN~ OO —
® ® & 00 0 0 0 0
0.00n.u31-¢01,_w1?_

'

O —MN— O
® & 9 &0 8 00 0 0
O\ |O O rtrt—t 3 $
[aNTANToNTANTQ VT4 NN T4 N 1o W] V]

CUOTOONIN®

e css v s e e
~O N\t LN SN0
NN~

OmNMFINODO
N O S
fo Yo Yo Yo Yo ¥e Yo X. X X

Lo lan Lon Lo Lo Ko Lo o Lo 2o

=]
AV}

T ~OMANONIN~ DN
NN MMM ™
R N R N I I )
e, gt g e e s e g et el

ANFONFOOOM
® 0 ¢ & 5 0 0 0 8
et DF =ONINOO
Vbt Mot § 1~

[N ] ] ]

NOOOSMOVONRN
R R R B B
oNN~NNONON
(I [ !

ONIOR-EN~OONS
e s 00000 00
ONle= M) =N N T
[AVTANTQNToNToNToVToN o VIoN T4 Y]

~MNOOVOMOD O~
csses s
MDD NN~
ALOIOINS = OISO

ONM SN ONDO O
N e N N N N
fo ¥s No X0 X0 ¥e Yo ¥o Ne Yo

el e ponad prnl Pl god o gl et o4

o
™M

ottt () I = UL
NNNANINMOOMM™M

o gend Y Y

~NOF =HNORNNO
LI I I I I I O )
MRV O TN F O™

LI I Nt T O I | ]

3 et LN ONND
® & @ ® 0 0 OO
OO marmt(\J O

[ ) [ I | ]

TN O~NNO
EEEEXEEERN
ML OAUNDTINON
[AVIa VoV o VT NI VEAN T VIaN o V]

[T K 4o o] P P T I e ]
s 000 s 000
NUNNO OO0
NN~ OSONINININ

Om\M T NONDO
e N e e
fa ¥ Yo e ¥o X Yo Yo Yo Yo

Ll L L L P L L U L |

(=]
L 4

51



S.E.
PRED.

RD

0

YIELD (Q/H)
YEAR ACTUAL PRED.

CRO

STATE
ILLINOIS

O~ ~~IOO
ANINNNNMME ™M™
o e 0 0000000
et et et o ot ) gt et ek

A= AN S DNV O N
e e s 000 e
Nt M I ~NONN
bt 8t N 0—

' t

NSt ™M OMO NN
® ® & & & & 0 0 & O
OMmiOF NNOO
[ A | 111

NollaslTale B g g £ U3
e s 0000000
NN — 3 SN
NN NI N

~N IO~
e s 000 esc e
MNF OISO~ O
(AVIAVIGNTGVE S [aN g Vg UV ig Y]

O NM - OO
[N N A R Y N Y
[o2Y e Yo Yo Yo Yo Xo 00 o 00

L laa fan L Lo P P P Lo L

50

~OoOOMMONNID M~
NANNNNMYMM MM O

® & ¢ 8 &0 00 0
=g et gt el gd pf gt e ol

OO NP
LS S R N Y B A
~ O D= O
LI A VI B N B |

[}

FOOMNOIFONN
eeeceoceoo0 e
ONNOM i~ O

(I ] 1 '

J M OMSMMSMNTD D
L W IR
et (Ut ) M N F
AN

COMOOVMOVRN

R EEEEEEERI
)3 OUP- T ONO NI
NN =N

O M FNODO
N N N
s Yo Yo Yo Yo Yo Yo ¥o Xe Xo

) ) gt )yt g gl e} 0=

=]
O

Ot S OUMN O et -t
NN S
® & & © ¢ & ¢ 5 ¢ O
e rond g gk god gt roeef el gl =t

ANDF N~ OUOIN— T
” & & » 0 o & @ ¢ O

[AVTagIa ViV e To Yoo Tag IS X goo]

LI N B B e Lo [ ]

