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ABSTRACT

The CEAS models evaluated use the basic input variables of year and monthly
average temperature and total precipitation to predict corn yields in Iowa,
Illinois, and Indiana. Historic trend, meteorological and agroclimatic
variables are constructed. Stepwise multiple regression techniques are
used to develop both pooled and unpooled models; neither form of model out-
performed the other. Evaluated yield reliability at the state level indi-
cated model bias between one and four quintals/hectare and standard deviation
between five and seven quintals/hectare. The models are objective, easy to
use and understand, and are not costly to operate but would need redevelop-
ment in future years or in other geographic areas. More evidence is needed
to show that model results are consistent with scientific knowledge.
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FOREWORD

This nepont 4is one of a senies of crop yield model evaluation reponts being pre-
pared by various staff membens at the Joint USDA/NOAA/NASA Modeling Centern 4in
Columbia, Missouni. In this initial series of evaluation neponts, two alternative
and potentially competing models are being evaluated for each of the following
crops:  dpring wheat, barley, corn for grain, and soybeans. The evaluations for
spring wheat and barley are being made gorn Nonth Dakota and Minnesota, while
soybean and corn models arne evaluated for Indiana, 1&&inodis and Towa.

Following the evaluation reponts, and based upon thein findings, a senies of
model comparison neponts are being prepared. These neports (one fon each crop)
will compare the alternative on competing modefs fon each potential application.

The previousfy pubfished neponts in these senies are €isted below:

0o "Evaluation of the CEAS Trend and Monthly Weathen Data Models fon
Spring Wheat Yields in Nonth Dakota and Minnesota,” by Jeanne L.
Sebaugh (USDA]).

o "Evaluation of the WilLliams-Type Spring Wheat Modef 4in North Dakota
and Minnesota," by Sharon K. LeDuc (NOAA).

o "Companison of CEAS and Williams-Type Modets gorn Spring Wheat Yields 4in
Noath Dakota and Minnesota," by Tom L. Barnett (NASA).

0o "Evaluation of thie CEAS Model gon Barnley Yields <in Nonth Dakota and
Minnesota,"” by Tom L. Bawmett (NASA).

o "Evaluation ¢f the WiLLiams-Type Model fon Barley Yields 4in Nonth
Dakota and Minnesota," by Tom L. Barnett (NASA).

o "Companison of CEAS and WiLliams-Type Barley Yield Models for Nonth
Dakota and Minnesota,” by Sharon K. LeDuc (NOAA}.

0 "Evaluation of the Thompson-Type Yield Models forn Soybeans in Towa,
128.inois and Indiana,”" by Richard A. Kestle (USDA).

These neponts have been, and the nemaining neponts in these senies will be, pre-
pared in suppont of tasks in the Yiefd Modef Development Project of AgRISTARS.
AgRISTARS is an acronym fon "Agricultune and Resources Inventony Surveys Through
Aenospace Remote Sensing.”" Tt is a multi-agency progham to meet some cuwurent
and new Linformation needs of USDA,

Wendell W, WiLson, Head

Vield Evaluation Sectlon

Vield Research Branch
Statistical Reseanch Divisdion
Statistical Reponting Senvdice
U. S. Deparntment of Agricultune
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Evaluation of the CEAS Trend and Monthly Weather
Data Models for Corn Yields in Iowa, Illinois, and Indiana

Richard A. Kestle

SUMMARY

The CEAS models were developed by stepwise multiple regression procedures

to predict corn yields in Iowa, Illinois, and Indiana. Historic trend,
meteorological and agroclimatic variables were constructed from the basic
input variables of year and monthly average temperature and total precipi-
tation for inclusion in the models. Bootstrap testing was performed to
obtain indicators of yield reliability and current measures of modeled

yield reliability for pooled state models and individual CRD and state models.
Direct comparisons based on several of the yield indicators of reliability
were made, and neither the pooled or unpooled models were found to outper-
form the other. Both were evaluated in this report.

Indicators of yield reliability show that at the state level the bias is
between one and four quintals/hectare and the standard deviation between
five and seven quintals/hectare. The models are objectively defined and ap-
propriate for short-term use but will probably need redevelopment in future
years. More evidence is needed to show that the approach taken by the model
developer and the model results are consistent with and reflect scientific
knowledge. The models would need to be redeveloped for use in other areas.
Timely yield forecasts during the growing season could be made with approxi-
mate climatic division data. The models are not costly to operate, but re-
development costs would need to be considered in future years. Users can
easily understand and operate the models. The standard errors of prediction
computed by the model do not provide a useful current measure of reliability
of the model predicted yields.

DESCRIPTION OF THE MODELS

The corn yield models evaluated in this report were developed by the Climatic
and Environmental Assessment Services (CEAS) (LeDuc, 1980) in order to pre-
dict crop reporting district (CRD) and state level yields in Towa, Illinois
and Indiana. (CEAS is part of the National Oceanic and Atmospheric Adminis-
tration (NOAA) within the U. S. Department of Commerce.)

Statistical regression techniques and historic crop and weather data were
used to develop the models. The basic historic variables included year,
yield in quintals per hectare, monthly average temperature (T) in degrees
centigrade and total monthly precipitation (P) in millimeters. A number of
weather-related variables are derived from the monthly temperatures and



precipitation. Several trend terms (functions of year) and the weather vari-
ables were available for inclusion in each CRD or state model. Final model
variable selections were made by stepwise regression procedures. A list of
the variables included in each state and CRD model is included in the Appen-
dix (pp. 51-53).

Along with individual CRD models developed separately in each CRD and state,
an "All CRDs" or "pooled" model was also developed for each state in order to
predict yields at the CRD level. This model assumes that "the technology
increases are the same for each district as well as . . . a similar effect
on yield due to the weather variables' (LeDuc, 1980). Indicator variables
representing CRDs in a state are included in the models to allow for higher/
lower levels of yields in some individual CRDs.

Some of the meteorological variables included in the models are simple averages
of temperatures or cumulations of precipitation over two or more months.
Others are defined as deviations from a previously defined variable's long-
term 1932-1980 average. These 'departures from normal" (DFN) may be entered
into the models as linear or quadratic (squared) terms. No temperature vari-
able is included in any model as a DFN. However, average temperature during
the July through August period does enter the Illinois CRD 70 and 90 models,
and many of the Indiana CRD models (CRDs 10, 20, 40, 70, 80 and 90). The
I1linois state model has the only simple precipitation DFN term; it is entered
as a linear term for May. Many other models have some form of a cumulative
precipitation variable included. This variable enters into models as a linear
term in the Iowa CRD 10 model (cumulative precipitation from September through
July), the Iowa pooled model (cumulative precipitation from September through
June), and the Iowa CRD 20 model (summed June and July precipitation). Cumu-
lative precipitation is also included as a squared DFN term, either cumulated
from September through June (Iowa CRDs 50 and 60, and Illinois CRD 10 and
pooled models), or cumulated from September through August (Illinois CRD 80
and Indiana CRD 90 models).

Besides the meteorological variables already described, other agroclimatic
variables were also derived. These were felt to be representative of the
impact of moisture and heat stress. Moisture is supplied by water stored in
the soil and is replenished by rainfall. Moisture is lost from the available
soil water directly through evaporation and indirectly through transpiration
from the plants. Actual evapotranspiration (ET) is defined as the actual water
loss by transpiration from the leaves and by evaporation from the soil surface.
Potential evapotranspiration (PET) is defined as the maximum possible ET

which would occur if soil moisture over a large area were not a limiting fac-
tor. An approximation to the monthly PET is calculated using a procedure
developed by Thornthwaite (1948). The calculations require the current

and ''normal" monthly temperature and the latitude of the geographic location.
ET can then be calculated as a function of PET, monthly precipitation, and

the contents and capacity of a soil moisture budget. The soil moisture budget
is maintained according to Palmer (1965). Evapotranspiration which is con-
sidered to be 'climatically appropriate for existing conditions" (CAFEC) is
computed as oPET, where a = ET/PET and ET and PET are long term averages for

a particular month. This quantity indicates the value ET would have to have
in order to be in its historic ratio to PET.



Several quantities are calculated from these moisture stress variables for
inclusion in the corn yield models. They are: (1) the ratio of ET to
CAFEC(ET), (2) the difference between P and PET, (3) the ratio of P to PET,
(4) cumulative PET over several months, (5) average ET during a several
month period, and (6) the ratio of cumulative July-August P to cumulative
July-August ET.

PET can be thought of as indicating the crop's demand for moisture while ET

or P can be thought of as indicating the supply of moisture. Thus, quantities
(2) and (3) are measures of the relationship between -supply and demand. Mois-
ture stress is indicated if quantity (2) is more negative and if quantity (3)
is close to zero. Since CAFEC(ET) represents the value ET should be if it

is to have its "normal" relationship to PET, moisture stress would be re-
flected if quantity (1) is close to zero. Quantities (4) and (5) are straight-
forward indicators of the demand for, and availability of, moisture, while
small values of quantity (6) also indicate moisture stress.

