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Evasuation of Thompson-type Trand and
Monthly Weather Data “odels for Corn
Yields in Jowa, Illinoils and Indiana

B

Vikkl A, French

R

SUMMARY AND CONCLUSICHNS

The Thompson-type model.s evaluated could be used to forecast and estimate
corn ylelds in Iowa, Illinols, and Indlana. The variable year is used to deve-
lop surrogates for technological trend. Monthly average temperature and total
pr'écipitation are used to construct meteorological variables. Two methodologies
were compared, pooled versus unpooled Thompson-type models. The pooled model
first fitted the data for technologlcal trend in each Crop Reporting District
(CRD). Then the detrended CRd data with‘in each state was pooled and the model.
Pitted at the state level. For the unpuoled models, separate models were deve-
loped for each of the nine CRDs within each state and for each of the treee
states. Bootstrap tests were then run on the models to obtain indicators of
yield reliability and current measures of modeled yleld reliability.

Neither methodology is consistently better than the other. For many of
the indicators, the pooled model outperforms the unpooled model, but. the pooled
model has a blas problem. The pooled model also requires more computer time and
memory than does the unpooled model.

The yield rellability indicators generally show that the models have
limited value for large area corn yield estimation. The models are objective
and consistent with sclenific lnowledge. They could esily be developed to pre-
Timely yield forecasts and estimates can

dict ylelds in other geographic areas.
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" be made durih¥* the growing season using normal or long-range forecast weather

data., The models are not costly to operate and are easy to wmderstand and use.
The model standard errors of prediction do not provide a good current measure of

modeled yleld rellsbllity.
DESCRIPTION OF THE MODELS

The corn yield models evaluated In this report are based on work by Louls
M. Thompson (1969, 1980) at Iowa State University to study the relationship bet-
ween weather and corn ylelds. In &ll models the basic historic weather
variables are: (1) cumulative rainfall from the previous September through June,
(2) July monthly rainfall, (3) August monthly rainfall, (4) June average
temperature, (5) July average temperature, and (6) August average temperature.
for each of these six variables the deviations from "normal" (DFN) values are
computed and entered into each model, as are the sguared DFN values. The latter
are included because Thompson assuned that the DFEN variahles are related to
yield in a curvilinear pattern resenmbling a parsbola. Thompson used state level
yleld and weather data from five states (Towa, Illinois, Indiana, Chio and
Missouri) to develop hls models. Weather "normals" were regional averages of the
weather variables.

In his early work, Thompson (1969) used a two-step pooling process with
data from 1930-1967. In the first step, a "yleld with normal weather" is estl-
mated by setting all DFN values to zero and fitting a regression equation for
each state using three linear trend terms as the only Independent variable. The
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first time trend term (TREND 1) is the year minus 1929 for years “pam 1730 ) '*

1960 and the value 31 for later years. The second trend “erm (TREND 2% i3 zero
! for years prior to 1961, and the year value minus 1960 for later years., The
third year term (TREND 3) 1s the square of TREND 2. These trend terms are ugsed
,' . as a surrogate for technology. Thompson (1969) assumed thwt technology was ,
« introduced gradually from 1930 to 1960 and adopted more rapidly after 1960. The '
s basls of this assumption was the Increased use of nitrogen fertilizer on corn
to the five-state reglon. 'The independent variables are the DFN and squared DFN
variables, and the detrended ylelds (for each state and year) calculated from ‘
N the appropriate one of the flve regression equations of the first step. _;b
| Thempson used this regional model te study the relatlonship between corn ylelds
and deviations from normal weather. Later, Thompson (1980) abandoned the two- f
step pooling approach In favor of a oie-step approach. He developed five ~
regression equations (one for each state) using the yleld, twelve DFN and
squared DFN variaebles, and the three trend terms., Unlike the first approach,
both the trend and weather variables are iIncluded in the same equation.

The Modeling Center staff of the Yield Model Development (YMD) project in i
Colunbla, Missouri decided to compare the results using both of 'Thompson's
approaches before selecting models for evaluation. Although Thompson estimated
” only state level ylelds, the Staff also wanted to extend his method in order to
- - estimate ylelds at the CRD level. For the two-step (pooled) approach, models

- for state level yleld estimates were obtained by closely following Thompson's
methodology (1969), The method differed only in that weather and yleld values
for three states (Iowa, Illinois, and Indilana) were pooled to develop the

regional model, and that weather "normals" were based on three-~state regional
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aver;atges royr'“ the period from 1950~1980, rather than using Thompson's five
states.,
CRD level yleld estimates using the two-step approact. were obtained by
applying Thompson's methodology at the state level.

The first step, computing

yield with normal weather, was performed separately for each CRD., Weather nor-

mals were based on individual state averages from 1950-1980. The DFN variables
and estimated yleld with normal weather for each year and each CRD were pooled
within each state. Three state models were then developed. These state models
were used to predict ylelds at the CRD level within each state.