SO RN —
® & @ & & ¢ ¢ & 0 0
OON~NONMON
AR R

AP OV—~RNIEI~DVO
RN
N~ ODOTONM
ot ommt et =t =4 (\J = S OU O

MO ONOMNON =

* & & & & 0 & 5 00
0O e~ DN = O\JF —LN
—t et O\ et =t O\ OISO

O~NM S NO~OR
I e e e e N
[o %0 Yo N0 No Yo Yo ToyTo Yo

L Lo Lo Lo L P o L L T

[=]
~

ORPOINONINM I~
NN MM ™)
e o eec e e 00
ot gt ek ot e et o 5o et

M ratiDINAA L IN~N O
® &6 & & 5 ¢ & 0 ° O
DO e -F B NJ et O
t 8 o~ ——~}

(AU Jaololag Nol ot o 1o VI
s s ce e 0o e
=t QOO NI =N
{ ] [ I | !

DO~DV~O VM TN
e o000 e e o0
VORI ROttt
ot gt ettt =4 (] =2\ JO\J (\J

ONONT O IM
¢ o000 0 0000
OO NN
et et (\J et =t (\] e\ Pt (\J

O\ L NOMD R
[N N N NS R .
OO OO

) g g g gl g gl pomse] g gl

[=]
0

52



SeE.
PRED.

RO

D

(/1)
PRED,

YIELD
YEAR ACTUAL

CrRO

STATE

oroMmNoOoONNIO D
N=NNINM MMM ™M

® 6 &6 ¢ 05 50 0
g et el gl ot el g g g et

ag TaNTo, [aplo YaV{aVTe Yo o Fo )
s 000000000
~ 0 ~NOIFNINNO
[ IR AVIN B B oV

1

NDNOOLNON 3

e o 00000
L} 1

W ANNOONIM e OO

TaladselVellole o] ute Yo ko

Ll Lo L o F e L T T

VNSO =M O
* & 0 0 0 & 0 0
WO ONMONDVON N
) gt gt e poned e e (N =t (\)

O—IMIF N OO
N NN S W
fo X0 Yo Yo Yo e Yo Xo Yo Y 8

vl e gt g e el ot el yod el

90

ILLINOIS

SINMIN~DDOI D
et et e\ (N =t et (V) ot ymt
o 00 0000 00

g g gt i

QOO0 DO Ol N A (NI
s & 8 0 06 ¢ > 9 0 0
~ DN~ S NN S
LK I BV I B | [}

NONNOOMNF M~
e 000000000
O et =t O M) o O ettt
t 4 [} t

O OO~ I ~
e v e0 00000
O OO N—-T NN
[4VIAVIaV 4 VA VTN (g VIgN g N{q V]

QO NN NINO NN
e e es e 00 e
O NM—1O 3 INAIND
NN~ OO

O IM FUNOM DO
N N W
o Yoo Yo No Yo No Yo Yo Yo 8

o] gl e ol gl gl g e et ol

STATE MODEL

NAD O F NN

® ® 6 & & & ¢ 5 & @

OSINNMMNS TS D

P N b~
'

=N N D Ot i
e & & ¢ & & 0 0 0
O rmt et O () =) et =t
[ A | [ 3 2 ] ]

NONOVS T ONDOLN
® &6 & 8 0 & 0 0 0 O
OO mtrt © (et UM F
NN NN

DN AINON N
e s 00000000
ONM—nD T NNNIND
NN — O

O JM T LN DD O
N e e
fo No Yo Yo Yo Yo Yo Yo ¥e Xo

) gl gl e gyl g el ok et

CRDS AGGR.,

53



SeEe
PRED.

RD

D

INDIANA

{(Q/4)
PRED.