As mentioned previously, the Appendix lists the variables included for each
model. Quantity (1) appears in several models for May, June, July, and
August. Quantity (2) appears in several models for July and August. Quantity
(3) appears in several models for May, July, and August. Quantity (4) appears
in the Iowa CRD 70 model for July-August, and in the Iowa pooled model for
April-May. Quantity (5) appears only in the Indiana pooled and state models,
and quantity (6) appears only in the Indiana CRD 20 model.

Lincar trend terms defined on the year number are used as surrogates for tech-
nological advances. Iowa and Illinois models use a single trend term, defined
as year minus 1950, which allows for a linear increase in yields due to tech-
nology from 1951 to 1980. Three trend terms, however, had a possibility of
inclusion in the Indiana models. One allows for a linear increase in yields
from 1930 to 1980, the second allows for a linear increase between 1930 and
1951, and the third a linear increase from 1951 to 1980. The first two terms
are included in Indiana CRDs 20, 40, 50, and 60 models, and the pooled and
state model. The first and third terms are included in the Indiana CRDs 10,
30, and 90 models. The third term is the only trend term included in the
Indiana CRDs 70 and 80 models. Whenever the second or third term is included
with the first term in the same model, the sign and magnitude of the model
covfficients will determine whether the contribution to yield from technology
has increasced or decreased during overlapping time segments. When the third
trend term is used in the model alone, contributions to yield from technology
are considered nil for the 1930-1951 time period.

A preliminary list of meteorologic and agroclimatic variables that were be-
lieved to have some association to corn yields was drawn up prior to model
development. To be included in any model, however, the variables had to

meet several requirements. First, they had to be linearly correlated to de-
trended yields. Second, after stepwise regression was performed, the result-
ing variables were '"'screened . . . with regard to the physical interpretation
of the selected variables and their estimated coefficients." Thus, only one
of several closely related variables may have been kept, or a variable would
be discarded because the sign of its coefficient was "contrary to the assumed
relationship' between it and yield (LeDuc 1980).



State and individual (unpooled) CRD models are currently being operated

by NOAA. The Modeling Center Staff decided, however, to compare the pooled
models with the unpooled models at the CRD level. This action led to the
evaluation of both types of models.

To develop CRD level data sets, published CRD level corn (for grain purposes
only) yield data of the Statistical Reporting Service (SRS) and Climatic
Division (CD) weather data of NOAA are used. For Iowa, Illinois, and Indiana,
CD boundaries exactly match those of CRDs. To develop state level data sets,
weather variables and yields at the CRD level are weighted by harvested area
and aggregated to the state level.

Weather and yield data from 1932 to 1979 were used to develop Indiana models.
For Iowa and Illinois, however, corn for grain yields are only published as

far back as 1956 and 1954, respectively. 1In order to increase the number of
years of data available for evaluation purposes, a "special' Iowa and Illinois
corn for grain data set was used to extend the weather and yield data set for
each state back to 1950 (Kestle, 1982). 1In this "special" data set, harvested-
for-grain areas were estimated based on relationships between areas harvested-
for-grain and areas harvested-for-all purposes. Iowa yields were actual for-
grain yields, but in Illinois yields for all purposes were used. While CEAS
model developers did not have access to these extended years of data when

first developing the corn yield models, major differences between model develop-
ment and model evaluation coefficients due to these extra years of data are

not expected.

In all three states, the crop year of 1970 was eliminated from model develop-
ment because of the effect of corn blight on yields. The 1970 crop year was,:
therefore, also eliminated during model evaluations.

EVALUATION METHODOLOGY

Eight Model Characteristics To Be Discussed

The document, Crop Yield Model Test and Evaluation Criteria, (Wilson, et al.,
1980), states:

"The model characteristics to be emphasized in the evaluation process
are: yield indication reliability, objectivity, consistency with
scientific knowledge, adequacy, timeliness, minimum costs, simplicity,
and accurate current measure of modeled yield reliability."

Eachi of these characteristics will be discussed as they pertain to the CEAS
trend and monthly weather data corn yield models.



Bootstrap Technique Used to Generate Indicators
of Yield Reliability for Comparison and Evaluation of CEAS Models

Indicators of yield reliability (reviewed below) require that the parameters
of the regression model be computed for a set of data and that a yield pre-
diction be made based on that data for a given "test" year. The values
required to generate indicators of yield reliability include the predicted
yield, ?, the USDA estimate of the actual harvested yield, Y, and the dif-
ference between them, d = Y-Y, for each test year. It is desirable that

the data used to generate the parameters for the model not include data

from the test year.

To accomplish this, the "bootstrap" technique is used. Years from an earlier
base period are used to generate parameter estimates for a prediction equa-
tion. Values of the independent variables in the test year following the base
period are inserted into the equation to produce a predicted yield for that
year. Then, the test year data are added to the base period and a new pre-
diction equation and predicted yield are generated for the following test year.
This process is continued over a ten year period (1971-1980) producing ten
yield predictions independent of the data used to fit the model. The earliest
year in the base period for Indiana is 1932, and for Illinois and Ilowa, 1950.
Thus, for example, in Indiana the data base period extends from 1932-1969

(38 years) for the development of the prediction model in test year 1971

(crop year 1970 having been omitted), from 1932-1971 (39 years) for the de-
velopment of the prediction model in test year 1972, etc.

Although the data used to estimate model coefficients and predict yields do
not include the test year itself, predicted yields are not entirely independent
of the data from the test year, in most cases. This is because the model de-
veloper used all available data (through 1979) when first developing the
models. Nine of the bootstrap test years were thus included in the data set
used to determine the variables retained in the final models and the trend
specifications. This situation is difficult to avoid since it is both unre-
alistic to suggest the model developer create ten different models for each
CRD and state, and to ask the model evaluator to recreate the variable selec-
tion and trend specification process, which does include some subjective de-
cisions, accurately ten times. The result is that the bootstrap testing
procedure can not test the performance effectiveness of the models in future
years when redevelopment may need to be reconsidered because of changes in
trend and/or the expansion of the data base.

Table 1 shows the average production and yield over the ten-year test period
for each state and CRD. The table also contains the percent production each
CRD contributes to the state production total and the percent production each
CRD contributes to the three-state region production total. The percentage
of regional production for each CRD is shown graphically in Figure 1. Darker
shades indicate higher average production.

Separate models were derived at the CRD and state level for each state. The
CRD models have been labeled "unpooled" in the tables to follow. Pooled
models for each state were also derived to predict yields at the CRD level.
These models have been labeled "pooled" in the tables to follow. To derive
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Figure 1. Production of corn by CRD (1971-1980 average) as a percentage of the regional total.
Darker shades indicate CRDs with higher production.
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the state models which predict state level yields, weather and agronomic
data were aggregated from the CRD to the state level using a weighted aver-
age based on harvested area. Predicted yields at the state level were also
calculated by obtaining a weighted average of CRD level predicted yields.
No pooling of state data was performed. Therefore, the state model results
are identical whether reported along with the pooled CRD results or the un-
pooled CRD results. Finally, predicted yields at the region level were
obtained by calculating weighted averages (using harvested area) of the CRD
predicted yields and of the state predicted yields. Results obtained by
aggregating from the state level are identified as 'state aggr." Results
obtained by aggregating from the CRD level are identified as "CRDs aggr."
Although models were developed to predict yields before and during the grow-
ing season, they were not compared or evaluated in this report; only the
reliability of the end-of-season models is examined here.

Review of Indicators of Yield Reliability

The Y, Y and d values for the ten-year test period at each geographic area may
be summarized into various indicators of yield reliability.

Indicators Based on the Differences Between Y and Y (d=§—Y) Demonstrate
Accuracy. Precision and Bias

From the d value, the mean square error (root and relative root mean square
error), the variance (standard deviation and relative standard deviation), and
the bias (its square and the relative bias) are obtained.

The root mean square error (RMSE) and the standard deviation (SD) indicate the
accuracy and precision of the model and are expressed in the original units

of measure (quintals/hectare). Assuming the d values are normally distrib-
uted, it is about 68% probable that the absolute value of d for a future year
will be less than one BMSE and 95% probable that it will be less than twice
the RMSE. So, accurate prediction capability is indicated by a small RMSE.

A non-zero bias means the model is, on the average, overestimating the yield
(positive bias) or underestimating the yield (negative bias). The SD is
smaller than the RMSE when therc¢ is non-zero bias and indicates what the RMSE
would be if there were no bias. If the bias is near zero, the SD and the
RMSE would be close in value. For the purposes of this report, a model with
bias close to zero is preferred.

Indicators Based on Relative Differences Between Y and Y (xd=100d/Y)
Demonstrate Worst and Best Performance

The relative difference, rd, is an especially useful indicator in years where
a low reported yield is not predicted accurately. This is because years with

small observed reported yields and large differences (d) often have the larg-

est rd values.