For the one-step (unpooled) approach, state level corn yleld estimates were

obtained by closely following Thompson's methodology (1980), differing only in
that weather normals were based on three-state regional averages from 1950-1980.
for CRD level models, Thompson (1981) recommended fitting separate models for
each CRD using the same weather and trend variables as used in the state level
models. Weather "normals" used within each state were based on individual state
averages from 1950-1980.

"o develop CRD level data sets, published CRD level corn (for grain pur-
poses only) yleld data of the Statiswical Reporting Service (SRS) and Climatic
Division (CD) weathe» data of the Natlonal Oceanic and Atmospheric
Administration (NOAA) were used. For Iowa, Illinois, and Indiana, CD boundaries
exactly mateh those of CRDs. To develop state level data sets, weather
variables and ylelds at the CRD level were welghted by harvested area and aggre-
gated to the state level. To develop a regional level data set, weather
variables at the state level were welghted by harvested area and aggregated to
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’ the three state regional level.
Weather and yleld data from 1932 to 1980 were used to develop Indiana

models. For Iowa and Illinols, however, corn for grain ylelds are only

published as far back as 1956 and 1954 respectively. To increase the nurber of

years of data availlable for evaluation purposes, a "speclal'" Iowa and Illinois

corn for graln data set was used to extend the weather and yield data set for
each state back to 1950, In this "speclal" data set, areas harvested for grain
wei'e estimated based on historic relationships between areas harvested for grain
and areas harvested for all purposes. Iowa reported the corn for grain ylelds,
but in Illinois the ylelds were cormn for all purposes,

In all three states, the crop year of 1970 was eliminated from model deve-
) lopment because of the effect of corn blight on ylelds. The 1970 crop year was,
therefore, also eliminated during model evalustion.

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:; yle2ld indication reliabllity, objectivity, consistency with
scientific knowledge, adequacy, timeliness, minimum costs, simplicity,
and accurate current measure of modeled yleld reliability.

FEach of these characteristics will be discussed as they pertain to the Thompson-

type trend and monthly weather data corn yield models.
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Bootstrap Technlque Used to Generate
Indicators ¢.” Yield Rellability for Comparison of
Thompseon Approaches and Evaluation of Selected Models

Indicators of yield reliability (reviewed below) require that the parame-

ters of the regresslon mdoel be computed for a set of data and that a yleld pre-

diction be made based on the data for a glven "test" year, The values required

to gerierate indicatory of yleld relilability include the predicted yleld, ?, the
actual (reported) yield, Y, and the difference betwesn them, d = ¥ - Y, for each

test year. It 1s aesirable that the data used to generate the parameters for

the model not include data from the test year.

To accomplish thls, the "bootstrap" technique 1is used. Years from an };

earlier base perlod are used to generate parameter estimates for a prediction

equation. Values of the independent varisbles in the test year followlng the ~; s
..",“f‘ base period are inserted into the equation to produce a predicted yield for that | P
year. Then, the test year deta 1s added to the base period and a new prediction
equation and predictes yleld are generated for the following test year. This
process 1s continued over a ten year period (1971-1980) producing ten yleld pre- -
ol dictions independent of the data used to fit the model. The earllest year in
. the base period for Illinois is 1950, for Indiana 1932, and for Iowa, 1950.
Thus, for example, in Jllinois the data base period exiended from 1950-1969 (20
years) for the development of the predictiori model iIn test year 1971, from
1950-1969 and 1972 {21 years) for the development of the prediction mddsl in
test year 1972, etc.
It should be noted that the predicted ylelds are truly independent of the
Thompson's original

data base used to develop the regression coefficients.
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description of the model was published in 1970, prior to any of the &&U%,&%’
and his revision 10 years later did not affect the form of the model or the
indepentent variables involved; they remain the same In each model for each test
year,

Table 1 shows the average corn production and ylelds over the ten year test
period for each state and CRD. The table also contains the percent production
contributed to the state production total by each CRD and the percent production
each CRD contributes to the three state reglon production total.

Along with the CRD, state, and reglonal models already described, predicted
yields at the state level are dlso derived by obtaining a welghted aversge of
the CRD level predicted ylelds. At the region level, predicted ylelds are
obtained by calculating welghted averages both of the CRD model ylelds and of
the state model ylelds. In every case the welghting factor used is harvested
area. Results obtalned by sggregating from the state models are ldentified as
"state aggr." Results cbtalned by aggregating from the CRD models are lden-
tified as "CRDs aggr."

Review of Indicators of Yield Rellablllity

The Y, fand d values for the ten-~year test perliod at each geographlc area
may be summarized into various indicators of yleld rellsbility.

e
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Indicators Based on the Differences Between Y and ¥ (d =Y - Y¥)
Demonstrate Accuracy, Precisiori, Blas

From the d valuz, the mean square error (root and relative root mean square
error), the variance (standard deviation and relative standard devlation), and
the bias (its square and the relative blas) 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 distributed,
it lis sbout 68% probable that the absolute value of d for a future year will be
less than one RMSE and 95% probable that it will be less than twice the RMSE.
So, accurate prediction capability 1s Indicated by a small RMSE.