YIELD
YEAR ACTUAL

CRO

STATE

MNOMCS~I DA™MD
~= OO ™M
® & & 8 6 9 0 0 0 0
ot el el o] g ] gl g ] =t

WN~NF OOMNIMNY

e e e 00 00090

VN =T O F N~ N

it —t—t | o~ [ ]
! ]

M EMe—DM™M
¢ ® & 0 & 0 & 0 0 0
~et O ONI N =M O
(I ] [ | ]

MN—FOONNNOO
o6 000 00800
O rtrtrmtN O rtr=t™M M)
NN~

MDD~ OO
® 0 & & & ¢ 0 ¢ 0 o
OO M CULNAILN
N TN AT VNV

=M -FNO~D O
e e e N N
fo.Ye Yo Yo Xe Yo Yo Yo ¥o X §

el red) ol e o ol gl gl et et

10

Nole Y Tlo Jealo QVologTag BN 4
= (= O SO N (N )
e 6 6 & & & & ¢ 0 O
L L C L L e e e e T ]

T Or=MM~ORINNED

¢ e e 0000 e e

NS ONO~OM O

[N} ~O\J b~ ]
L] 1

DN~ ON N

® & @ ® 6 o 0 ¢ ¢ o
Qe O N 3T O N
(I ] [ B | I

NOVDVOXMVONM —

s ses e e
COOMND~ONM
[QVEANTa VIQ VP Ta NI W o N T4 N |

SN0 OUN~O DO

¢ & ¢ & & 0 @ 6 0
O et =N YOI et LN
[AVIAN 2 TaVE L TaV{a Vo V1o W N}

D~ FNONO O
o N N N e
fo .o Yo Yo Yo Yo Yo Yo Xo Xo

=t gl et el = el e et el el

o
N

S~ DB ONOM S
= (e IO N M
s e s e s 0080
It et b et ot et et et

[=TsVTaTe YoaTe FU IV I g0 )

® & » ¢ & ¢ & 0 ¢ 0

DN OSONINDND ettt (B

1~ ~~0\J § §
] [ )

O~ OoNTINM-2

es 000 e oo e
—~NCO~MNNON
[ L I I I |

MO~ NINOT O
® 8 5 0 6 ¢ 0 O 0 0
WPt OO C
et et (\J =t ot = O\ O\ S

AN~ ONNM

e s 0 00000
OO OCINC NI
(U= = U IO N

O OMF OO
N N
fo Yo Yo Yo Xo o Yo Yo Yo Xo

Len L e Lo Lo L F L T P

=’
™

~nooIinHINO St >
lnlan AV IAVIAVIAVIANE gog B

® & & & ¢ 50 s 0 o
=t =t g ol ) gy ] e

MO~ NODON
® & ¢ 6 ¢ 5 ¢ 0 0 O
T NNMNTONFONN
[ ] AJ ) ——t

] 19

ONNOMAOM T ONN-

e s 00000000
~MooMNMIOC
LI | 1

NDO~AM DO Ot
® & & & » &0 0 0
SO —MP = O —NLN
NN~

NOovITIINTNOWN T
® 000000000
~F ~ONMIINF S
NN N =~ O NS

D= F MO~ D
[N N N N NN .
(o3¢ Yo ¥e Yo ¥o Yo Yo Yo Yo !

ol e g e et ol e ] g el

D
4

54



Se.E.
PRED.

RD

D

INDIANA

(Q/H)
PRED,

YIELD
YEAR ACTUAL

CRD

STATE

M~ DNOWNMINNUN
~e=t NN D) 3

® & & 8 085 00 00
Ol gl e g el ¢t el ] gumf

[o a3 Jo T Tog TWoTe P2 nTK 4
® @ & 0 8 0 5 0 e

OANNID O LM O
~— ~ -

NDONPMONINM e~
e v eceecocoe
L] ]

M) et N = DO MONO D
e e s s 0000
Nmt—t-F SOUMMO N
NN

PO 00 T LMD
cee s e 000
g O OOV
OO = IO

O~NM-FUNONO O
[oaY e Yo Yo T e Y0 Yo Xo Yo X0 ]

fan Lo Lo o Lo L o L T T ]

20

DO OMIUNSM™M
rt =t (\J =t O LI D LD
o & & 0 0 & 0 0 0
P g e e el g gl g el g

OR MM AHNI I
® & & & 6 & 9 0 0 @

TaladepTag ks gVe PoTe e Tog Yo
et § | ity |

DO FMDOO
e & ¢ 0 0 0 0 0
~MNOOOMNITOO
N ERE

~F OO OO
o o8 000000
OO ONM
et ot et (Nt ot et et (N (\J

~ NN AILNAUNLN
> 5 & 0 000 00
© =0 ~\O OUmsMM N
NN~ O\t U OUOU O

O =M FNONDOR
N N
Lo e Yo Yo Xe Yo Yo Yo o Xe)