Several indicators are derived using relative differences. 1In order to
calculate the proportion of years beyond a critical error limit, the number
of years in which the absolute value of the relative difference exceeds a
critical 1imit of 10 percent was counted. The critical limit of 10 percent
was used based on earlier investigations made by Sebaugh (1981). The worst
and next to worst performances during the test period are defined as the
largest and next to largest absolute value of the relative difference. The
range of yield indication accuracy is defined by the largest and smallest
absolute values of the relative difference.

Indicators Based on Y and Y Demonstrate Correspondence Between Predicted
and Reported Yields

Another set of indicators demonstrates the correspondence between reported
and predicted yields. It is desirable for increases in reported yield to
be accompanied by increases in predicted yields. It is also desirable for
large (small) reported yields to correspond to large (small) predicted yields.

Two indicators relate the change in direction of reported yields to the cor-
responding change in predicted yields. One looks at change from the previous
year (nine observations) and the other at change from the average of the pre-
vious three years (seven observations). A base period of three years is

used since a longer base period would further decrease the number of obser-

vations, while a shorter period would not be very different from the compari-
son to a single previous year.

Finally, the Pearson correlation coefficient, r, between the set of reported
and predicted values for the test years is computed. It is desirable that
r(-1 < r < +1) be large and positive. A negative r indicates smaller pre-
dicted yields occurring with larger observed yields (and vice versa).

Current Measure of Modeled Yield Reliability Defined
By a Correlation Coefficient

One of the model characteristics to be evaluated is its ability to provide an
accurate, current measure of modeled yield reliability. Although a specific
statistic was not discussed in the paper, Crop Yield Model Test and Evalua-
tion Criteria, (Wilson, et al., 1980), it was stated that:

"This 'reliability of the reliability' characteristic can be
evaluated by comparing model generated reliability measures with
. subsequently determined deviation between modeled and 'true' yield."

For regression models, this suggests the use of a correlation coefficient
between two variables generated for each test year. One variable is an in-
dicator 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 pre-
dicted 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 SQ is associated with a smaller (larger) value of Id].

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 pre-
dicted 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 CEAS corn yield 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 small-
est indicator value exhibits the best performance in termsof yield relia-
bility 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, Y'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 pre-
dicted yields. Thus, where |d1|=|Y7-Y| and |dp| = |Y2-Y|, for models 1
(pooled) and 2 (unpooled), the statistic of interest is D = ldi| - ldo].

The null hypothesis to be tested is that there is no difference in the relia-
bility of the two models over the ten test years.

Two types of paired-sample statistical tests are used: a parametric test
using Student's "t" test statistic and a nonparametric test using the Wilcoxin
signed rank test statistic. Both test statistics are used because the dis-
tribution of D may not be a normal. Also, the nonparametric test will allow
for the rejection of the null hypothesis if one model slightly, but consis-
tently, outperforms the other model; the parametric test will only reject

the null hypothesis if the average D value is large relative to its standard
error.

Indicators of Yield Reliability and Statistical Tests
Show Neither Model Outperforms the Other

The model values and comparative ranks for the root mean square error (RMSE),
standard deviation (SD), and bias are given in the Appendix (p.54 ). In
Iowa, the indicators of reliability rank first in more CRDs for the unpooled
models. In Illinois and Indiana the opposite is true, with the pooled
models ranking first in more CRDs. A CRD-by-CRD comparison, however, shows

10



no consistent pattern of better performance for either form of model in any
state. At the state and region level, the pooled and unpooled RMSE and SD
values for the CRDs aggr. results are very similar.

The results of the parametric and nonparametric paired-sample statistical
tests are equally inconclusive. The parametric test resulted in only two
CRDs (Iowa CRD 70 and Illinois CRD 50) having a significant difference be-
tween the pooled and unpooled models. - The non-parametric test produced

only four such significant differences (in the above two CRDs, plus CRDs 30
and 70 in Indiana).

In summary, neither the pooled or unpooled models can produce consistently
more reliable yield predictions at the CRD, state, or region level. For this
reason, and because the unpooled models are already in an operational mode
despite the fact that generating one pooled model per state is faster than
generating nine CRD models, both forms of the models will be evaluated in
this report. Evaluation tables are generated for each, but in the interest
of reducing the volume of report pages, figures showing CRD values of indi-
cators of reliability have only been included for the unpooled models.

MODEL EVALUATION

Indicators of Yield Reliability Based on d=Y-Y Show Bias
Generally Between 1 and 4 Quintals/Hectare and Standard
Deviations Between 4 and 13 Quintals/Hectare

The CRD, state, and regional values of indicators of yield reliability based
on d for the unpooled models are given in Table 2A. For CRD results, bias
ranged from practically zero (Indiana CRD 50) to over six (Indiana CRD 10)
quintals per hectare, with the majority of values being positive and between
one and four quintals per hectare. The six CRDs with biases greater than
three quintals per hectare (Iowa CRDs 40 and 80, Illinois CRDs 10, 40, and
50, and Indiana CRD 10) include the five CRDs with a relative bias greater
than five percent. The root mean square error is between five and fourteen
quintals per hectare (Figure 2) with six CRDs having a root mean square
error of greater than ten (CRDs 70, 80, and 90 in Iowa, 40 and 50 in Illinois,
and 10 in Indiana). The relative root mean square error is over twenty per-—
cent only in CRDs 70 and 80 in Iowa and ranges from seven to seventeen per-
cent in other CRDs. The standard deviation is greater than ten quintals

per hectare only in Iowa CRDs 70, 80, and 90, while relative standard devia-
tion percents are comparable to relative root mean square error.

Nearly half of all CRDs in the three states had smaller root mean square
error values than those at the state level; state level biases were positive
and between one and two quintals per hectare for Iowa and Indiana but over
three quintals per hectare in Illinois. Aggregated CRD results were slightly
better than state model results for Indiana and Illinois, but not for Iowa.

At the region level the method of aggregation did not make much difference

in the indicator results. Some CRDs continued to have smaller standard devia-
tion and root mean square error values than region level results.

11



Table 2A
Predicted - Reported Yield

Unpooled CEAS Corn Model

Indicators of Yield Reliability
Iowa, Illinois, Indiana 1971-1980
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Figure 2. Root mean square error (RMSE) for CEAS unpooled corn models in quintals per hectare based on

test years 1971-1980.
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Table 2B

Pooled CEAS Corn Model
Iowa, Illinois, Indiana 1971-1980

Indicators of Yield Reliability
Based on D = Predicted - Reported Yield
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The CRD and aggregated CRD values of indicators of yield reliability for the
pooled models are given in Table 2B. The range of bias values is similar

to that of the unpooled models, but four CRDs reported relative biases in
excess of ten percent (CRDs 40 and 70 in Iowa, and 80 and 90 in Illinois).
The root mean square error is between five and thirteen quintals per hectare,
with only three CRDs (40, 70 and 80 in Iowa) having a root mean square error
of more than ten quintals per hectare. Relative root mean square errors and
standard deviations are comparable to the unpooled models, but relative
standard deviations do mnot exceed nineteen percent in any CRD. State and
regional values of the aggregated CRD indicators closely resemble those of
the unpooled models, showing improved yield prediction reliability in some
cases and worse in others.

Indicators of Yield Reliability Based on rd=100d/Y Show 10-60
Percent of the Test Years Have rd Greater Than 10 Percent and the
Largest rd Between 13 and 116 Percent

CRD, state, and region values for indicators of yield reliability based on
rd for the unpooled models are given in Table 3A. CRD values are shown in
Figures 3-5. Most CRDs show the absolute value of the relative difference
being greater than ten percent in forty percent or less of the test years.
Only CRDs 10, 40, 70 and 90 in Iowa and 80 in Illinois were the cxception.
But while the absolute value of rd was small in most years, it bhecame very
large in some years, reaching over one hundred percent in CRDs 70 and 80 in
Iowa. Many of the second largest absolute values remained over thirty per-
cent. Most of the largest absolute values of rd occurred in 1974. Informa-
tion on yields and growing conditions in the test years can be found in the
section of the Appendix, "Brief Description of Growing Conditions for Corn
in the Bootstrap Test Years." The smallest absolute values of rd were below
one percent in nearly half of the CRDs, and reached the highest value of 4.9
percent in Iowa CRD 40.

The aggregated CRD results are slightly better than the state model results
in all three states. At the region level, the aggregated CRD results also do
slightly better than aggregated state model results. The only year in which
the largest absolute value of rd at the region level was greater than ten
percent was 1974.

Indicators of yield reliability based on rd for the pooled models are given

in Table 3B. Results are quite similar to the unpooled models. Only six CRDs
(Iowa CRDs 40, 70 and 80, Illinois CRDs 80 and 90, and Indiana CRD 90) had
more than forty percent of the test years in which the absolute value of rd
was greater than ten percent. CRDs 70 and 80 in Iowa again had the highest
values for the largest absolute value of rd, 107 and 98 percent respectively.