A non-zero bias means the model is, on the average, overestimating the
yleld (positive bias) or underestimating the yleld (negative bilas). The SD is
smaller than the RMSE when there 1s non-zero bias and indicates what the RMSE
would be If there were no blas. If the blas is near zero, the SD and the RMSE
would be close In value. For the purposes of thls report, a model with blas
close to zero 1s preferred.

Iridicators Based on Relative Differences Between Y and Y
(rd = 100d4/Y) Demonstrate Worst and Best Performance

The relative differerce, rd, is an especially useful indicator in years
where a low actual yleld 1s not predicted accurately. This 1s because years
with small observed actual ylelds and large differences often have the largest
rd values. Several ndicators ars derived using relatlve differences. To

calculate the proportion of years beyond a critical error 1limit, the number of
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years in which the #@hsolute value of the relative difference exceeds a critical
1imit of 10 percent was counted. The Initial limit of 10 percent was based on
earlier investigations made by Sebaugh (1981). The worst and next to worst per-
formance during the test period are defined as the largest and next to largest
absolute value of the relative difference. The range of yleld indication

accuracy 1s defined by the largest and smallest absolute values of the relative

difference,

A

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

Another set of indicators demonstrate the correspondence between actual and
predicted ylelds. It is deslrable for Increases In actual yleld to he
accomplished by increases in predicted ylelds. It is also desirable for large
(small) predicted ylelds to correspond to large (small) actual ylelds.

T™wo Indicators relate the change in direction of actual ylelds to the
corresponding change iIn predicted ylelds. One looks at change from the previous
year (nine cbservations) and the other at change from the average of the ore~
vious three years (seven observations). A base period of three years is used
since a longer .base period would further decrease the number of doservations,
while a shorter period would not be very different from the .comparison to a
single previous year.

Finally, the Pearson correlation coefficlent, r, between the set of actual
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 predicted
yields occurring with larger observed ylelds (and vice versa).




Current Measure of Modeled Yield Reliability
Defined By a Correlation Coefficient '

/ One of the model characteristics to be evaluated is its chility to provide

an accurate, current measure of modeled yleld rellability. Although a specific l

statistic was not discussed In the paper, Cvop Yield Model Test and Evaluation ;
Criteria, (Wilson et al., 1980), it vas stated that:

This "reliability of the reliability" characteristic can be evaluated by ,
s comparing model generated reliability measures with subsequently deter- '
N ‘ mined deviation between modeled and "true" yleld.

For regression models, this suggests the use of a correlatlon coefficlent

between two variables generated for reach test year. One variable 1s an Indica-

tor of the precision with which a prediction for the next year can be made,

based on the model development base perlod. The other varlable (obtained
retrospectively) 1s an indicator of how close the predicted value for the next

The estimate of the standard error of a

year actually is to the "true" value.
predicted value from the base period model, sy, 1s used for the first value, and
the sbsolute value of the difference between the predicted and actual yleld in
the test year 1s used as the second varisble, |d] .

A non-parametric (Spearman) correlation coefficient, r, is employed since

the assumption of bivariate normality cannot be made. A posltive value of
r(-1 < r < +1) Indicates agreement between sy and |[dal|, L.e., a smallew (larger)
value of sy 1s associated with a smaller (Larger) value of [d| . An r value

close to +1 is desirasble since it iIndicates that a small standard error of pre-
diction (and therefore a narrow prediction interval about the yleld being

predicted) is assoclated with small discrepancies between predicted and actual
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yields. If this were the case, one would have confidence in sg, as an indicator

of the accuracy of Y

MODEL COMPARISON

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

A statistical test has been constructed by considering that one mdel

performs better than another 1f its predicted ylelds, Y's, are closer to the

actual ylelds, Y's, than the other model. The rellsbility of each model i1s
related to the sbsolute value czf‘ the discrepancy bei;ween actual and predicted
ylelds. Thus, where|dy;} =|¥3 - Y| and|dy|=]¥2 - Y|, for mdel 1
(unpooled) and 2 (pooled), uie statistic of interest s D =|dy | -|do| . The
null hypothesis to b hat there 1s no difference in the reliability
of the two models over the ten test years. This hypothesls 1s rejected 1f it 1s
unlikely that the true D 1s equal to zero.

Two types of palred-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 distribu-
tion of D may not be a normal distribution. Also, the nonparametric test will
allow for the rejection of the null hypothesls i1f one model slightly, but con-
sistently, outperforms the other model; the parametric test wlll only reject
the null hypothesis if the average D value 1s large compared to 1ts standard

erro.

