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.Monthly Weather Data 7.xieR s for Cora
Yields in Iowa, Illinois and Indiana

Vikki A. French

SUMMARY AND CONCLUSIONS

The Thompson-type mode ,s evaluated could be used to forecast and estimate

corn yields in Iowa, Illinois, and Indiana. The variable year is used to deve-

lop surrogates for technological trend. Monthly average temperature and total

precipitation are used to construct meteorological variables. Two methodologies

were compared, pooled versus unpooled Thompson-type models. The pooled mdel

first fitted the data for technological trend in each Crop Reporting District

(CRD). Then the detrended CRd data within each state was pooled and the model

fitted 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
	

1

yield reliability and current measures of modeled yield 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 bias problem. The pooled model also requires more computer time and

memory than does the unpooled model.

The yield reliability indicators generally show that the models have

limited value for large area corn, yield estimation. The models are objective

and consistent with scienific knowledge. They could esily be developed to pre-

dict yields in other geographic areas. Timely yield forecasts and estimates can

1
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be made dur`ine t'6i growing season using normal, or long-range forecast weather

data. The models are not costly to operate and are easy to ulderstand and use.

The model standard errors of prediction do not provide a good current measure of

modeled yield reliability.

DESCRIPTION OF THE MODIELS

The corn yield models evaluated in this report are based on work by Louis

M. Thompson (1969, 1930) at Iowa State University to study the relationship bet-

ween weather and corn yields. In all models the basic historic weather

variables are. (1) cunutative 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 squared DFN values. The latter

are included because Thompson assured that the DFN variables are related to

yield in a curvilinear pattern resembling a parabola. Thompson used state level,

yield and weather data from five states ('Iowa, Illinois, Indiana, Ohio and

Missouri) to develop his models. Weather "normals" were regional averages of the

weather variables.

In his early work, Thompson (1969) used a tyro-step poling process with

data from 1930-1967. In the first step, a "yield with normal weather" is esti-

mated by setting all DFN values to zero and fitting a regression equation fbr

each state using three linear trend terms as the only independent variable. The

2
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first time trend Germ (7, END 1) is the year minus 1 929 for war,, ov:1m 1130 t

1960 and the value 31 for later years. `the second trend term MEtV 21 is vpro

for years prior to 1961, and the year value minus 1960 for later years. Tie

third year term (TREND 3) is the square of TREND 2.	 These trend terms are used

as a surrogate for technology. rIhompson (1969) assumed th y. technology ^as

introduced gradually from 1930 to 1960 and adopted more rapidly after 1960. `the

basis of this assumption was the increased use of nitrogen fertilizer on corn

to the five--state region. The independent variables are the DFN and squared DFN

variables, and the detrended yields (for each state and year) calculated from

the appropriate one of the five regression equations of the first step.

Tta:mpson used this regional nrmdel t<: study the relationship between corn yields

and deviations from normal weather. Later, Thompson (1930) abandoned the two-

step pooling approach in favor of a one-step approach. He dwvel.oped five

regression equations (one for each state) using the yield, twelve DFN and

squared DFN variables, and the three trend terms. Unlike the first approach,

both the trend and weather variables are included in the same equation.

The Modeling Center staff of the Yield Model Development (YMD) project in

Columbia, Missouri decided to compare the results using both of Thompson's

approaches before selecting models for evaluation. Although Thompson estimated

only state level yields, the Staff also wanted to extend his method in order to

estimate yields at the CRD level.. kbr the two-step (pooled) approach, models

for state level yield estimates were obtained by closely following Thompson's

methodology (1969). The method differed only in that weather and yield values

for three states (Iowa, Illinois, and Indiana) were pooled to develop the

regional, model, and that weather "normals" were based on three-state regional

i

3
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averages for the period From 1950-1980, rather than using `x'hiompson's five

states.

CRD level yield estimates using the two-step approach were cbtaineed by

applying Thompson's methodology at the state level. T1e first step, computing

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

mats were based on individual state averages from 1950-1980. The nVN variables

and estimated yield with normal weather for each year and each CRD were:pooled

within each state. Three state models were then developed.	 These state models	
a

were used to predict yields at the CRD level within each state.

Fbr the one-step (unpooled) approach, state level corn yield estimates were

obtained by closely following Thompson's methodology (19$0), differing only in

that weather normals were based on three-state regional. averages from 1950-19$0.

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.

1'ib develop CRD level data sets, published CRD level. corn (for grain pur-

poses only) yield data of the Statistical Reporting Service (SRS) and Climatic

Division (CD) weathe- data of the National Oceanic and Atmospheric

Administration (NOAA) were used. bbr Iowa, Illinois, and Indiana, CD boundaries

exactly match those of CRDs. Tb develop state level data seta, weather

variables and yields at the CRD level were weighted by harvested area and aggre-

gated to the state level.. Th develop a regional. level data set, weather

variables at the state level were weighted by harvested area and aggregated to

4
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the three state regional ler el.
Weather and yield data from 1932 to 1980 were used to develop Indiana	 I^

models. fbr Iowa and Illinois, however, corn for grain yields are only	 ail

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

years of data available for evaluation purposes, a "special" Iowa and Illinois
t

corn for grain data set was used to extend the weather and ;yield data set for

each state back to 1950. In this "special." data c,et, areas harvested for grain

weve estimated based on historic, relationships between areas harvested fbr grain

and areas harvested for all purposes. Iowa reported the corn for grain yields,

but in Illinois the yields were corn 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 yields. The 1970 crop year was,

therefore, also eliminated during model evaluation.

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.

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

type trend and monthly weather data corn yield models.

5
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Indicators of yield reliability (reviewed below) require that the parame-

ters of the regression mdoel be computed for a set of data and that a yield pre-

diction be made based on the data for a given "test" year. The values required

to generate indicators of yield reliability include the predicted yield, Y, the

actual. (reported) yield, Y, and the difference 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.