Lo Laaa Lo Do o T Lo B Lo e ]

(=
O

MM RO -F NN
ot = ~O\ILNOU NI MO
® &6 © 6 ¢ @ 6 06 &9
el Lae o L L o Lo o E o ]

INNODOIRMIND O
o s e s e
QONOV =~ NINIS

01 0~

—t et et Dt F ~ OO O
EEEEEEEEN
SS-ingigy

DN PO OUNN—
EEEEEEEEN
~ OO~ OGO Y

T FOOF O =D

o @ 0 & 0 0 0 0 9
O = UM = f\)
ot O\ ety =4\ U OUS O O\

O NI FINOND O
ol o st ] L O
oY e 1o To To Yo o N0 X0 Yol
Lanlan Lan Lo Lo Lo ol Don Lo ]

]
~

Lt A VTAURC 25 gC JUQTe of
LanlanTon (AVEC JaV gV oo Tog Bt 4
ecees o000
et et gk g et g et ot et

ON~NODINOMD O

o0 e s 000000
MIM~ONM T ~M
I —~0InNL e~

~DON T OO

s @ & 0 0 & 0 0 0 0
ococNMoOMOoO oo
! ) [}

L od=lo te oIS STAE TN o

® 0 00 00 0 e 0
TORTOORONT
et (\J et et =t =t (\§ VS O\

MO MIUN —4P =M O

OO OVNR~ON
et et et et et et P\ (N ot

O~\MFNOMNDVR
[N N N NNy
[saX0 47070 To Yo Yo 00 Yo Yoyl

[l e L L Yo Lo P P T ]

(=]
0

55



SeEe
PRED.

RD

D

INDIANA

(Q/H)

YIELD
YEAR ACTUAL PRED.

CrRL

STATE

PN M F N
r—— O NI N ™M
® &6 9 6 &6 &6 & ¢ ° @O
gt g g g et g} roesd gt el o

~ OO DDOIAD D
e o0 000 00 s
~ONL NN

—\J 8 —t—

ettt DN

s e s s 000800

MM O ON~MM
(I}

~OOND T —~DO~NO
e s s 0 e 000
OOV OMM™M
et (\} et et et =t =t (N U O\J

NS —MNO DO

[o ale TVolVa T o S TaN T Yo
ot e o o et oot (\ ] (\ ] oot et

Ot FINO-O O
D e
fo Xo N e Yo Yo ¥o N Yo Yo ¥

P L L L L L Lo o L Lo ]

90

WAUIN DN OMNDOPN
€ et v ot ot (\J =4 (\J =4 ()
e e 000 008000
et et et gt et et et et yed =4

o I N @ 1aVTo Yoo Jo YoVl g
e 5 00 & 8 & 0 &0
NP TN TON
[ ] —~5 s

O AR M0 0~

® o 0o 0 0 0 00 00
Ot O O (\J rt ot =t =t (\J
[} [ I |

AN O~ (et (™M 3
s @ ¢ 6 5 8 8 & 0 O
O OONR M-I O
(AN A VTN[{ VI ToNTa VI o NIa VN

DDV NONN
® ¢ &8 &6 &8 & ¢ 0 0 o
ONO~ONNT L
NN~ — NN

O mNMFNONOD
N e e N N
o No Yo X5 Yo Yo Yo Yo Yo Yo

e L L e e P Lo Lo o]

STATE MODEL

ARODM =DM NDUN
se 00 e 0 v

NONOIMORD TN
[ ] —~t - t
J

O OOMNSNW-OO
s e v e o e 00
ONOCO~N—MOO
11 1t [}

AN NN OO

R R R N
OO Ot
NN — NN

ONDNON NN

R EEE I
ONON — O NN M-S
[QVIAV T [aN T TaVEqVIQV] oV 4 Y]

D= SN0

CRDS AGGR.