State and regional values of the aggregated CRD results were close to those
of the unpooled models. Pooled largest Ird| values did somewhat better than
unpooled values at the state level in Illinois and Indiana but slightly worse
in Iowa, and were essentially the same at the region level.
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Table 3A

Unpooled CEAS Corn Model
Iowa, Illinois, Indiana 1971-1980

Indicators of Yield Reliability
= 100 * ((Predicted-Reported Yield)/Reported Yield)

Based on RD
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Figure 3. Percent of test years (1971-1980) the

unpooled corn models is greater than ten percent.

absolute value of the relative difference from the CEAS

Darker shades indicate CRDs with higher production.
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Figure 4. Largest absolute value of the relative difference from the CEAS unpooled corn models during the
test years 1971-1980. Darker shades indicate CRDs with higher production.
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Figure 5. Next largest absolute value of the relative difference from the CEAS unpooled corn models
the test years 1971-1980. Darker shades indicate CRDs with higher production.
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Table 3B

Pooled CEAS Corn Model
Iowa, I1linois, Indiana 1971-1980

Indicators of Yield Relia
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Indicators of Yield Reliability Based on ¥ and Y Show Good
Correspondence Between Direction of Change in Predicted as Compared to
Reported Yields, but Predicted Yields Are Usually Insensitive to
Extreme Changes in Reported Yields

Plots of the reported and predicted corn yields over the ten-year test period
using the state level models are shown in Figures 6-8. CRD, state, and
region values (using the unpooled models) for the indicators of yield reli-
ability based on the reported and predicted yields are given in Table 4A.

CRD values of these indicators are also shown in Figures 9-11.

Except for CRDs 30 and 90 in Indiana, all unpooled CRD models produced a
change in direction of predicted yields that agreed with a change in direc-
tion of reported yields from the previous year over fifty percent of the
time, and only in Iowa CRD 90 did the predicted yield change not agree with
the previous three-year average reported yield change over fifty percent of
the time. The Pearson correlation coefficient between reported and pre-
dicted yields was positive and significantly greater than zero in all but
three CRDs in Iowa and three CRDs in Illinois. However, only three CRDs in

Indiana had a positive and significantly greater than zero Pearson correla-
tion coefficient.

Although these indications of yield reliability suggest a good correspondence
between the direction of change in reported and predicted yields, a review

of Figures 6-8 shows that predicted yields rarely reflect the extreme highs
or lows of reported yields at the state level in extraordinary years. This
is very noticeable for 1974 in all three states. State predicted yields
persistently over-estimated reported yields in Iowa over the five-year period,
1973-1977, while Illinois predicted yields over the entire ten-year period
seemed even more insensitive to fluctuations in reported yield. '

At the state and region level, Pearson correlation coefficients were positive
and significantly greater than zero in all cases except for the Indiana state
indications. In Iowa there seemed little difference between state model and
aggregated CRD results, but in Illinois and Indiana, and at the region level,
CRDs aggregation gave slightly more reliable results.

Table 4B contains the indicators of yield reliability based on reported and
predicted yields for the pooled models. Results of the percent of years for
which predicted yields changed in the same direction as reported yields from
both the previous year and three-year base period are comparable to the un-
pooled models. However, more of the pooled model Pearson correlation coef-
ficients were significantly greater than zero. At the state and region level,
aggregated CRD results were nearly identical to unpooled model values, with
the exception of Indiana where the pooled aggregated CRD correlation coeffi-
cient was substantially larger than the state model correlation coefficient.
The two correlation coefficients were not significantly different, however.
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Figure 6

Iowa State Model, Reported and Predicted
Corn Yields for the Test Years 1971-1980
(Quintals/Hectare)

A = Reported Yield ' P = Predicted Yield
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Figure 7
Tllinois State Model, Reported and Predicted

Corn Yields for the Test Years 1971-1980
(Quintals/Hectare)

A = Reported Yield P = Predicted Yield
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Figure 8

Indiana State Model, Reported and Predicted
Corn Yields for the Test Years 1971-1980

(Quintals/Hectare)

A = Reported Yield P = Predicted Yield
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Table 4A

Unpooled CEAS Corn Model
Iowa, Illinois, Indiana 1971-1980

Indicators of Yield Reliability
Based on Reported and Predicted Yields
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Figure 9.

Percent of test years (1971-1980) the direction of change from the previous year 's yield as predicted

by the CEAS unpooled corn models agrees with the direction of change in the reported vield.

Darker
shades indicate CRDs with higher production.
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Figure 10.
reported yield.
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Percent of test years (1971-1980) the direction of change from the previous three years average
yield as predicted by the CEAS unpooled corn models agrees with the direction of change in the
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Figure 11. Pearson correlation coefficients between reported yield and yield as predicted by the CEAS unpooled
corn models for the test years 1971-1980. Darker shades indicate CRDs with higher production.
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Table 4B

Pooled CEAS Corn Model
Iowa, Illinois, Indiaga 1971-1980

Indicators of Yield Reliability
Based on Reported and Predicted Yields
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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 (Tables 2A and 2B). 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 follow-
ing 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 from the unpooled models are given in Table 5A,
while the corresponding values from the pooled models are given in Table 5B. |,
Because only one pooled model is generated each year in each state for the
prediction of CRD level yields, all base period CRD level pooled model values
within a state and year are the same.

The MSE values from Tables 2A and 2B are also given in Tables 5A and 5B re-
spectively. 1In all cases, for both the pooled and unpooled models, the inde-
pendent test MSEs were greater than the highest corresponding base period
residual mean square. Use of the base period residual mean square as indi-
cator of predicted yield reliability, therefore, would be quite misleading.

Another indicator of yield reliability is the correlation coefficient, r,
between predicted and observed yields for the independent test years (Tables
4A and 4B). 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),
RO < R < 1), may be interpreted as the correlation between observed and pre-
dicted values of the base period years. The low, high and average values of
R for each geographic area for the unpooled models are given in Table 6A,
while the corresponding values from the pooled models are given in Table 6B.
As with the base period pooled model residual mean square indicators of fit
discussed above, all base period pooled model CRD level values of R are the
same in a given state and year.

The Pearson correlation coefficients from Tables 4A and 4B are also given in
Tables 6A and 6B respectively. Once again, in every case, the independent
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Table 5A

Unpooled CEAS Corn Model
Towa, Illinois, Indiana 1971-1980

Residual Mean Square As An
Indicator of the Fit of the Model
Based on the Model Development Base Period
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Table 5B

Residual Mean Square As An
Indicator of the Fit of the Model
Based on the Model Development Base Period

Pooled CEAS Corn-Model
Iowa, Illinois, Indiana 1971-1980
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Table 6A

Correlation Between Observed and Predicted Yields As An

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

Unpooled CEAS Corn.Model
Iowa, Il11inois, Indiana 1971-1980
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Table 6B

Correlation Between Observed and Predicted Yields As An

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

Pooled CEAS Corn Model
Iowa, Illinois, Indiana 1971-1980
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test correlation coefficients are smaller than the lowest base period R
values. Thus, the use of base period R values as indications of yield reli-
ability would overestimate the independent performance of these models.

Models Can Be Objectively Used Over Short-Term Time Periods

The variables included in each model were determined by regression analysis
performed on all data available at the time of model development. To predict
yields in a future year, the value of the trend term-and any weather-related
variables would be calculated and used with estimated regression coefficients
derived during model development. This 1is an objective and well defined
procedure and calls for no subjective decisions by the model user.

However, after several years model redevelopment may be necessary in order to
make use of new data and information. Model redevelopment would be a subjec-
tive procedure, involving choices to be made about changes in trend terms

and the selection or retention of weather-related variables. It is unlikely

that someone other than the model developer would make the same kinds of de-

cisions and choices resulting in models similar to those now being evaluated.
In fact, it is conceivable that the model developer would produce quite dif-

ferent models.

More Evidence Is Needed to Show Models Are
Consistent With and Reflect Scientific Knowledge

The CEAS corn yield models use four types of variables: (1) trend (year) as
a surrogate for technology, (2) weather variables, entered either as simple
precipitation and temperature or as derived variables such as accumulations
over months or departures from normals, (3) derived agroclimatic variables
such as the ratio of evapotranspiration to CAFEC evapotranspiration, and (4)
indicator variables representing individual CRDs in the pooled models. Each
of these types of variables will be discussed with respect to how their in-
clusion or absence in the models corresponds with scientific knowledge about
corn yields.

Trend terms are important components of the CEAS corn yield models. In these
models, they are usually the first variable selected by the stepwise procedure
and alone explain from 39-91 percent of the total variation in yield. Tech-
nological changes have had important impacts on corn yields over time, but
the inclusion of technological variables in yield models is often impossible
because of the lack of a continuous, long-term data series. For this reason,
trend terms are used as surrogates for technological advances. However, the
choice of the trend term form is often difficult. Also, specification of

the trend term determines the residuals of the trend which are assumed to

be dependent on the weather-related variables in the model. Therefore, if
trend is incorrectly handled in the model, results may be substantially
affected.