For the purpose of comparing pooled and unpooled Thompson-type models, the
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méicator's of yleld reliability are ranked. The model with the Indicator value

Indicating the best performance 1s glven a rank of one, and the other model is ?

given a rank of two. 1In case of tles, both are given a rank of one.
Indicators of Yield Reliabillity and

{
Statistical Tests Show Neither Model ? ‘f
Qutperforms the Other

The results of the parametric and nonparametric paired-sample statistical
tests, shown iIn Table 2, are Inconclusive., The pooled model generally 1s pre-
. ferred at the CRD level, especially in those CRDs with higher corn production
(Figure 1), but few of the differences are significant. At the state and r
regional level, the pooled models do not generally do as well as the unpooled s
model.s.
The rankings of indicators of yield relisbility are equally inconcluslve.
Figures 2a - 3 show the preferred model in each CRD based on the different indi-
cators. The bias indicators alone show a clear preference. The blas for the
unpooled model is negative in almost every CRD indicating that the model 1is con-
sistently underestmating the true yleld (Table 3c). The values are also higher
in general for the pooled model. If only the blas were consldered, the clear
choice would be the wnpooled model. Maly of the other indicators, however, tend
to favor the pooled model.
At the state and regional levels, the unpooled model 1s frequently the
better of the two. However, in Towa, the most Important state In terms of corn

production, the pooled model 1s frequently better.

In surmary, nelther the pooled nor the unpooled models can produce con-

sistently more relisble yleld predictions at the CRD, state or region level.
For this reason, both mndels will be evaluated in thls report, and both models

will be included in the evaluation tsbles.
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' consistently more relisble yleld predictions at the CRD, state or region leve.
. For this reason, both models will be evaluated In thls report, and both models
/ will be included in the evaluation tables.

MODEL EVALUATION
Indicators of Yield Relisbility Based ond =¥ - ¥

Show Large Root Mean Square Error,
Standard Deviation and Blas Values

'L

The CRD, state and region values of indicators of yleld reliability based
on d are given in Tables 3a, 3b, and 3¢. The root mean squar'és errors (RMSE)
range between 7 and 17 quintals per hectare for Iowa and Illinois CRDs, and from
I to 13 quintals per hectare for Indiana CRDs. The state and regional RMSE
range between 6 and 8 quintals per hectare except for Iowa which ranges from 9
to 13 quintals per hectare.

The standard deviations (SD) are also larger in Iowa, which is unfortunate
considering Towa's importance as a corn-producing state,

The blas values are larger in Illinols CRD 50 for the wnpooled model and
in Indiana CRD 70 for the pooled model. The effect of these large blas values
can also be seen In the large differences between SD and RMSE values for these
CRDs.

In most cases, the state level Indicator values are better than the CRL
values. Neither method of aggregation is conslstently better.

Indicators of Yield Reliability Based on rd - 1004/Y
Include Many Large rd Values

The CRD, state and reglon values for indicators of yield relisbillty based
on rd are given in Tables l4a, Ub, and Uc. Especlally in Iowa, sbsolute rd values
greter than 10% occur quite frequently. In most Iowa CRDs, absolute rd values

are greater than 10% nore than half the time, and never less than 40% of the

20
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time. In one of the test years Iowa CRD 70 has an rd of 121%., Indiana CRDs are

better, having ebsolute rd values greater than 10% only hetween 10 and 60 per-
cent of the time.
Again, state and regional models are slightly better, although the better

aggregation method cannot he determined.

Indigators of Yield Reliability Based on
Y and Y Show Poor Correspondence

Plots showing the actual and predicted ylelds using the state level models
for the ten-year test period are shown in Figures 6a, 6b, 7a, Tb, 8a, and 8b.
'I'he'. CRD, state and region values for indicators of yleld rellabllity based
directly on actual and predicted ylelds are shown in Tables 5a, 5b, and 5c.

In several cases the change iIn direction of pr'edic.ted ylelds agrees with
the change in direction of actual yields from the previous year less than 50% of
the time. This 1s not true as often for the change in direction from a three
year base period. It can also be seen in the plots of the state models (Figures
6a -8b) that the pooled model is less sensitive to fluctuatlons in the previous
year's actual yleld than is the upooled model and that nelther are very good at
predicting extreme values.

The Pearson correlation coefficients between actual and predicted ylelds
would be significantly different from zero if they were greater than .549 (for
= ,05). Very few of the correlations are significantly different from zero.

Indicators of Base Period Precision Are Poor Predictors
of Precision During Independent Tests

Certain ststistics generated from the regression analysls of the base
period data are often used to provide some indication of expected yleld reliabi-
1ity. However, these statistics only reflect how well the model describes the

27
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Figure 6a

Towa State Model, Actual and Predicted OF POOR QUALITY
Corn Yields for the test years 1971-1980
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i ; Figure 7b

Illinois State Model, Actual and Predicted
Corn Yields for the Test Years 1971-1980
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Corn Yields for the Test Years 1971~1980
Quintals/Hectare