7b accomplish this, the "bootstrap" technique is used. Years from an

earlier base period are used tJ gener ate parameter eUtimateU ibr a prediction

equation,. 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 dQta is added to the base period and a new prediction

equation and predicted yield are generated for the following test year. This

process 1 continued over a ten year period (1971-1930) producing ten yield pre-

dictions independent of the data used to fit the model. The earliest year in

the base period for Illinois is 1950, for Indiana 1932, and for Iowa, 1950.

Thus, for example, in Illinois the data base period ex';ended from 1950-1969 (20

years) for the development of the prediction model in test year 1971, from

1950-1969 and 197 21 years) for the development of the prediction model in

test year 1972, etc.

It should be noted that the predicted yields are truly independent of the

data base used to develop the regression coefficients. Thompson's original.

6
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description of the model was ptblished In 1970, prior to any of the tes yew,

and his revision 10 ,years later did not affect the ibrm of the model or the

+.	 independont variables involved; they remain the name it7 each model, fbv each test

year.,

Table 1 shows the average corn production and yields 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 region production total..

Along with the CRD, state, and regional, models a7,ready described, predicted

yields at the state level, are also derived by obtaining a weighted average of

the CRD Leval predicted yields. At the region Level., predicted yields are

obtained by calculating weighted averages both of the CRD model, yields and of

the state model, yields. In every case the weighting factor used is harvested

area. Results obtained by aggregating from the state models are identified as

"state aggr." Results obtained byregating from the CRD rnodel.s arcs iden-

tified as "CRDs agggr."

Review of Indicators of Yield Reliability
a

The Y, Y and d values for the tera,-ycar test period at each geographic area

may be summarized into various indicators of yield reliabi.'lity.

7
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Indicators Pased on the Differences Between Y and Y (d = Y - Y
Demonstrate Accuracy, Precision, Bias

From the d valu3, the mean square error (root and relative root mean square

error) , the variance ( standard deviation and relative standard dwiation) , and
	 E

the bias (its square and the relative bias) are obtained.
r

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 is about 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 is indicated by a small RMSE.

A non-zero biat3 means the rmdel is, on the average, overestimating the

yield (positive bias) or underestimating the yield (negative bias). The SD is

smaller than the RMSE when there is non-zero bias and indicates what the RISE

would be if there were no bias. If the bias is near zero, the SD and the RMSE

would be close in value. kbr the purposes of this report, a model with bias

close to zero is preferred.

rs Based on Relative Differences Between Y and Y

The relative difference, rd, is an especially useful indicator in years

where a low actual yield is not predicted accurately. This is because years

with small observed actual yields and large differences often have the largest

rd values. Several indicators arc derived using relative differences. 'Ib

calculate the proportion of years beyond a critical error limit, the number of

9
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years in which the absolute value of the relative difference exceeds a critical

limit 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 yield indication

accuracy is defined by the largest and smallest absolute values of the relative

difference.

Another set of indicators demonstrate the correspondence between actual and

predicted yields. It is desirable for increases in actual, ,yield to be

accomplished by increases in predicted yields. It is also desirable for large

( small) predicted yields to correspond to large ( small) actual, yields.

Two indicators relate the change in direction of actual yields to the

corresponding 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 observations,

while a shorter period would not be very different from the .comparison to a

single previous year.

Finally, the Pearson correlation coefficient, 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 yields (and vice versa) .

10

f



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 Evaluation

Criteria, (Wilson et al., 1980), it yes stated that:

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

For regression models, this suggests the use of a correlation coefficient

between two variables generated for reach test year. One variable is an indica-

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

based on the model development base period. The other variable (obtained

retrospectively) is an indicator of how close the predicted value for the next

year actually is to the "true" value. The estimate of the standard error of a

predicted value from the base period model, sy, is used for the first value, and

the absolute value of the difference between the predicted and actual yield in

the test year is used as the second variable, 1 d .

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 smallee (larger)

value of sy is associated with a smaller (larger) value of j dl . An r value

close to +1 is desirable since it indicates that a small standard error of pre-

diction (and therefore a narrow prediction interval about the yield being

predicted) is azsociated with small discrepancies between predicted and actual

t^
s
r

H

r
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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 Compared Using
tatistical. Tests and Ranked According to Performance

A statistical test has been constructed by considering that one model

performs better than another if its predicted yields, Y's, are closor to the

actual yields, Y's, than the other model. The reliability of each model is

related to the absolute value of the discrepancy between actual and predicted

A

	 A

yields. Thus, where I dl `	 Y1 - Y ( and I d2	 Y2 - Y , for model 1

(unpooled) and 2 (pooled), u,ie statistic of interest is D = dl - ` d2 	 The

null hypothesis to be -tested is that there is no differCtlCie in the reliability

of the two models over the ten test years. This hypothesis is rejected if it is

unlikely that the true D is equal to zero.

Two types of pal red-sample statistical tests are used: a parametric test

using Student's "t" test statistic and a nonparametric test using the Wilcoxon	 ;1

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 hypothesis if one model slightly, but con-

sistently, outperforms the other model; the parametric test will only reject

the null hypothesis if the average D value is large compared to its standard

erro.

For the purpose of comparing pooled and unpooled Thompson-type models, the

12
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" indicators of yield reliability are ranked. The model with the indicator value

indicating the best performance is given a rank of one, and the other model is

given a rank of two. In case of ties, both are given a rank of one.

Indicators of Yield Reliability and
Statistical Tests Show Neither Model

Outperforms the Other

The results of the parametric and nonpararnetr{c paired-sample statistical

tests, shown in Table 2, are inconclusive. The pooled model generally is pre-

ferred at the CRD level, especially in those CRDs with higher corn production
f

(Figure 1), but few of the differences are significant. At the state and

regional level, the pooled models do not generally do as well as the unpooled

models.