For these models, changes in yield due to technology are assumed to be con-

tinuous, piecewise linear functions of year. Piecewise functions of year
allow for changes in the rate of the contributions to yield from technology
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and other non-weather influences to occur over various time periods. The
contributions to yield may even be zero over some time periods, indicating
no increase (or, perhaps decreases) in yield due to technology or other non-
weather factors. As long as the various components of technology cannot be
separated, this form of the model seems reasonable, but choosing the join-
points of the piecewise segments is not easy.

In Iowa and Illinois, a single linear trend term allowing for the increase in
yields due to technology between the years 1951-1980 was selected for inclu-
sion in all CRD and state models. Plots of state level yields vs year for
these two states are given in Figures 12 and 13. The choice of a simple
linear trend term for this time period was a subjective one. From a review
of Figures 12 and 13, this choice seems reasonable, although no other alter-
natives were explored by the model developer. It can be inferred from the
original model development report that the model developer did not consider
two piecewise trends appropriate for the short data series available in each
state.

In Indiana, three trend terms were constructed for possible inclusion in the
model; the first term increases from 1930 to 1980, the second from 1930 to
1951, and the third from 1951 to 1980. A plot of the state level yields vs
year for Indiana is given in Figure 14. The choice of 1951 as the join point
for the linear segments was subjectively made, with no supporting information
provided. It was felt by the model developer that two segments were neces-
sary in Indiana '"because the time series used was considerably longer than in
I1linois and Jowa" and "...because of the increased use of fertilizer and
development of corn hybrids...following World War IL" (LeDuc, 1980).
Certainly it is difficult to assume the same linear increase in yields due to
technology continuing over a fifty year time span. A review of Figure 14,
however, does not strongly support the choice of 1951 over other possible
years as the likely join-point year. As mentioned in a previous section,
several unpooled CRD models (CRDs 20, 40, 50, 60), the pooled model and the
state model include the first two trend terms; three unpooled CRD models
(CRDs 10, 20, 90) include the first and third trend terms; and the two remain-
ing CRD models (CRDs 70, 80) selected only the third trend term.

The numeric values of the bootstrap coefficients of the trend term in the Iowa
and Illinois CRD models varied between 1.0 and 1.9 with most model coefficients
close to 1.4, Larger coefficients occurred in Iowa CRDs 10, 20, 50 and 90

and I1linois CRD 50 (ranging from 1.4 to 1.9), while lower coefficients occur-
red in Iowa CRDs 70 and 80, and Illinois CRDs 80 and 90 (ranging from 1.2 to
1.8). 1In the pooled and state models the coefficients of the trend term varied
between 1.4 and 1.7.

The combination of trend terms in Indiana models reflected a lower (or zero)
impact of technology on yields prior to 1951. Those models including the

first two trend terms showed coefficients of about 1.2 for the overall 1930-
1980 linear trend, offset by coefficients of around -0.9 for the 1930-1951
linear trend. The result was an increase in yields of only about 0.3 quintals/
hectare/year due to technology and non-weather effects prior to 1951 and of
about 1.2 quintals/hectare after 1951. Those models including the first and
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U.S.D.A. Reported State Corn Yields for Iowa
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Figure 13

U.S.D.A. Reported State Corn Yields for Illinois
1950-1980 (Quintals/Hectare)
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Figure 14

U.S.D.A. Reported State Corn Yields for Indiana
1930-1980 (Quintals/Hectare)
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third trend terms resulted in coefficients of about 0.3 for the overall 1930-
1980 linear trend and coefficients of around 1.0 (varying from 0.5 to 1.6)
for the 1951-1980 linear trend. Again, there is the lower increase of yields
due to technology and non-weather effects prior to 1951 (about 0.3 quintals/
hectare/year) giving way to a larger increase after 1951 of about 1.0 to 1.6
quintals/hectare/year. In the two CRD models including only the linear trend
term from 1951-1980, increases in yield due to technology are nil prior to
1951 and increase from around 1.3 (CRD 80) to 1.6 (CRD 70) quintals/hectare/
year after that.

In terms of scientific consistency, one important question left unaddressed
is the reason why two CRDs in Indiana were modeled to have absolutely no
technological effects on yield prior to 1951 while neighboring CRDs did. It
would also be of interest to note how the trend coefficients would change if
the join-point were defined other than 1951. Guidelines for redefining the
location of the join-point when model redevelopment occurs in the future
would be valuable. Finally, entering trend and weather as distinct variables
in the model does not succeed in clearly separating out the impact of weather
and non-weather effects on yields. More research needs to be done on alter-
native methods for distinguishing the effects of weather and technology.

The CEAS corn yield models use monthly weather values. Monthly average tem-
peratures and average precipitations are available on a climatic division
(corresponding to a CRD) basis. From these two basic inputs a number of
weather variables are calculated (see "Description of the Models' earlier
in this report); they include cumulations or averages over two Or more
months, departures from long-term averages or normals, and squared depar-
ture from normals. A listing of the individual weather variables entered
into each model and their accompanying coefficient sign over the bootstrap
testing years is given in the Appendix (pp. 51-53). '

The use of monthly weather data does involve some problems. Inherent in the
use of a single monthly weather value is the assumption that each year the
value is representative of the entire area for the entire month. For example,
in one year the precipitation may have occurred only during the first week
of the month, or it may have been distributed uniformly throughout the month.
Also, precipitation in a year may have been distributed uniformly over a CRD,
but in another year only occurred over part of the CRD, even though the CRD
average for the month's precipitation was the same. Another problem has to
do with the lack of year-to-year agronomic correspondence between the begin-
ning and ending of developmental stages in a corn plant (and thus its chang-
ing moisture and temperature requirements). Since corn plants do not begin
the various development stages at the same time each year, a model based on
certain monthly weather variables may not always be the most appropriate in
a given year.

Weather terms were selected for inclusion in the models using the stepwise
regression procedure and all the data available to the model developer. A
common result of this method was the selection of certain weather variables
in a particular CRD model but not in any of the surrounding CRDs; no scien-
tific explanation for this was presented. Another problem arises from the
fact that some weather terms selected for inclusion in the models produced
coefficients which changed sign (from positive to negative, or vice versa)
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during the ten-year testing period. A third problem occurred when the models
were run with data through 1980. In this case some weather variable coeffi-
cients were no longer significantly greater than zero at the 10% level. The
latter two problems address the issue of when model redevelopment may need

to occur in future years; this issue was recognized but not explored by the
model developer.

The interpretation of the precipitation coefficients with respect to scien-
tific expectations seems reasonable. Precipitation in May enters the models
with negative coefficients, reflecting the fact that, since mid-May is the
normal planting date over much of the three-state region, excess moisture

in May will delay planting and reduce yields. Cumulative precipitation from
the preceding September through June or July enters the models with small,
positive coefficients (+0.01 to +0.02) while squared departure from normal
precipitations for the same periods enter the model as small negative coeffi-
cients (-0.0001). These results demonstrate the association between higher
yields and large, but not excessive, amounts of rainfall.

July temperature, either alone or averaged with August temperature, appeared
in nearly every model in Illinois and Indiana. Model coefficients for July
temperature ranged from -1.0 to -4.0 while coefficients for the average of
July and August temperature were from -1.0 to -3.0. All other temperature
variables appearing in any model were negative as well, with one exception--
in the Illinois pooled CRD model, October temperature was included with a
positive coefficient. There is some question as to the appropriateness of
this variable. Not only is its presence difficult to explain scientifically
(although it may be related to a reduction in harvest loss associated with
warm autumn weather), but its coefficient value was negative during part of '
the bootstrap years and it was not significant at the 10% level in the model
developed with all available data. No direct temperature variables appeared
in any of the Iowa models.

The six different agroclimatic variables considered for inclusion in the models
were defined earlier in this report. 1In order to calculate these variables,
PET and a soil moisture budget are estimated. Monthly PET is calculated by
using Thornthwaite's (1948) procedure. ET is estimated with the use of PET,
P, and the contents and capacity of a soil moisture budget. Running a soil
moisture budget on a monthly basis is a difficult task, in part because run-
off camnnot be determined accurately without daily precipitation as input to
the budget. An available water capacity of ten inches (254 mm) is assumed
for all CRDs and states. Palmer (1965) recommends ten inches as a reasonable
figure for central Iowa, but made no suggestions for areas further east. No
evidence is presented by the CEAS model developer to justify a uniform ten-
inch capacity for CRDs in Illinois and Indiana.