UNPOOLED

T asy=] Yas sk

RIVE B FUREN S § AT S = PRFIICTED fTELY

-—.-+——--+-—-—4.—-.-_+————+——--+—-..,.. ---—+---—+——--+——

to/71

iwl2 1973 1974 Lla7o L1376 1977 1978 1979 19430

Y2




. g ORIGINAL PAGE IS
B Figure 8b OF POGR QUALITY
5 Indiana State Model, Actual and Predicted k
{ Corn Yields for the Test Years 1971-1980
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TABLE 5b
INDICATORS OF YIELD RELIABILITY
BASED ON ACTUAL AND PREDICTED YIELDS
PERCENT OF YEARS THE DIRECTION OF CHANGE
DURING INDEPENDENT TEST YEARS
TREND AND MONTHLY WEATHER DATA MODELS

FROM A THREE YEAR BASE PERIOD IS CORRECT

CORN
IOWA, ILLINOIS, INDIANA

POOLED

!

I UNPOOLED
’ _ A x

CRO

STATE

R e B I

— et \F | e

e e o -

A R e I L

e -

—~

—

1

H

1 g — N et s a) -1 od—
' S o e e —— e e A e e e it Yt e e e e e e —— ——
t

H

]

1

4 - —— L e b P NV A LA NL 7 1 — N T i NN e N D — -
1 =~ rstsoean Shut oo paYT 1~ A N AV RN +~
i — .

1

]

1

!

!

] i I e T = T e TN mrm e oy —~— —~—
1 o gt gt s Pq b s TP et e —t st e et N L~ e— — — [ T PRV L [ s JUr S g —d
| o~ e e e R N N L N NP, ~—— ~——
t

1

t

'

I A ™™y T P =t IAM 0D PO O (- ~
I S S~rT~sn~ngp —~7 e e 0+ T D NoT™ N~ TN g Lo
1 — -

H

t

1] Y . L) - o e
] ODDODDODODT kY OTODTDTIIDOD iy DOOTDO0O0ODD o iy
1 ~NNINC-eO uikS ~NMIITNON~-O WO ~NMINC~0S WS QSO
] =S o0 oGS O8O
] o< w o< Ca FAaa
1 = — = < b2

! w o wn 4 . Zuu
I wic =z wo L5 wo o2
L B ¢ —Q — Lt 4 — [ aptt SR TS f o
P = JqQ s | <O [®] J0 CoO<
t < | . - =z —~ by =
i — wn) — wn Lo w o wu

ity LR

e
"4

35



ORIGINAL PAGE I8
OF POOR QUALITY

—— om e e o e =
£t et ekt R P TSI T S T 5

J N L e Y

> e
[ =

LR PR T O SR
LT .
[N U A VR S

P W Y - e e e

e , .
PRIV Jiy S S U IR I B 5. S N X ot el anloatt -ttt

— 4 e S st o — B N N L . e g

R A A A P ¢ - L 3o
A TSt R T Y T TLRY 32T o
» & 8 & > & o .« B

et L. S B Fieliieg

TABLE 5¢
INDICATORS OF YIELD RELIABILITY
BASED ON ACTUAL AND PREDICTED YIELDS
CORRELATION BETWEEN ACTUAL AND PREDICTED YIELDS
UNPOOLED

H
1
1
}
!
]
H
1
H
1
1
1
)
3
1
{
]
1
1
H
i
]
1
!
i
)
1
H

IOWA, ILLINOIS, INDIANA

, oD IY SOOI DODODOTOO
NWWW%.IBQ. L ~UMINC-TT LS —SNMYFNO O
=l o8
Cca
=
w
wo
-
<t
—
wn

DURING INDEPENDENT TEST YEARS
TREND AND MONTHLY WEATHER DATA MODELS

K
INDTANA

[traa

STAT




ORIGINAL PAGL S
OF POOR QUALITY

data wsed to generate the model, i.e,, Pit of the madel, rather than low well

the model can prediet glven new data. Therefore, it is important to compare 8
these indicators of fit of the mdel to the Independent indicators of yield x '
reliab lity discussed iIn the preceding sections. In this way, one can see low
these base period indicators of fit of the model do or do not correspond to
independent test indicators of yleld reliability.

One indicator of yield relisbility, the mean square error (MSE), is the sum
of squared d values (4 = ¥ ~Y) for the independent test years divided by the
nuber of test years (Tables 3a - 3¢). ‘The direct analogue for the model deve- ; i
lopment base period 1s the resldual mesan square, The residual mean square 1s
obtalned by first generating the usual least squares predictlon equation using
the base perlod years. Then Instesd of predicting the yleld for the followlng
test year, ylelds are predicted for each of the base period years. The residual

mean square is the sum of squared d values for these base perlod wars divided

i ioiimsitn . 22
-

Ly the appropriate degrees of freedom (hunber of years minus nunber of parame-
ters estimated In fltting the model). Whereas one value of MSE ig generated
for each geographic area over the entire test period, a value of the veéidu&l
mean square 1s generated for esch base parlod corresponding to a test year in
that area. The low, high, and average of the base period values for cach area
are given In Tsbles 6a and 6b. The result of using models pooled o the state
level are readlly spparent in Table 6b,
The MSE values from Tables 3a, 3b and 3¢ are repeated In Tables Ga and