The rankings of indicators of yield reliability are equally inconclusive.

Figures 2a - 3 show the preferred rrodel in each CRD based on the different indi-

cators. The bias indicators alone show a clear preference. The bias for the

unpooled motel is negative in almost every CRD indicating that the model is con-

sistently underestmating the true yield (Table 9c) . The values are also higher

in general for the pooled model. If only the bias were considered, the clear

choice would be the unpooled model. Many of the other indicators, however, tend

to favor the pooled model.

t
	 At the state and regional levels, the unpooled model is frequently the

d
	

better of the two. However, in Iowa, the most important state in terms of corn

production, the pooled model is frequently better.

In summary, neither the pooled nor the unpooled models can produce con-

sistently more reliable yield predictions at the CRD, state or region level.

For this reason, both m,.-)dels will be evaluated in this report, and both models

will be included in the evaluation tables.
V

13
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v
consistently more reliable yield predictions at the CRD, state or region lave.

For, this reason, both models will be evaluated in this report, and both models

will be included in the evaluation tables.

MODEL EVALUATION

rs of Yield Reliability Based on d = - Y
Show Large Root Mean Square Error,
Standard Deviation and Bias Values

The CRD, state and region values of indicators of yield reliability based

on d are given in Tables 3a, 3b, and 3c. The root mean squares errors (RMSE)

range between 7 and 17 quintals per hectare for Iowa and Illinois CRDs, and from

4 to 13 quintals per hectare for Indiana CRDs. The state and regional RMSE

range between 6 and 8 quintals per hectat •e except for Iowa which ranges from 9

to 13 quintals per hea tore _

The standard deviations (SD) are also larger in Iowa., which is unfortunate

considering Iowa's importance as a corn-producing state.

The bias values are larger in Illinois CRD 50 for the unpooled model and

in Indiana CRD 70 for the pooled model. The effect of these large bias 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 consistently better.

ators of Yield Reliability Based on rd - 100d
Include Many Large rd Values

The CRD, state and region values for indicators of yield reliability based

on rd are given in Tables 4a, 4b, and 4c. Especially in Iowa, absolute 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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'	 TABLE 3a
INDICATORS OF YIELD RELIABILITY

BASED ON d = PREDICTED - ACTUAL YIELD
ROOT MEAN SQUARE ERROR (QUINTALS/HECTARE)

DERIVED FROM INDEPENDENT TEST YEARS

TREND AND MONTHLY WEATHER DATA MODELS
CORN

IOWA, ILLINOIS, INDIANA

f

I UNPOOLED POOLED
STA TF' cR)

IOWA►+i A 1 U	 I `^_
2U	 I '.7! tom?	 ! lc./: t^
3U	 I 1	 s.I r?	 I ,,, t^,
4U	 i 1	 ^.^^	 ^ t	 l`	 I t	 ^,,,^ ra.,

70	 I (	 7 . 1-+ tit	 I 1	 7.	 ss , (t
au

STATE MODEL	 I 1 r.'.-3 (2)	 I 1	 ► •1^ tip

ILLIN0I5 lU	 I °,.at (a	 i ^,y-, (2^

60	 1 ll.^+l ti)	 I ^.a^^ (lt
7U	 I 1^.^^•i (2)	 i l,^F, (1+
80

STATE MODEL	 I ^^.	 3^, t	 1	 i ^. °a 1 (-'tCRI)S AGGR. I
I

J , (	 1)	 I
I

1. 1 (e)

INDIANA lU	 j 1?.^1 (2a	 I S.^7 (1^
20	 I 1.74 (1)	 I a.^^ (?^

5 U 	 I
60

1.97 (2)	 1 1. i^ t	 l	 t
2T	 I n• y -) fa1

70	 I 3.a t1 2)

90 11	 f 1.4r' (21
STATE MODEL	 I . 7 ri (?)	 I •^.

CRDS AGGR.I 5. (1)	 I 7.^4 ('

REGION MODELI I
CRDS AGGR.! ^^.1 (1)	 I 1,+: fC^

STATES A( GR. 1 l . ^)'4 t	 ^)	 i , ^^ ( 1
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WAtrrVTABLE 3b
INDICATORS OF FIELD RELIABILITY

BASED ON d - PREDICTED - ACTUAL YIELD
STANDARD DEVIATION (QUINTALS/HECTARE)
DERIVED FROM INDEPENDENT TEST YEARS

TREND AND MONTHLY WEATHER DATA MODELS
CORN

IOWA, ILLINOIS, INDIANA

,a^	
4•

UNPOOLED ,	 POOLED

1

11.^a 1 tli I	 ^^.'^ tr?1
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1
I
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I
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STATE	 CRO

IOWA	 10
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40

6i Uf
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STATE MODEL I
CRUS A(7GR • t

I
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40 1
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7U I
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STATE MODES I
CRDS AGGR - l
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TABLE 3c
INDICATORS OF YIELD RELIABILITY

BASED ON d = PREDICTED - ACTUAL YIELD
BIAS (QUINTALS/HECTARE)

DERIVED FROM INDEPENDENT TEST YEARS

TREND AND MONTHLY WEATHER DATA MODELS
CORN

IOWA, ILLINOIS, INDIANA
I

( UN1'OOZED t	 FOOLED
STATE
------------

CRD I
I---------

s it	 I. , ;f:	 .
------

i	 •;	 1	 ',	 I
--------

I	 .l	 .
----

30 — c'. +ti t1+

70 31
80 1 i.al (^) I	 —.^.	 t	 / (11

STATE MODEL
1
I 2. i t, (1)

I
i	 — i, i 4 (2t

CROS AGGR.1
I

l.^f) (1) I	 —	 .;^a4 (rt

ILLINOIS 10
I
1 1.7•' (l)

I
1	 —c'.	 +^ t2 t

30 —^i.^^ Iii1 (1) 1	 —r. iµ
40 1 c+.4 1	 U. 7? (1)
50 J.is (1+
6U (?)