56



S.E.
PRED.

RD

)]

D D D e Gy D A ey P e DD D U Gy e G D R Y D an G Uh AL S D R D G T G AR s W AP O D S e W TS g A W e

REGION

YIELD (Q/H)
YEAR ACTUAL PRED.

CRrRD

STATE

F ARINHNDIN DN
s s 000000 00
NI ONDM™M
Tt t— t

WM =g Mt~
e @ a0 & 0 0 0 &
O OOM~MONOO
1yt [ | '

N OOV D~ D
® © ¢ o 8 & ¢ 0 0 @
OC mtrCONI~NI$ T
NN NN

e DD T 0D 0N
® o 8o @ 08 & 8 s o
OISt M= 3 MLN
NN~

O=NM SO~ N
PN N NN
o Yo Yo Yo Yo Yo To To Yo To

el g g oo o el el ol 7t =4

CRDS AGGR.

MOND F ~-NOD

EEEEREENE X!
MOMHNDOMMMO
e =~

N~ OONOICND O O

e s es 000
OO CMmOOO0O
[} Tt

NN D NOOMM

o ¢ & & 5 058 &0
SO\ O i 3 T LN
AN

(N~00 ¢ -+ OO 0N

e ¢ o8 ¢ &6 8 8 & o
OSSP M) =3 IUN
OO = NI NI

O \IM FNON~D O

STATES AGGR.

57

“ U.S. GOVERNMENT PRINTING OFFICE: 1982- 360~931:SRS-768



SeEe
PRED.

RO

D

YIELD (Q/H)
YEAR ACTUAL PRED.

CrL

STATE
INDIANA

[ e Yoo TaoTaa IS LVl ol
— =\ LI M )
® 6 9 & & 8 08 00
] gt g guard el g gt et el ot

~OMODDNUIPRDD
s e s e s s 0 e
~UNONT OGN

~ny P V——

N ==t (N OMHN ¢

® & 5 & & & 8 6 ¢ &

MM OON~MM
tt

~OONNO $ —~DOM-NO
e s 0000 0 080
OO OMM
et (\J it et et et =t (\JOJ )

OM r=i N0 D OO

QOMONM M~V
ol o gased gt gt o 0\ | (\ ) =t =t

S—IM FNO~00
o e e N e
[, Yo Yo Yo o Yo Yo X0 Yo

o Lo L L Lo Do Do Do Too Do

90

WAHN DN OO
€ vt ety et (\J =t (\J =4 (")
e s 00080000
g gl el grenl gy g gl gl el =

IO DROIN —
e o e 00 0000

N3 S NI
[} —~ 80

O~ AN MAD 0 ~N

e e oo o000
O et O ON] et et et = (\J
[ | 1

(AT e Y=L Tap AN T Tag B 4
® @ © & 8 & 5 & & 0@
OSOONRN =M IO
NN~ NN

BNV NONIOINN
e e 000 0s 0
ONRN = O NN NS
NN =~ NI

O=NMFNON~DO
I N N N
o ¥o Yo Yo Yo Yo Yo Yo Xo Yo

et g e o g el ] ot el et

STATE MODEL

PROOM~DOR NN
ee et 0000
NOMMON BT NIN
[ ) ~ 0~ L

VOOV 00
s s ece e e oo
ONOC~NMCOCO
t (I ]

NS VN N0
ee e v e s oo e
OO O ma) O mtrtl) (™M)
NN~

ONDONONA NN
R EEEEEREE
SN —ONNT ML
[QVIGN T TaV T [a VIV g VgV o V]

O\ F LN OO
I N N N N S
oo OO

Ll L L T L D P P T

CRDS AGGR.

56



SeE.
PRED.

RD

- e G Dy Y Gy P T e WP A Dot TGP U WS ED Gh LGS SR OB O o T YD G B P D D IR A W T T -

REGION

)

YIELD (Q/H)
YEAR ACTUAL PRED.