Gb., The MSE values sre all much larger than even the higher base period resi-
dual mean square values. Those models with larger base period resldusd mean

squares do not necessarily have larger independent best MSE values.
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Another indicator of yileld reliability 1s the Pearson correlation coef-
ficient, r, between the dbserved and predicted ylelds for the independent tzésb 3
years i’I‘ab,les 5a, 5b and 5¢). It 1s deslrable that r be close to +1, even Z
g though it can be negative. The analogue for the model development base period

1s the square root of R2, the coefficlent of multiple determination. The square )

iy

j root of Re, (expressed as a proportion), R (0 <R £ 1) may be iInterpreted as the

it i

correlation between observed and predicted values for the base period years.
The low, high, and average values of R for each geographic area are shown in A
Tables 7a and Tb, .

It can be readﬂy seen that the base year correlation coefficients are
extremely optimistic compared to the iIndependent test year coefficients. It
would be very difficult to estimate how well a méel would predict future years
based on the base period correlation coefficients.

NModels are Objective

To predict the yleld for a future year, the values for trend and any
weather-related variables in the models would be calculated and used with the
regression coefficlents derived when the models were developed. This would be a
completely objective process. * .

The models would probably be updated as new data were collected, and new
trend terms might need to be speciflied. The specification of these trend terms { 5
as described by Thompson would be a subjective process In any updated models. ‘
The original cholce of variables to be Included In the models was subjec-

tive Judgment. If all future updated verslons were to use the same variables,

this judgment process would not need o be duplicated.
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& it Yy e
' Models are Consistent
With Scientific Knowledge

The Thompson-type corn yleld models use two Uypes of variables: (1) trend

(year) as a surrogate for technology and (2) weather varisbles expressed as

deviations from normal. The assumption 1s that changes in corn ylelds are pri- :

marily due to changes in these two types of variables (Thompson 1980). ‘

In both the wnpooled and pooled Thompson-type models, the trend terms used *
were the same. The assumption was that after 1930 corn yleld hegan to Increase
due to the Introduction of hybrid varieties. A linear trend term based on the
year nutber was used to model this increase. Retween 1960 and 1970 there was a
sharp increase in corn ylelds apparently related to fertilizer use. During the .
seventles, this rapld Increase slowed somewhat. A combination of linear and cur-~
vilinear trend terms were used to model this increase (Thompson 1980).

Figures 9a, 9% and 9c¢ show the corn ylelds for each year in Iowa, Illinois,
and Indiana, respectively. The plots for Indiana, which cover the longest time
perlod, show that Thompson's assumptions about trend seem reasonable. The
yvields increase linearly until 1960 when a more rapid increase can be seen.

This rapld increase contlnues until 1970 when a tapering-off seems to occur.

During the 1970s, ylelds seemed to be particularly variasble, especlally in
Iowa. 'The year of the corn blight, 1970, can be seen to be a poor year in the

plots for all three states. Other poor years in the region are 1974 and 1980.

Possible reasons for these reductions from trend are included iIn Appendix A.

Monthly weather variables are used In the models. Monthly average tem-

perature for a glven year 1s not a very useful predictor of yleld if the range

of temperatures during the month is large. Total monthly precipltation may also
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be due to a moderate amount of precipitation severa® times during the month or
to a sng’e devastating flood. Monthly values a’though adequate in "average"
years cannot reflect the possible extremes that woul.d affect crops.

Both Linear (DFN) and quadratic (SQDIN) departure from normal terms apve
used in the models. '"Normal" was the average for each variable from 1932 to
1980 within each state. The variables used were cumuwlative precipitation from
the previous September through June of the present year (DFNCUM and SQDFNCUM)
June temperature (DFNT6 and SQDFNTS) July temperature (DFNT7 and SQDRNTT)
August temperature (DFNT8 and SQDFNT8) July rainfall (DFENP7 and SQDFNP7) and
August rainfall (DFNP8 and SQDFNP8). The August rainfall terms were not

cluded in the original pooled model. but were included in both the pooled and
unpoo..ed models in this study to make the models more comparable.

Both linear and quadratic terms were included due to the curviliear rela-
tionship between yields and departures from normal for the variables. These
curvilinear relationships were explained and defended by Thompson (1969). They
would seem to be iIntultively appealing in terms of scientific knowledge.