STATE MODEL I 1.31i (1) 1	 —1.-31 (r')
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I
1

I
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INDIANA 10 1 — J.4^ c?) I	 —^.^+ (11
20 1 1.	 3-^ (1) I (2)
30	 1 t) (1) 1	 —.3.C1 (Gt

50 I 2.)
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TABLE 4a	
OF POOR Q

INDICATORS OF YIELD RELIABILITY
BASED ON RD = 100 * (PREDICTED - ACTUAL YIELD)/ACTUAL YIELD

PERCENT OF YEARS (RELATIVE DIFFERENCE) > 10%
DERIVED FROM INDEPENDENT TEST YEARS

TREND AND MONTHLY WEATHER DATA MODELS
CORN

IOWA, ILLINOIS, INDIANA

REGION 400_L
CLADS AW.

STATES AGGR.
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INDICATORS OF YIELD RELIABILITY	
OF POOR QUALITY

BASED ON RD	 100 * (PREDICTED - ACTUAL YIELD)/ACTUAL YIELD
LARGEST IRELATIVE DIFFERENCEI

R.	
DERIVED FROM INDEPENDENT TEST YEARS

TREND AND MONTHLY WEATHER DATA MODELS
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STATE	 cp--, I	 .,,3	 I	 ^	 r

---	 ---------------1----------

	

20 1	 3^.^+	 (^)	 I	 — 2.'^	 (L1

	

3u 1
	

j^.l	
tli	 I	 - ^l. y 	tai

	

40 I	 +, •

70	 1	 121.3	 (?)	 I	 121.^ 	 (1)

►10	 1	 A1. ^	 (r?)	 I	 •)1.	 ( 11

	

g u 1	 Ji	 (2)	 I	 -24• 4	i t s

	

I	 1

	

STAT E 1^io f)EL 1	 4 ^ 	 (2)	 (	 3:s.^	 (t 1
	C^tl)S ^1G(i^. 1	 3 ^.' a 	t 1!	 I	 .^^. 1	 (fit

	

I	 I
l

	

IL.LIN0IS I  1	 1.3.ti	 Q)	 I	 Gi.l	 ( l^

30 1

4..0	 (p)	 I	 ,..s	 (11h	 3'

	

0 1	 -31.7	 (2!	 i	 -i^.0	 01

7	
(11

	u 
1	 ,?^.l	 (^1	 I	 ^y..i 

	

ST C DS M AUGC .1	 i.	 (li	 I	 - GI.F	 (c

	

I	 I
I

I f-jDI ANIA	 1 U	 1	 3-► . a	 (1)	 I	 J4.	
(l )r?U	 I	 +h.	 (p)	 1	 1 . a	 t2)

30 p	 34.5	 (t)	 I	 j'".`,
4U 1	 - 32.'	 t 1)	 1	 31 ^ 4	 t l50 1	 34.3	 (^)	 I

STATE r4nv)EL 1	 X1.7	 ())	 I	 27.E
C p OS A66R. 1	 27.	 (1)	

1	
2 7. 7	 (2)

t
REG I ON MOD : 1. I	

<1/ . 7	 t l)	 ICRQS AGGi - I
STATES AGG( . 1	 s2. ^	 (?)	 I	 2^ . 1	 i 1 )

25



1	 b

ORIGINAL. PAGk IS

TABLE 4c	 Ur POOR QUALITY

INDICATORS CF YIELD RELIABILITY
BASED ON RD = 100 * (PREDI"" ED - ACTUAL YIELD)/ACTUAL YIELD
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time. In one of the test years Iowa CRD 70 has an rd of 1210. Indiana CRDs are

better., having absolute rd values greater than 10 only between 10 and 60 per-

cent of the time.

Again, state and regional, models are slightly better, although the better

aggregation method cannot be determined.

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

Plots showing the actual and predicted yields using the state level models

for the ten-year test period are shown in Figures 6a, 6b, 7a, 7b, 8a, and 8b.

The CRD, state and region values for indicators of yield reliability based

directly on actual and predicted yields are shown in Tables 5a, 5b, and 5c.

In several cases the change in direction of predicted yields agrees with

the change in direction of actual yields from the previous year less than 50% of

the time. This is 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 fluctuations in the previous

year's actual, yield than is the unpooled model and that neither are very good at

predicting extreme values.

The Pearson correlation coefficients between actual, and predicted yields

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 P recision Are Poor Predictors

Certain ststuistics generated from the regression analysis of the base

period data are often used to provide some indication of expected yield reliabi-

lity. However, these statistics only reflect how well the rrndel describes the
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Figure 6a

Iowa State Model, Actual and Predicted
Corn Yields for the test years 1971-1980
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Iowa State Model, Actual and Predicted Corn Yields
for the test years 1971-1980
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Figure 7a

Illinois State Model,, Actual and Predicted
Corn Yields for the Test Years 1971 - 1980
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Figure 7b

Illinois State Model, Actual. and Predicted
Corn Yields for the Test Years 1971-1980
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Indiana State Nadel, Actual and Predicted
Corn Yields fdr the Test Years 1971-1980
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TABLE 5a
INDICATORS OF YIELD RELIABILITY