As with the weather variables discussed above, questions may be raised as to
why a certain agroclimatic variable would be selected for inclusion in models
for one area but not in other neighboring areas. Also, some agroclimatic
terms produced coefficients which changed sign (positive and negative) during
the ten-year test period or which proved not to be significantly greater than
zero at the 10% level when all available data (through 1980) were used. No
reason was given why the agroclimatic variables were not also considered as
deviations from normal or in the quadratic form.
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The ratio of ET to CAFEC(ET) for July and August enters several models with
positive coefficients which indicate, as expected, that normal supplies of
moisture during these months are associated with higher yields. The ratio
for May enters several models with negative coefficients, which would indi-
cate some moisture stress at planting is preferable. The ratio for June,
however, enters the Indiana CRD 90 model with a negative coefficient and
the Iowa CRD 40 model with a positive coefficient. Since these two areas
are widely separated on an east-west basis, the coefficients may be scien-
tifically plausible, but this situation was not discussed by the model
developer. :

The difference, P-PET, for July enters many models, all with a positive coeffi-
cient indicating higher yields associated with greater moisture supply than
demand. In Iowa CRDs 70 and 80, however, this difference for August results
in negative coefficients, a result which seems contrary to scientific expecta-
tions (the CRD 80 model did give positive coefficients in some of the boot-
strap test years). The ratio, P/PET, for August is also negative in most

(but not all) of the test years indicating lower yields when moisture supply
exceeds demand. This ratio is also negative in May, but positive in July.

Cumulative PET, both from April to May and from July to August, gave negative
coefficients when entered in the models, indicating lower yields associated
with greater demands for moisture. From previous results mentioned above,

it may have been reasonable to expect the April-to-May PET coefficient to have
been positive instead. Average ET from June to July produced positive coeffi-
cients, indicating increased yields correspond with increased moisture supply
during those months. The ratio of cumulative P to cumulative ET from July to
August produced a positive coefficient in the one model it entered.

In the pooled models which were developed to predict CRD level yields, indi-
cator variables were introduced to represent the CRDs in a state. The
presence of indicator variables in the models is based on the assumption
that weather, trend and agronomic variables alone cannot accurately account
from the differences in yield levels which may exist between CRDs in a state.
This assumption may be valid since there are other variables, such as soil
characteristics, which may affect corn yields, but the issue was not dis-
cussed or defended by the model developer.

Each state's pooled model had different indicator variables, representing dif-
ferent CRDs, entered into the model. Those with positive coefficients repre-
sented CRDs with an associated higher level of yield, while negative coeffi-
cients represented CRDs with an associated lower level of yield. These
associations can be compared with yield levels as recorded earlier in Table 1.
In Iowa, CRDs 20, 50, and 60 were represented with positive indicator vari-
able coefficients; these three CRDs do have the highest average yields of any
CRDs in Iowa over the ten-year test period. Similarly CRDs 70 and 80, repre-
sented with negative coefficients in the models, have the lowest average
yields over the ten-year test period.

In Illinois seven of the nine CRDs have positive indicator variable coeffi-
cients--all but CRDs 80 and 90, which are not represented in the pooled models.
These two CRDs do have much lower yields (around 20 quintals/hectare lower)
than the CRDs north of them.
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In the Indiana pooled model, CRDs 10, 40, 50 and 70 were represented by indi-
cator variables with positive coefficients. These four CRDs do have the
highest average yields of any CRDs in Indiana over the ten-year test period.
CRDs 30 and 80 are represented with negative coefficients in the models, and
they do have the second and third lowest yield among CRDs in the ten-year
test period.

When the CEAS pooled models were developed, CRD 90 was chosen in all three
states as the CRD not represented with an indicator variable. This resulted
in difficulty in interpreting the model coefficients when, as in Illinois

and Indiana, CRD 90 had a very low level of yield and yet could not be repre-
sented with a negative coefficient. If the model developer had defined the
indicator variables differently, omitting the "middle yielding'" CRD in each
state (the CRD whose model coefficient one would expect stepwise regression
to eliminate for being not significantly different from zero in the model),
the coefficient values and relative sizes would be easier to interpret. It
could then more truly be said that positive coefficients were associated with
CRDs having higher levels of yields and negative coefficients with CRDs having
lower levels of yield. This change in defining the indicator variables would
not affect model precision.

A review of the stepwise model coefficients also suggest that some CRDs could
be grouped together because of having similar levels of yields. Thus, instead
of having eight indicator variables representing the nine CRDs, one could
develop models using only two or three indicator variables representing three
or four groups of CRDs. More questions would then be raised; pooling of all
CRDs into one model might be replaced with two or more pooled models, one for
each separate group of CRDs found to have similar yield levels. ,
In conclusion, a variety of possible methods and techniques useful in vari-
able selection are now available. The use of these techniques does not guar-
antee better models but could, perhaps, lead to a better understanding of

the limitations of the models. Based on the results of these models and the
scientific evidence available, it is likely that corn yield models could be
developed that use different combinations of weather, trend, and indicator
variables and might better reflect agronomic and meteorological interactions.

Model Redevelopment Would Be Required to Predict
Yields in Other Geographic Areas

CEAS trend and monthly weather data models could be developed for any geo-
graphic area for which an historic data series of yearly yield and monthly
weather values was available. The models evaluated in this report, however,
are only adequate at the CRD and state level within Iowa, Illinois and Indi-
ana. For areas other than these, complete model redevelopment would be
necessary. Also, the CRD and state models use climatic division weather
data; the number of weather stations per division varies. In Indiana, for
instance, there are from seven to nineteen stations per division. Comparable
results may be less stable in areas with fewer numbers of stationms.
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Timely Estimates Can Be Made Using Approximated Weather Data

Pre-season models using only trend were developed for each CRD and state.

The development of models using weather data through each of the months April
through August was also documented. However, five different models were not
necessarily derived for each CRD and state. In most cases, the models for
some of the adjacent months did not contain different variables so that, for
example, the June model might be identical to the May model. 1In many CRDs
the end of the season yield model estimate is obtained using the July model,
in one instance (Illinois, CRD 20) using a May model, and in another (I1lli-
nois pooled model) using an October model.

It takes about three months after the end of a month to obtain that month's
average temperature and precipitation at the climatic division level from the
National Climatic Center in Asheville, N.C. Estimates of these climatic divi-
sion values can be prepared earlier; these weather data approximations could
then be used in the regression equations in the first week of the month fol-
lowing the month for which the data pertains. The yield forecast would not
change if the model for a particular month is the same as for the previous
month.

CEAS Corn Yield Models Are Not Costly to Operate

Operational costs of running these models, both pooled and unpooled, through
a growing season in Iowa, Illinois, and Indiana are not high. The monthly
weather data are currently prepared for other users on a routine basis, so
that conceptually the cost could be shared. All that is required to obtain '
the yield estimates 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 observations as the individual CRD 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 and the redevelopment of models

as required. The maintenance of the data bases requires the part-time efforts
of persons familiar with meteorological data, agricultural data, and the com-
puter system being used. The redevelopment of the models in future years,
incorporating more recent yield and weather data, would require the skills

of a person familiar with statistical regression methodology and agronomic
modeling using meteorological variables.

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

form of the weather and yield data, along with the available computer capacity,
would be the determining factor.

44



Models Are Easy to Understand and Use

The variables contained in these trend and monthly weather data models are
fairly simple and easy to understand. A computer program would usually be
necessary for the calculation of the stress (agronomic) variables and for
the departures from normal for the weather variables. Values of the soil
moisture budget contents can be saved from the previous year for use in the
next year, or the budget can be assumed to be filled to capacity each winter.
The variety of stress variables (six different forms) can be confusing to
the user, as can interpretation when more than one stress variable enters a
model. Once the historic weather and yield data bases are created they can
be saved and used repeatedly. Perhaps an important cunsideration with the
use of these models is deciding if or when they need redevelopment.

Standard Errors of Prediction Provide Poor Current
Measures of Modeled Yield Reliability

The CRD (unpooled) and state values for the Spearman correlation coefficient
between the estimate of the standard error of a predicted yield value (s§)
and the absolute value of the difference between the predicted and reported
yield are given in Table 7A. The correlation coefficients are displayed in
Figure 15. Similar correlation coefficients for the pooled models are given
in Table 7B. Most of the models produced negative correlation coefficients,
and none of the coefficients were significantly greater than zero. The
largest positive value is 0.53 for the Illinois state model. Thus, in a
given geographic area, instances of test years with small prediction inter-
vals about the predicted yield are all too often associated with large dis-
crepancies betwéen reported and predicted yield values. The use of s§_as an
indicator of the accuracy of predicted yields is not appropriate.