CRD

STATE

FRARMAUNOINM O
e e s o000 s 0

ADM O NDMM
Tt~ t

(Talaa 1o LK Jog Tolog T e
o o 68 0 ¢ 00 0 0
S OOM~ONOO
(BN | "Vt ]

N~ OO = tNMND

* 0 & 5 6 5 & & & O
OCmraC NI~ I T
AN NN NN

00 00T T 00O

MR EEEEEREEXE
=t OO =t M= -3 TN
(VI VTG NT NI g VI Vg VgV V)

O~OIM FNOMDORN

CRDOS AGGR.

MOPD I ~~OMD

EEEEEERXEX]
MOBMNDDMMMO
Tty —~utt

N~ RO IR OO N

o000 e s o 0
OO OMmOOOC
[ I | ree

WDNAT ONOO M~

sees s e e
O OO mirmt-3 S LN
NN

N\ ~000 3 3 DO O
s eo00 0000 00
OIS~ IOV

O\ T NON D O
N N N N N
oo Yoo Yo Yo X6 Yo Xe ¥o

P T o o Lt Lo Lo Lo L Lo |

STATES AGGR.

57

%: U.S. GOVERNMENT PRINTING OFFICE: 1982-360-93):SRS-768



	page1
	page2
	page3
	titles
	Evaluation of the Thompson-Type Yield Models 
	YMD-1-4-1(82- 07.2) 


	page4
	page5
	titles
	4 


	page6
	page7
	page8
	tables
	table1


	page9
	page10
	tables
	table1


	page11
	page12
	titles
	• • 


	page13
	tables
	table1


	page14
	titles
	80 90 

	images
	image1
	image2


	page15
	page16
	tables
	table1


	page17
	images
	image1


	page18
	titles
	lOgo 
	IOWA, ILLINOIS AND INDIANA 
	CROP REPORTING DISTRICTS 

	images
	image1
	image2


	page19
	images
	image1


	page20
	titles
	YIELD 
	I 
	I P 
	I P 
	I 
	I 
	I 
	---+----+----+----+----.----.--~-+----+----+----+-~ 
	YEAR 

	images
	image1


	page21
	titles
	YIELD 
	I 
	I 
	I P 
	I 
	I 
	I 
	I 
	---+----+----+----+----+----+----+----+----+----+-- 

	images
	image1


	page22
	titles
	YIELD 
	, 
	, ~ 
	I 
	I 
	I 
	, 
	I 
	I 
	I 
	, 
	, 
	I 
	~--+----+----+----.----+----+----+----+----+----+-- 
	yEAR 

	images
	image1
	image2


	page23
	tables
	table1


	page24
	titles
	80 go 

	images
	image1
	image2


	page25
	images
	image1


	page26
	titles
	80 90 

	images
	image1
	image2


	page27
	page28
	tables
	table1


	page29
	tables
	table1


	page30
	page31
	page32
	titles
	26 + 
	12 + 
	11 + 
	--+--~~+----.----.----.----.----+~---+----.-~--+~---.- 


	page33
	titles
	24 + 
	21 + 
	17 + 
	-~+--~~+----+----+----+----+----+----+-~--+----+----+- 
	1 1 1 1 1 1 1. 1 1 1 1 
	YEAR 


	page34
	titles
	If 
	I 
	--+---~+----+----+----+----.----+----+----+----+---~+- 


	page35
	page36
	titles
	33 


	page37
	page38
	titles
	-------------~---I----------------------- 
	I 
	I 
	IOWA 

	tables
	table1


	page39
	images
	image1


	page40
	page41
	tables
	table1


	page42
	tables
	table1


	page43
	tables
	table1


	page44
	titles
	* 
	** 
	** 
	* 
	* 

	tables
	table1


	page45
	page46
	titles
	43 


	page47
	page48
	page49
	page50
	page51
	tables
	table1


	page52
	tables
	table1


	page53
	tables
	table1


	page54
	tables
	table1


	page55
	tables
	table1


	page56
	tables
	table1


	page57
	tables
	table1


	page58
	tables
	table1


	page59
	tables
	table1


	page60
	tables
	table1


	page61
	tables
	table1


	page62
	tables
	table1