BASED ON ACTUAL AND PR EEDICTED YIELDS
PERCENT OF YEARS THE DIRECTION OF CHANGE

FROM THE PREVIOUS YEAR IS CORRECT
DURING INDEPENDENT TEST YEARS

TREND AND MONTHLY WEATHER DATA MODELS
CORN

IOWA, ILLINOIS, INDIANA
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TABLE 5b
INDICATORS OF YIELD RELIABILITY

BASED ON ACTUAL AND PREDICTED YIELDS
PERCENT OF ',EARS THE DIRECTION OF CHANGE
FROM A THREE YEAR BASE PERIOD IS CORRECT
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TABLE 5c
INDICATORS OF YIEI.D RELIABILITY

BASED ON ACTUAL AND PREDICTED YIELDS
CORRELATION BETWEEN ACTUAL AND PREDICTED YIELDS

DURING INDEPENDENT TEST YEARS
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data used to generate the imdel, i.e., fit of the wdel, rathev than I-ow well

the model can predict given new data. Therefbre, it is i ►nr*rtant to rcxnjxire

these indicators of fit of the wdel, to the independent, indievators of yield

relirbility discussed in the preoeding sections. Th this icy, one cm--i see 1-ow

these base period indicators of fit of the twdeL do or do not oorresprid to

independent test indicators of yield reliability.

tine Indicator of yield reliability, the mean square error, (MSE), is the sum

of squared d values (d - Y - Y) Lbv the independent test years divided by the

nunbev of test years (Tables 3a - 30 - The direct analogue, tar , the model deve-

lopiient base period Is the residual mean square. The residual, i ► an square is

obtained by first generating the usual least squares prediction equation using

the base period years. Thon instead of predicting the yield fbw the tbllowing

test yeav, yields are predicted A)r each of the base period years. Inie residual

mean square is the stuii of squared d values fbv these base period years divided

by the appropriate degrees of freedom (nunbet, of years minus nunber of Wame-

ters estimated in fitting the wdel). Whereas one value of MSE 1,4; generated

for each geographic area over the entire test period, a value of the residual

mean square Is generated for eacb base period corresponding to a test year in

that area. The low, high ,, and average of the base period values tbr eacb area

are given jai Tables 6a mid 6b. The result of using nodels Pooled to the state

level are readily apparent in nble 6b.

The ME values from Tables 3a ) 3b and 3c are repeated Jn I ftles 6a and

6b. Tbe WSE values are all much larger than even the higher base period resi-

dwcLl mean square values. Morse wdels with larger base period residual, mean

squares t'b not necessarily have larger independent test, ME values.
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Another indicator of yield reliability is the Pearson correlation coef-

ficient, r, between the observed and predicted yields for the independent test

years (Tables 5a, 5b and 5c) . It is desirable that r be close to +1, even

though it can be negative. The analogue for the model development base period

is the square root of Rz , the coefficient of multiple determination. Tie square

root of R2 , (expressed as a proportion), R (0 < R < 1) may be interpreted as the

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

Tables 7a and 7b.

It can be readily seen that the base year correlation coefficients are

extremely optimistic compared to the independent test year coefficients. It

would he very difficult to estimate how well a model would predict future years

based on the base period correlation coefficient°.

K,Ddels are Objective

To predict the yield for a future year, the values for trend and any

weather-related variables in the models would be calculated and used with the

regression coefficients 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 specified: The specification of these trend terms

as described by Mmmpson would be a subjective process in any updated models.

The original choice of variables to be included in the models was sub,jec-

tive ,judgment. If all future updated versions were to use the same variables,

this ,judgment process would not need bo be duplicated.
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Models are Consistent
With Scientific Knowried e

The Thompson-type corn yield models use two types of variables: (1) trend

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

deviations from normal.. The assumption is that changes in corn yields are pri-

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

In both the ulpooled and pooled Thompson-type models, the trend terms used

were the same. The assumption was that after 1930 corn yield began to increase

due to the introduction of hybrid varieties. A linear trend term based on the

year number was used to model this increase. Between 1960 and 1970 there was a

sharp increase in corn yields apparently related to fertilizer use. During the

seventies, this rapid increase slowed somewhat. A combination of linear and cur-

vilinear trend terms were used to model, this increase (Thompson 1980) .

Figures 9a, 9b and 9c show the. corn yields for each year in Iowa, Illinois,

and Indiana, respectively. The plots for Indiana, which cover the longest time

period, show that Thompson's assumptions about trend seem reasonable. The

yields increase linearly until 1960 when a more rapid increase can be seen.

This rapid increase continues until 1970 when a tapering-off seems to occur.

During the 1970s, yields seemed to be particularly variable, especially 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 in Appendix A.

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

perature for a given year is not a very useful predictor of yield if the range

of temperatures during the month is large. Zbtal monthly precipitation may also
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be due to a moderate amount of precipitation severs,', times during the month or

to a sing',e devastating flood. Month?.y values a2.though adequate in "average"
+,

years cannot reflect the possible extremes that wou.'.d affect crops.

?3oth Unear (DEN) and quadratic (SQDrTl) departure from normal terms are

used in the models. "Norma" was the average for each variable from 1932 to

1980 within each state. The variables used were cumu?.ative precipitation from

the previous September through June of the present year (DP:ICUM and SQDRICUM)

June temperature (DFNT6 and SQDFNN) July temperature (DR117 and SQDF177)

August temperature (DFNT8 and SQDFNT8) July rainfall (DFNP7 and SQDFTIP7) and	 w

August rainfall (DENP8 and SQDFNP8). The August rainfall terms were not

included in the original pooled model. but were included in both the poo'.ed and

unpooled 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 intuitively appealing in terms of scientific knowledge.