CONCLUSTIONS

Although the models are objectively defined and easily understood and used,
some of the model results indicate a lack of correspondence with scientific
knowledge. This includes inconsistencies in the choice of variables for
retention in the models and differences in modeled variable coefficient
signs (positive/negative) from what was expected or is probable. More in-
formation about the expression of trend terms in the models and their rela-
tionship to the agronomic and weather variables is also necessary. As the
models now stand, it is difficult to reasonably and consistently account
for the selection of certain variables and their interrelated effects on
predicted model results. ’

It is suggested that the unpooled models be used for the prediction of CRD
yields rather than the pooled CRD models. Although one pooled model may be
operationally easier to run than nine individual CRD models, development of
the pooled models requires more computer memory and time. Also, the differ-
ences in the composition of the pooled model could hinder comparison with
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Table 7A

Current Indication of
Modeled Yield Reliability

Agreement Between Base Period Predicted
and Test Year Reported Accuracy

Unpooled CEAS Corn Model
Iowa, Illinois, Indiana 1971-1980

PEARMAN
STATE CrO CORRELATIOV COEF,
| .
Iowa 10 | <0.19
<0 -0.12
30 -0.,32
40 0.19
50 -0004
6) | 0.17
70 | 0.04
80 | 0.01
STATE MuDtL | -0.14
ILLINOIS 10 | -0.09
<0 | -0.33
30 | 0.52
40 | 0.53
50 | O0.16
00 ' -0.09
o | 0.08
60 | 0.26
STATE MODtL : 0.53
INDIANA 10 | 0.28
o | -0.11
30 ' -0020
40 | 0.25
50 | 0.05
00 | -0.17
0 | -0.,64
dO | "0.10
%0 : -0.15
STATE MODEL | -0.26
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Spearman correlation coefficients between the estimate of a standard error of predicted yield from

Figure 15.
the CEAS unpooled corn yield base period model and the absolute value of the difference between the
predicted and reported yield in the test years 1971-1980. Darker shades indicate CRDs with higher
production.
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Table 7B

Current Indication of
Modeled Yield Reliability

Agreement Between Base Period Predicted
and Test Year Reported Accuracy

Pooled CEAS Corn Model
Iowa, Illinois, Indiana 1971-1980
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other trend and monthly weather models. Of more importance, uncertainty
over the proper definition of the pooled model indicator variables, and the
effects on all model coefficients that could occur if the indicator vari-
ables were defined differently, suggest the use of the unpooled models.

Model redevelopment would be necessary in future years for the three states
and could result in quite different models, with elimination of certain
variables currently included in the models and the inclusion of other vari-
ables. As more years are added to the data sets for Iowa and Illinois, it
is probable that the trend terms might need to be respecified, perhaps even
to the inclusion of second and third trend terms such as are now used in
the Indiana models.
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APPENDIX

Variables Included in CEAS Individual CRD, Pooled CRD and State
Iowa Corn Yield Models '
+ Means a Positive Coefficient and
- Means a Negative Coefficient

CRD A11P
10 20 30 40 50 60 70 80 90 CRDs | State
Trend Variables
Linear between 1951 and 1980 + + + + + + + + + + +
Meteorological Variables
Cumulative precipitation-Sept to June +
-Sept to July | +
=June to July +
Cumulative precipitation DFN squared
-Sept. to June - - - -
Agroclimatic Variables
ET/Climatically Appropriate ET -May +
—June +
-July + +
Precipitation/PET -August —%
Precipitation-PET ~—July + + + + +
—Aqgust I .
Cumulative PET-April to May -
-July to August -
Indicator Variables
CRD 20 +
CRD 50 +
CRD 60 +
CRD 70 -
CRD 80 -

* - Coefficient sign changes occurred during the ten-year testing period.

p - Pooled model

51




APPENDIX

Variables Included in CEAS Individual CRD, Pooled CRD and State
Illinois Corn Yield Models
+ Means a Positive Coefficient and
- Means a Negative Coefficient

10 20 30 40 50 60

CRD a11P
70 80 90 | CRDs

State

Trend Variables

Linear between 1951 and 1980 + + + + + + + + + +

Meteorological Variables

Temperature-April . -
-May -t
-July - - - - - -
—August ) -

—October +*

Precipitation=-May i -t

Precipitation DFN-May

Cumulative Precipitation DFN squared
-Sept. to June - -
~Sept. to August -

Average temperature-July & August - -

Agroclimatic Variables

ET/Climatically Appropriate ET -May -

-Aug. +
-May ] - -
-Aug. -%
-July + +

Precipitation/PET
Precipitation~PET

Indicator Variables

CRD
CRD
CRD
CRD
CRD
CRD
CRD

10
20
30
40
50
60
70

+ 4+ 4+ +++

* — Coefficient sign changes occurred during the ten-year testing period.

t - Coefficient was not significant at 10% level for model developed with all
able data (1950-1980).

p - Pooled model.
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APPENDIX

Variables Included in CEAS Individual CRD, Pooled CRD and State
Indiana Corn Yield Models
+ Means a Positive Coefficient and
- Means a Negative Coefficient

CRD A11°
10 20 30 40 50 60 70 80 90 | CRDs | State

Trend Variables

Linear between 1930 and 1980 + + + + + + + + +
Linear between 1930 and 1951 - - - = - -
Linear between 1951 and 1980 + + + + +

Meteorological Variables

Temperature-August - -
Average temperature-July and Aug. - - - - - - - -
Precipitation-May -
-July + +

Cumulative precipitation DFN squared
-Sept. to Aug. ; -

Agroclimatic Variables

ET/Climatically Appropriate ET -June -

-July + + +

. -Aug. _| +t ‘
Average ET -June and July + +
Precipitation-PET -July + + +
Precipitation/PET -July _ +
Cumulative precip./Cumulative ET

=July to August +

Indicator Variables
CRD 10 | +t
CRD 30 -
CRD 40 +
CRD 50 +
CRD 70 +
CRD 80 -

t - Coefficient was not significant at the 10%Z level for model developed with all
available data (1950-1980).
p - Pooled model.
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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

CEAS Pooled and Unpooled Corn 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
Iowa 10 9.20 (2) 8.73 (1) @ 8.90 (2) 8.63 (1) @ 2.34 (2) 1.32 (1)
20 6.57 (1) 7.21 (2) ' 6.57 (1) 7.10 (2) °-0.23 (1) 1.27 (2)
30 ° 7.29 (2) 6.04 (1) @ 7.29 (2) 5.87 (1) :-0.19 (1) -1.44 (2)
40 " 11.41 (2) - 9.21 (1)  9.41 (2) 8.07 (1) | 6.45 (2) 4.44 (1)
50 8.62 (2) 6.59 (1) @ 8.33 (2) 6.53 (1) @ 2.20 (2) 0.88 (1)
60 ° 5.79 (2) 5.73 (1) © 5.26 (2) 5.09 (1) °© 2.42 (1) 2.63 (2)
70 013.29 (2) 12.24 (1) °11.95 (2) 11.94 (1) @ 5.82 (2) 2.70 (1)
80 11.57 (1) 13.61 (2) 10.53 (1) 13.03 (2) @ 4.80 (2) 3.93 (1)
90 ° 7.27 (1) 10.58 (2) ° 7.21 (1) 10.31 (2) '-0.93 (1) 2.38 (2)
State Model : )
CRDs Aggr. 7.38 (2) 7.21 (1)  6.96 (2) 6.95 (1) © 2.47 (2) 1.90 (1)
Illinois 10 6.48 (2) 5.05 (1) f 5.34 (2) 4.05 (1) ° 3.67 (2) 3.03 (1
20 6.93 (2) 6.54 (1) @ 6.62 (2) 6.28 (1) = 2.04 (2) 1.85 (1)
30 6.64 (1) 7:86 (2) T 6.49 (1) 7.50 (2)  1.36 (1) 2.36 (2)
40 8.43 (1) 10.28 (2) = 8.25 (1) 9.05 (2) @ 1.72 (1) 4.88" (2)
50 9.29 (1) 10.61 (2) = 9.14 (1) 9.16 (2) = 1.66 (1) 5.36 (2)
60 5.09 (1) 5.24 (2) © 5.04 (2) 4.63 (1) = 0.74 (1) 2.45 (2)
70 5.97 (1) 6.70 (2) = 5.86 (1) 6.35 (2)  1.13 (1) 2.14 (2)
80 9.42 (2) 8.17 (1) @ 7.11 (1) 8.02 (2) @ 6.18 (2) 1.58 (1)
90 8.33 (2) 5.85 (1) = 5.98 (2) 5.74 (1) = 5.80 (2) 1.10 (1)
State Model X ;
CRDs Aggr. 5.99 (1) 6.34 (2)  5.57 (2) 5.49 (1) = 2.20 (1) 3.17 (2)
Indiana 10 7.77 (1) 10.16 (2) = 7.74 (L) 8.09 (2) '-0.76 (1) 6.15 (2)
20 6.95 (1) 6.99 (2) [ 6.44 (1) 6.81 (2) & 2.61 (2) 1.59 (1)
30 7.55 (2) 5.15 (1) @ 5.78 (2) 5.10 (1) © 4.86 (2) -0.76 (1)
40 7.67 (1) 8.48 (2) = 7.67 (1) 8.04 (2) = 0.10 (1) 2.68 (2)
50 5.51 (1) 6.38 (2) ° 5.40 (1) 6.38 (2) T 1.09 (2) -0.01 (1)
60 5.02 (1) 5.15 (2)  5.00 (2) 4.98 (1) = 0.52 (1) -1.32 (2)
70 5.49 (2) 5.10 (1) @ 5.36 (2) 4.42 (1) '-1.19 (1) 2.54 (2)
80 5.85 (1) 6.40 (2) © 5.57 (1) 6.13 (2) ' 1.79 (1) 1.87 (2)
90 6.05 (2) 4.85 (1) ° 4.86 (2) 4.79 (1) ° 3.61 (2) 0.76 (1)
State Model : .
CRDs Aggr. 5.23 (1) 5.81 (2) © 5.13 (1) 5.53 (2) © 1.01 (1) 1.77 (2)
Region o .
CRDs Aggr. 5.49 (1) 5.58 (2) °© 5.09 (2) 5.07 (1)  2.07 (1) 2.33 (2)
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Model Comparison Based on
Paired-Sample Statistical Tests
CEAS Pooled-CRD vs Unpooled-CRD Models

P<.01)

(%=P<.10, **=P<,05, *x*

CEAS Corn Yield Models
Iowa, Illinois, Indiana
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APPENDIX

Brief Description of Growing Conditions for

Corn in the Bootstrap Test Years*

Year

State

Description

1971

1972

1973

Towa

Il1linois

Indiana

Iowa

Illinois

Indiana

Iowa

Record yield up 19%, production up
Early planting due to cool and dry
June very hot, but July very cool.
August very dry.