As shown In Appendix Cl and C2 not all of the variables included in the
model are statistically significant. The squared deviations from normal tem-
perature terms for instance. seem to be important only in Indiana. Although
1t 1s stated that high corn ylelds are associated with June, July and August
temperature and precipitation (Thompson, 1980) it is possible that a more par-
simonious model could be obtained by eliminating certain of the less critical

varlables.
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R : Figure 9a:
. »Jowa USDA Reported and Special Corn oF POOR
Yiclds, 1950-1980 (Quintals/Hectare)
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Figure 9b:

[ :!‘ L3
o Illinols USDA Reported and Special Corn

Yields, 1950-1980 (Quintals/Hectare)
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¥ Indiana USDA Reported and Special
Corn Yields, 1931-1980 (Quintals/Hectare)
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Thompson-Type Models Could Be Easily Developed OF POOR QUALITY
to Predict Yields In Other Geographic Areas

These models were originally developed by Thompson to model ylelds on a
five-state reglonal 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 nunber of input i
variables Involved, a long term time series of data would he necessary for ade- ?
quate 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 would be
unlikely in areas with fewer number of stations.

Timely Estimates Can Be Made Using Approximated
~ Weather Data And/Or Assumed Normal Weather

End-of-year ylelds could be predicted as early as September in the harvest

T T I

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 recelve that
month's average temperature and total precipitation at the climatic division
level from the National Climatic Center in Asheville, N.C. Estimates of these
climatic division values can be prepared earlier and these approximations could i
be used.

If within-season yield forecasts were needed, a combination of monthly data -
estimates for past months and assumed normal weather for months yet to come

could be used for predictions of yield.
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Thompson~Type Yield Models Are Not Costly to Operate

Operational costs of running these models for Iowa, Illinoils and Indiana
would not be high. The monthly data (average temperature and total rainfall)
obtalned on a timely basls are currently developed for other users on a routine
basls, so possibly the cost could he shared. To obtain the yleld estimates, the
weather data would need to be obtalned, and the regresslon equation calculations
performed. The pooled models require greater memory and time values than the
unpooled model s vhich might be a problem for some computer systems.

The more expensive part of the process 1s the malntenance of the historic

agricultural and n{eteor'ological data bases. 'The maintenance of the data bases

requires the part-time efforts of persons familiar wlth meteorological data,
agricultural data, and the computer system belng used. The re-development of
the models in future years, incorporating recent yleld and weather data, would
requlre someone skilled In regression methodology.

It 1s difficult to say how expens’vwe it would be to develop a model for a
geographlc area other than Iowa, Illinols, and Indiana. The avallability and
form of the weather and yield data would be determining factors.

The Mcdels Are BEasy to Understand and Use

The varlables contained in these models are very simple and straight-
forward, both to understand and use, as the variables iIn the mpdels are always
the same. Calculating the departures from normal is perhaps the most difficult
task, but this can be done easily with a simple computer program. Once the
historic weather and yleld data bases are created, they can be saved and used
repeatedly to re-caleculate departures from normal and to update models in

future years.
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Standard Errors of Prediction Provide
Poor Current Measures of Modeled Yield Rellability

The CRD, state and reglon values for the Spearman correlation coefficlent i '
between the estimate of the standard error of a predicted yield value and the
absolute value of the difference between the predicted and actual yleld are : I
shown In Table 8. Many of the coefficlents are low or even negative, indicating
that s§ does not provide a good measure of the closeness of the predicted
values to the actual values.

CONCLUSIONS

- Nelther the pooled nor the unpooled Thompson-type models are consistently
better than the other. Neither the paired-sample statlstical tests nor the
indicators of yleld reliability provide a clear indication that one method is
prefersble. The pooled model 1s superior for many of the Indicators, but has a ‘ }';
problem with bias, and also requires more computer time and memory than the
unpooled model .

The indicators of yleld relilsbility reveal these models to be of limited
value for large area corn yleld estimation. The models are dbjective and con- #
sistent with scientific knowledge. They could easlly be developed for pre~ : ‘
dicting ylelds iIn other geographic areas. Timely yleld estimates and forecasts E
can be made during the growing season. The models are not costly to operate and

are easy to understand and use. The model standard errors of prediction provide /

S

poor current measures of modeled yleld reliability.
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o TABLE 8 OF POOR QUALITY
4 CURRENT INDICATION OF MODELED YIELD RELIABILITY ‘
] BASED ON THE CORRELATION COEFFICIENT BETWEEN
BASE PERIOD PREDICTED AND TEST YEAR ACTUAL ACCURACY
TREND AND MONTHLY WEATHER DATA MODELS
CORN
IOWA, ILLINOIS, INDIANA ‘,
_{'
| UNPOOLED POOLED i
STATE  CP | e e e
1 .
N S !
0 " i . = ¢ C 3‘
‘340 | -y i 2 ; | '
"’30 i - ) ? ’24 : L4
60 | =hagw ) |
70 SRR b ’
RO - l"'; {2.1 1 3 .
30 P [ : :
STATE MODEL - Je b (1 : ) 2
ILLINOIS ;8 :)} 2‘ B 5
3u -z A 14 i
40 ~)n . (;‘
50 Lo
60 G > ' ! 1!
70 V.3 U ;
80 - r), ) \ '.’Y !
30 rL27 > '
STATE MODEL “h e 2 ;
INDTANA 10 S PO 5
R 20 -yl (2
" 30 TP LR i
40 -enl
: 50 -‘u'-'l’ (‘.‘
50 YA E
L 70 -3.11 (1) -
. 80 -1 (2) i ' :
50 dolA (2) | z . R
STATE MODEL Jen? (1) voo- .
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APPENDIX A
OF POOR QUALWV