As shown in Appendix 01 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

it is stated that high corn yields 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.

variables.
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' Figure 9a:
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Figure 9b:

lilinois USDA Reported and Special Corn
Yields, 1950-1980 (Quintals/Hectare)
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ORIGINAL PAGE ISFigure 9r.:	 OFPOOR QUAL"

Indiana USDA Reported and Special
Corn Yields} 1931-1980 (Quintals/Hectare)
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ORICxiNQ QUALITY
Thompson TyRe Models Could Be Easily Developed OF PQ

to Predict Yields in Other Geographic  Areas

These models were originally developed by Thompson to model yields on a

five-state regional, scale and have since been applied to state and CRD levels.

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

monthly weather data were available. Because of the large number of input

variables involved, a long term time series of data would be 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 yields could be predicted as early as September in the harvest

year, but this would be dependent on the availability of the weather data. It

normally takes about three months after the end of a month to receive 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

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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ORIGINAL PAGE 1.?	 OF POOR QUALRyI	 ;.
Thompson-Type Yield Models Are Not Costly toOperate

Operational costs of running these models for Iowa, Illinois and Indiana ^I

would not be high. The monthly data (average temperature and total rainfall) 	 {
1

obtained on a timely basis are currently developed for other users on a routine 	 3

basis, so possibly the cost could be shared. To obtain the yield estimates, the

weather data would need to be obtained, and the regression equation calculations

performed. The pooled models require greater memory and time values than the

unpooled models which might be a problem for some computer systems.

a The more expensive part of the process is the maintenance of the historic

agricultural and meteorological data bases. The maintenance of the data bases

requires the part-time efforts of persons familiar with meteorological data,

agricultural data, and the computer system being used. The re-development of

the models in future years, incorporating recent yield and weather data, would

require someone skilled in regression methodology.

It is difficult to say how expensl.tre it would be to develop a model for a

geographic area other than Iowa, Illinois, and Indiana. The availability and

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

The Models Are Easy to Understand and Use

The variables contained in these models are very simple and straight-

forward, both to understand and use, as the variables in the models 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 yield data bases are created, they can be saved and used

repeatedly to re-calculate departures from normal and to update models in
I

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

.

	

	
The CRD, state and region values for the Spearman correlation coefficient

between the estimate of the standard error of a predicted yield value and the

absolute value of the difference between the predicted and actual yield are

shown in Table R. Many of the coefficients are low or wren negative, indicating

that sy does not provide a good measure of the closeness of the predicted

values to the actual values.
CONCLUSIONS

Neither the pooled nor the unpooled Thompson-type models are consistently

better than the other. Neither the paired-sample statistical tests nor the

indicators of yield reliability provide a clear, indication that one method is

preferable. The pooled model is superior for many of the indicators, but has a

problem with bias, and also requires more computer time and memory than the

unpool ed model. .	
1

The indicators of yield reliability reveal these models to be of limited

value for large area corn yield estimation. The models are objective and con-

sistent with scientific knowledge. They could easily be developed for pre-

dicting yields in other geographic areas. Timely yield estimates and forecasts

can be mane 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

poor current measures of modeled yield reliability.
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{	 ORIGINAL PAGE t3

TABLE $	
OF POOR QUALITY

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

STATE:	 Cp)	 I
----------- —i

InolA	 10	 t
20	 1

0
24 0 	 1_ itM

50	 1 -

70	 I ;l,	 ..

)10 	 I -^	 A	 ' l' \ L•r	 i
90	 I '^.`^•` ;'t	 i	 z

STATE MODEL	 I i
ILLINOIS	 10	 1

20	 1

4
—

50	 1 ,-
60	 1 i

70	 I ^. (')	 s

90

SPATE MODEL	 I —'+	 }' F

I I jDIANA	 10
20	 t
30	 1 17

40	 ( —^.'^1 (t
50	 t
60 ii,	 l

80	 1 -0 . 1 1 (')	 i
90

STATE MODEL	 1 ;).4;:^ (1)
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APPENDIX A	 ORIGINAL PAGE I
OF POOR QUALITY

Brief Description of Growing Conditions for	 I{

Corn in the Bootstrap Test Years*

Year	 State	 Description

1971	 Iowa	 Record yield up 19%, production up 36%.
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 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%.

1972	 Iowa	 Record yiela up 14%, production up 4%.
Frequent rains delay planting.
Growing	.7 L.	 a	 `ry co-01 andotw  an- uurJC:^^ v^. u.;. via w .^ •.	 •.

Some hail and flood losses occur.
Harvest delayed beyond end of year by rain.
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%, product'.in 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%.

1973	 Iowa	 Yield down' E%, production down 2%.
Planting delayed by frequent rains.
Growing season very wet and warm.
Harvest also delayed by rains, but excellent weather in 	 li

October allowed an early finish.
Nitrogen rate/acre down 1%.
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Brief Description of Growing Conditions for 
OF POOR QUALITY

Corn in the Bootstrap Test Years*

Year	 State	 Description

Illinois	 Yield down 6%, production down 3%. 	 k

Planting delayed by spring rains.	 {
Summer growing conditions good.
Harvest occurred on time with excellent conditions.
Nitrogen rate/acre down 4%.	 1

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 waLuriLy.
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%.	 j
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Brief Description of Growing Conditions for
Corn in the Bootstrap Test Years*

Year	 State	 Description

Indiana	 Yield up 34%, production up 42%.
Excellent spring planting conditions.

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

Harvesting completed normally.
Nitrogen rate/acre up 311%.

I

1976	 Iowa	 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%.

Illinois	 Yield down 8%, production down M
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 12%) and production (up 26%).
%Io .7 

d ry
	 her for 

^	 tuV.1 LL, LLLy weat her  	 p lant ing.b'

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 2231%.

1977'	 Iowa	 Yield down 27., 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 11^%.

Illinois	 Yield down 2%, production down 4%.
Planting.completed early.
Dry summer weather.
Harvest ahead of schedule through October, then slowed by

rains,.
Nitrogen rate/acre down 8%.