36%.
spring.

Early harvest with excellent conditions.

Nitrogen rate/acre down 6%.

Record yield up 27%, production up
Planting completed early.

30%.

Crop growth and development continue ahead of schedule.
Early harvest with excellent conditions.

Nitrogen rate/acre down 5%.

Record yield (up 33%) and production (up 49%).
Planting completed early due to cool temperatures.
June warm, but July-mid August cool.

Harvest completed early with excellent conditions.

Nitrogen rate/area down 11%.

Record yield up 14%, production up
Frequent rains delay planting.

4%7.

Growing and harvest season very cool and wet.

Some hail and flood losses occur.

Harvest delayed beyond end of year by rain.
Nitrogen rate/acre unchanged from 1971.

Record yield up 4%, production down 5%.

Planting delayed by wet weather.

Harvest also delayed into 1973 by rains.

Nitrogen rate/acre up 12%.

Record yield up 3%, production down 9%.

Wet, cool spring delays planting.

Cool July, with dry weather in south.
Harvest delayed by cool, wet weather.

Nitrogen rate/acre up 12%.

Yield down 8%, production down 2%.
Planting delayed by frequent rains.
Growing season very wet and warm.
Harvest also delayed by rains, but
October ‘allowed an early finish.
Nitrogen rate/acre down 1%.
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APPENDIX

Brief Description of Growing Conditions for
Corn in the Bootstrap Test Years*

Year State Description

Illinois Yield down 6%, production down 3%.
Planting delayed by spring rains.
Summer growing conditions good.
Harvest occurred on time with excellent conditioms.
Nitrogen rate/acre down 4Z%.

Indiana Yield down 2%, production up 5%.
Planting behind schedule due to rains.
" Summer moisture mostly adequate.
Normal harvest timing.
Nitrogen rate/acre down 10%.

1974 Iowa Yield down 25%, production down 20%.
Heavy rains in May, early June delay planting.
Hot, dry late June, July.
Early frost in September.
Excellent harvest conditions once begun.
Nitrogen rate/acre down 7%.

Illinois Yield down 20%, production down 17%.
: Excess rain and late freeze delay planting.
Wet fields and early freezes delay maturity.
Larger than usual abandonment and cut for silage.
Harvest delayed by wet weather.
Nitrogen rate/acre down 8%.

Indiana Yield down 28%, production down 27%.
Heavy May rains delay planting.
Most of spring wet and cool, stalling development.
July very hot and dry.
Early freeze and heavy fall rains hurt harvest.
Nitrogen rate/acre down 11%.

1975 Iowa Yield up 13%, production up 15%.
Excellent May weather ideal for planting.
Flooding, heavy rains in June.
Hot, dry July and August.
Harvest conditions very good.
Nitrogen rate/acre up 1%.

Illinois Record yield (up 41%) and production (up 54%).
Planting completed on schedule.
Ideal summer weather conditions.
Harvesting completed on time.
Nitrogen rate/acre up 3%.
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APPENDIX

Brief Description of Growing Conditions for
Corn in the Bootstrap Test Years*

Year

State

Description

1976

1977

Indiana

Iowa

Illinois

Indiana

Iowa

Il1linois

Yield up 34%, production up 42%.

Excellent spring planting conditions.

Warm temperatures and rainfall in June and August give
excellent growing season conditions.

Harvesting completed normally.

Nitrogen rate/acre up 3%3%.

Yield up 1%, production up 5%.
Planting delayed due to rains.
June and July warm and dry.
Harvest completed early.
Nitrogen rate/acre up 23%.

Yield down 8%, production down 1%.
Planting completed ahead of schedule.

Dry growing season reduces crop prospects.
Dry fall allows early harvest completion.
Nitrogen rate/acre up 21%.

Record yield (up 12%) and production (up 26%).

Cold, dry weather for planting.

Heavy rains in June, but long dry spells July-September.
Near normal or cool temperatures all season.

Near normal harvest schedule.

Nitrogen rate/acre up 22%%.

Yield down 2%, production down 7%.

Warm spring, planting completed early.

Hot, dry June and July - much crop stress with long drought
in central areas.

Cool, wet fall weather delays harvest.

Nitrogen rate/acre up 1%%.

Yield down 27, production down 47.

Planting completed early.

Dry summer weather.

Harvest ahead of schedule through October, then slowed by
rains.

Nitrogen rate/acre down 8%.
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APPENDIX

Brief Description of Growing Conditions for
Corn in the Bootstrap Test Years¥*

Year State Description

Indiana Yield down 7%, production down 97%.
Warm spring - planting completed early.
Hot and dry late June through July - some crop stress.
Wet, warm fall - harvest delayed.
Nitrogen rate/acre up 8%.

1978 Iowa Record yield (up 36%) and production (up 35%).
. Above normal spring rains - planting on normal schedule.
Warm, muggy June and July, rains in late August.
Excellent growing season conditions.
Harvest completed very early.
Nitrogen rate/acre up 1l%.

Illinois Yield up 6%, production up 5%.
Planting a little later than usual.
Weather generally cool and dry.
Harvest completed ahead of normal.
Nitrogen rate/acre up 7%.

Indiana Yield up 6%, production up 6%. )
Planting delayed slightly by freeze in early May.
Warm, moist summer weather-excellent conditions.
September warm -~ helped crop maturity.
Harvest completed early due to dry conditions.
Nitrogen rate/acre down 6%%.

1979 Iowa Record yield (up 8%) and production (up 13%).
Planting delayed by cool, rainy weather.
Favorable June and cooler July weather help crop.
Warm, dry September brings early harvest.
Nitrogen rate/acre up 6%.

I1linois Record yield (up 15%) and production (up 14%).
Planting begins late but finishes ahead of normal.
Dry, cooler weather June to July - good growing conditions.
Excellent harvest conditions allow early completion.
Nitrogen rate/acre up 4%%.

Indiana Record yield up 6%, production up 1%.
Planting delayed by cold, wet April.
Summer cool and moist with heavy rains in some areas.
Harvest period cool and dry, with early freeze.
Nitrogen rate/acre up l4&}%.
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APPENDIX

Brief Description of Growing Conditions for
Corn in the Bootstrap Test Years*

Year State Description

1980 Iowa Yield down 13%, production down 12%.
Planting over on schedule. )
Heavy June rains, some hail.
July hot dry; August hot, humid.
Harvest completed earliest ever.
Nitrogen rate/acre down 3%,

Illinois Yield down 27% (lowest since 1974), production down 25%.
" Excellent spring weather allows early planting.
Very hot, dry in southern 2/3 of state hampers growth
during early summer.
Good fall weather allows very early harvest.
Nitrogen rate/acre up %%.

Indiana Yield down 16%, production down 11%.
Planting completed early.
June cool, wet with some hail and flooding.
Very hot, dry July stresses crop.
Fall weather very favorable - harvest completed early.
Nitrogen rate/acre down 1%. .

* The following references served as source for the growing condition data described
in this Appendix:

Illinois Agricultural Statistics, Bulletin No.'s 72-1 to 81-1, Illinois Coop-
erative Crop Reporting Service, USDA and Illinois Dept. of Agriculture.

Iowa Weather and Field Crops from Planting to Harvest, reports for years 1970
to 1977 and 1979, Iowa Crop and Livestock Reporting Service, USDA and Iowa Dept.
of Agriculture.

Towa Agricultural Statistics, 1979 and 1981, Iowa Crop and Livestock Reporting
Service, USDA and Iowa Dept. of Agriculture.

Indiana Annual Crop and Livestock Summary, Bulletin No.'s A75-1 to A81-1,
USDA and Purdue University, Agricultural Experiment Stationm.

Weekly Weather and Crop Bulletin, Volumes 58, 59, and 60, USDA Statistical
Reporting Service and USDC National Oceanic and Atmospheric Administration.

Fercilizer Situation, reports for years 1971 to 1980, USDA Statistical Report-
ing Service.
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* No standard error of prediction values were calculated for aggregated
CRD or state results.
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