Brief Description of Growing Cenditions for
Corn in the Bootstrap Test Years#

Year State Description
1971 Iowa Record yield up 19%, production up 367%.
Early planting due to cool and dry spring.
June very hot, but July very cool.
August very dry.
Early harvest with excellent conditions.
Nitrogen rate/acre down 6%,
Illinois Record yield up 27%, production up 30%.
‘ Planting completed early.
Crop growth and development continue ahead of schedule.
Early harvest with excellent conditions.
Nitrogen rate/acre down 5%.
. Indiana Record yield (up 33%) and production (up 497%).
Planting completed early due to cool temperatures.
June warm, but July-mid August cool.
Harvest completed early with excellent conditions.
Nitrogen rate/area down 1l1l%.
1972 Iowa Record yiela up l47%, production up 47%.
' Frequent rains delay planting.
iy Growing and harvest scason very ceel and wot
N Some hail and flood losses occur.
't Harvest delayed beyond end of year by rain.
ﬂ Nitrogen rate/acre unchanged from 1971.
Illinois Record yield up 4%, production down 5%.
Planting delayed by wet weather.
Harvest also delayed into 1973 by rains.
Nitrogen rate/acre up 12%.
Indiana Record yield up 3%, producti m down 97%.
Wet, cool spring delays planting.
Cool July, with dry weather in south.
e Harvest delayed by cool, wet weather.
: Nitrogen rate/acre up 12%.
' 1973  Iowa Yield down €%, production down 2%.

Planting delayed by frequent rains.

Growing season very wet and warm.

Harvest also delayed by rains, but excellent weather in
October allowed an early finish.

Nitrogen rate/acre down 1%.

e TG T S
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Brief Description of Growing Conditions for POOR QuALITY

Corn in the Bootstrap Test Years#*

Year

State

Description

1974

1975

Illinois

Indiana

Iowa

Illinois

Indiana

Iowa

Illinois

Yield down 6%, production down 37%.

Planting delayed by spring rains.

Summer growing conditions good.

Harvest occurred on time with excellent conditions.
Nitrogen rate/acre down 4%.

Yield down 2%, production up 5%.
Planting behind schedule due to rains.
Summer moisture mostly adequate.
Normal harvest timing.

Nitrogen rate/acre down 10%.

Yield down 257%, production down 207%.

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%.

Yield down 20%, production down 177%.

Excess rain and late freeze delay planting.

Wer fieids and early freezes delay maiuriiy.
Larger than usual abandonment and cut for silage.
Harvest delayed by wet weather.

Nitrogen rate/acre down 8%.

Yield down 28%, production down 277%.

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 117%.

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 1l%.

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%.

54

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

Year

State Description

o

SR sic St os i o

1976

1977

Indiana Yield up 34%, production up 42%. ' P
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%%.

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

Illinois 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%. ’ ?

Indiana . Record yield (up 127%) and production (up 267%).
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%%.

Iowa 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 1lls%.

Illinois Yield down 2%, production down 4Z.
Planting completed early.
Dry summer weather.
Harvest ahead of schedule through October, then slowed by
rains.
Nitrogen rate/acre down 8%.




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

APPENDIX 4

} Year State Description
Indiana Yield down 7%, production down 9%.
v Warm spring - planting completed early. )
K 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 1%.
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 dus to dry conditions.
Nitrogen rate/acre down 6}%.
1979 Towa 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%.
Illinois Record yield (up 15%) and production (up 14%).

Indiana

Nitrogen rate/acre 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%7%.

Record yield up 6%, production up 1Z%.
Planting delayed by cold, wet April.
Summer cool and moist with heavy rains in some areas.
Harvest period cool and dry, with early freeze.




APPENDIX A

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 3X%.

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 167, production down 117.
Planting completed early.
June cool; wet with some hail and £looding.
Very hot, dry July stresses crop.
Fall weather very favorable - harvest completed early.
Nitrogen rate/acre down l%.

* 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~l1, Illinois Coop-
erative Crop Reporting Service, USDA and Illincis Dept. of Agriculture.

Iowa Weather and Fleld 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.

Iowa 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 Unlversity, Agricultural Experiment Station.

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

Fervilizer Situation, reports for years 1971 to 1980, USDA Statistical Report-
ing Service.

’
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appendiz: C1 OF POOR QUALITY

Significance of Variables in Unpooled Model

x=p <.10 x¢x=p <.05 xx=p <.01
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Appendix C2 ORIGINAL PAGE IS
OF POOR QUALITY

Significance of Variable in Pooled Model
Step 1

p<.05 xx=pz< .0l
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Appendix C2 (cont) L
URIGINAL PAGE' I3

' Significance of Variable in Pooled Mode.l. OF PUOR QUALITY
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