55

a;



APPENDIX A

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

Year	 State	 Description

Indiana	 Yield down 7%, production down 9%,
Warm spring - planting completed early.
Hot and dry late June through July - some crop stress.
Wet, warm fall - harvest delayed.
Nitrogen rate/acre up 81.

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 due to dry conditions.
Nitrogen rate/acre down 611%.

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%.

Illinois	 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 41^%.

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 1411%.
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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.

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 University, Agricultural Experiment Station.

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

Fertilizer Situation, reports for years 1971 to 1980, USDA Statistical Report-
ing Service.
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APPEW)TX R1.

'
TEST

CORV~Y
	

INFOR
T)M)Ar I	 LINOISv AND INDIANA UNPOURD..

USING A	 HOMPSON-TYPE MODEL a

STATE	 'CRb YEAR ACTIJAL ( PREQ.' D RD PREDs--r r+irrr.bow.r------------ -----.-r.-------------r-r -----ter --
I0 ,4A 	 10 1x71 61.6 7i.6 14. 0 22.7 21. 2 2

1972 7?.8 79.1 6.3 b.l 7,83
1973 69.1 79.5 10.4 15.1 5.63
1974 47.1 61.4 '14.3 30,4 10.32
1975 55.0 47.9 -7.1 -12.9 9.56
1976 45.9 53..3 12.4 27.0 8.21
1 c+77 64.6 1+9.7 -14.9 -23.1 9.10
1 1-17 03 7i:O 73.4 -1 . 6 -2.1 9.`J8
197 ,j 77.d L.)0 4 -27.4 -.i5.2 .4 63
19^3U 73,3 ')3.3 -10oO -1.3.6 r.S7

2V 1971 t)7.0 9907 2.3.7 35.4 13.33
1972 73.d 79.0 5.2 7.0 15.24
1973 6--1.9 72.4 3.5 5.1 13.22
117 ^+ 59.7 7 ).1 14.4 --6, + Ffi..35
19 15, 59. 1) h4.1 4.>_ 7.0 8.35

1977 64;3 52,2 -12.1 -18.6 9.313
1976 7^J.9 6a.7 6.2 -8.2 8.2?
1979 blob 65.6 -16.0 -19.6 16.23
1980, 76.6 54.0 -24.6 -31.3 14.91

30 1-)71 t-, 1 ) .9 64.7 23.8 39.1 1 ,+. n 2
1 1l72 (-A 9 71.9 3o1) 4.4 la.o 71lv7j 65. () 81:8 16.8 25.b 10.60
1974 5513 6).1 13.3 25.0 10. 73
1575 65.1 65.9 7.8 13.4 b.89
1976' 5b.9 61.4 605 11.4 7.:3b
197% 70,0 5'?.9 - 10.1 - 14.4 1.3.2a
1*)7d 74.1 56.6 -15.5 - eo.9 7,.33
1979 dl 09 6'7.6 - 14.3 - 17.i 11.52
1961) 7ti.2 k3t ► .9 4.7 6.2 6.11

40 1971 57.8 57.6 -0.2 -0.3 21.05
1972 7?.7 60.8 -11 * 9 -1h.4 9.b3
1 0 73 66.7 57.5 0.8 1.2 9.14
1'.)74 44.5 b5.5 22.0 49.4. 8.22
1 14 75 5 3.2 51.-1 4.6' b.6 6.44
197b 44.3 4;.^.h 4.3 9.7 7.69
1977 46.h x+2.7 -3.9 -8.(+ 5.94
1978 • 72.2 51.1 -15.1 -20.9 4.84
1-)79 74.7 63.2 -11.5 -15.4 6.03
i r)80 5,4.5 45.5 -9.0 -16.5 6.30
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FOR "CO RN A Ylt LU3 IrN-
	 s

IO4A9 I	 LINO Sr	 ANN INDIANA
USING A THOMP ON-TYPE MODEL

YTFLD (O/H) ^DE«
STATE	 C;D	 YEAR
-------------w. -. m -------------------

ACTUAL PREU,	 D
m -----------

RD	 PPED«

I OWA	 50 1971 brs.3 80.r) 11.7 17.1 8 07
1972 7A,2 74.h 3.6 4 ,b 5. '5'3
197.3 71.1 91.5 10.4 1 4.5 '1,84
19.74 59 1 9 67.5 7.6 12.7 5.b3
1975 6118 73.5 16.7 27.0 5.h7
1976 bc«t) 59« q -6.0 -9«2 X1 .76
1977 41 1 2 59.6 18.4 14.7 b:4a
1976 7?9 b^.5 -3.4 -4.f 6,U9
1979 d4:9 6 7.5 -17.4 -eU.S 5.0T
1980 7,1.m oi.9 -6:9 -9.0 7.42

6U 1971 b •^.2 85 ,1 0 15.3 r2. b 1.3.92
IQ72 71.6 67.3 -4.3 -6,U 10.U4
197.3 :, 3.3 MCI .9 5. 1 5, U 6.02
1' 74 5 3. 61 4 12.5 23.2 6. l b
i Q 7'p %. %^ r' 3.I 1019 1v.4 y.iJl
197h 64.0 61.5 -2.' - 3. y b.43
1977 54.4 611.1 -4#3 -6,1 10.4ti
197:1 73.3 a7.2 -6.7 -9.1 511U
1979 83.0 '73.4 -9.6 -11.6 4.55
1980 74,0 61.2 -6.8 -9.2 4*86

70 071 6115 7;1,4 16.9 27.5 13.41
1972 7,).1 72.6 2.5 3.5 lo.v 3
1973 b6.1 49 ,3 -16.11 -25.4 16.84
1474 30.0 66) ,4 36.4 1e1.3 9.12
1975 42.8 5010 7.2 lb.b 16.04
1976 61..6 60..1 -1 « 7 -2.8 12.95
1477 4?.9 '7x1.9 27.9 55.0 21.07
1976 55.7 65.3 -0.4 -U.5 10.27	 j
1974 7-x.3 62.2 -13.1 -17.4 6.71
la ,iu 55.3 49.5 -518 -10.b 9.43

" 80 1971 59.9 60.2 0«3 0,a 1,106
1972 63.3 62.1 6.2 -9,,21
1973 61.5 76,1 14.6 -3. 7.3'9

• 147,+ 3A.4 b9.8 31.4 51.8 7.65
19'15 4n.:3 4n.9 o,6 1.3 13.72
1976 $ ,4.5 253x.-4.:3 .27 7 4.26
1977 25,2 43.6 18.4 3.0 26.67
1978 ri2.b 64,9 2.3 3.7 7155
1979 6-)..3 S6.2 -13.1 -18.9 6.43
1981) 55.5 57.6 -4.9 -81b 7.63
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800 9TPAP 'BEST RESULTS
FOR CORN Y I EL.05	 IN UNPOOLED

'
1?4AO I	 LINOIS,	 ANO IND ANA ,.
U9NG A	 HOMPSON-TYPE MODEL

F

YIELD (01H)
STATE	 CRO YEAR ACTUAL PREO, U RO ' ^?,R.En1
-.wrrr--r--r,r-wr-rr-w- wr--r	 --------err --rr rwew.r w.-rw

'	 f

Ir) 19 4 	 9U l g 7l b9, 1 64.5 -5.2 -'!.^ 9.63
147c 74	 1 -12.2 - 6 1 3 5.77
1973 66.2

f^^.9
8	 .3 6.1 4.3 13.45

1974 56 6 71.7 5.1 2b 1 '1 7.50
197a 5M:5 67.7 9.2 1517 8.05
197h 67.1 69.4 2.3 3.4 7.02
1077 47.6 64.0 16.2 33.9 9.20
1976 66.9 7	 1 4 5.5 6:2 6.15
1979 83,5 67.1 -16.4 -19.5 5.25
1980 70.9 50.0 -2009 -29.5 14.95	 iE

STATE MODEL 1971 64.0 86.a 22.a 3n.b 1
^
 .45

1972 72:8 73.2 004 0.5 .41
1903 67.2 71.9 4.7 7.0 5.09
191 ,+ 5 . 1.2 14.3 24.1 4blU 4. bb
1 co7b Is 	 .b 0-+.4 7.9 1410 7.71
1 Q 7 o 51.1 bl)09 3.8 b.7 9.45
1077 54.() 43.4 -5.6 -10.(+ 110613
1078 72.2 6,5.7 6.5 -;9,u 6 * 33
1979 79.7 64.2 - 15 * 5 -19.4 5.20
19 $40 69.0 6015 -815 -12.3 6.10

CROS AGG,	 . 1971 1 +4	 0 75.1 12.1 16.9
1872 1?.-3 '1 ).9 -1. 14 -2.5
197.4 67.2 73.6 6.w 915
1974 50.2 b7.2 17.0 33.9
1975 5615 62.5 610 1.0.6
1976 57.1 59,2 2.1 3.7
1977 5,+. (1 55. 4 1.4 2.b
I ci76 12.2 6b.5 -5.7 -7.y
1979 79.7 63.8 -19.9 -14,9 s'
198-1 b9. 1) 59.5 -9.5 -13. k
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100T(MMAP TEST ►RESULTS

t Q^^ CORN Y ImLvS IN iWOOLED
10 ,049 1 1-L I P4015. A-'110 I NU II ANA

USING A TMDMPSQN-TYPE MODEL

' YiELO (0/-i)
F RED.STATE,	 CRUD	YEAR--rr^r--rrw---r---------ACTUAL--

PRED.
-rr-----

D
•-r.-

RD r-srr

ILL I")()I5	 lu 1 co71 b6.3 Ri.h 22.3 33.6 4,02
l C)72 68.7 '7117 300 4,4 7,46
1973 62.8 a3.7 0,9 1.4 7.20
1974 49.1 h5.4 6.3 19 757.537 2, 2 6 2. 2 -10r0 - 13.b'
1976 63.5 64,6 •^ :7-1 4.20
1 
977 7a, 6i	 :3 _
978 71.7 7414 3.1 4.3 4.29

1.979 79.5 7=+,. .1 -5.2 -b.3 4.19
l	 ,il), 7 ?.5 13.4 0.9 1,e. .3.b1,

2 +); V) 71 63.1 71 .5 8.4 13.3 14.51
1972 66 8..1^b1 r9.4

8.b1x7 :3 61:5 ^ih.v 11.94 
1'i 7-+ 6 14.7 .$2.0 4.51
1') 75 09 .4 o.b - 1^. 6 -27.1 1
10 76 69.4 01) -'4, 9 7.0 9, 38
47 33 -1 3.7 8:501 71.1 7 3: 7 -1 2.6
1973 00,2 75.0 -5.2 -6.5 7.97
1 q 80 1,9,9 74.0 4.1 5.9 b.()l

3U 1')11 6*4.5 54.5 -i5.0 -el,b 6.51
1Q7,e 7?,6 57.() -15.6 -21,5 7.119
1973 65,9 54,6 -1.3 -2.l) 13.09

' 1974 57.9 59.9 2.0 3.5 9.55
1975 71.8 7'1.6 3.8 5.1 7.15
1976 66:7. 76:5 9.8 14.7 6.70
1977 54.4 66.5 1?,1 22.2 10.91
1 G 78 6a.2 , 67.7 "3,.5 -2.2 5.47
1979 8?,7 73:6 x 12.1 -14.5 4.54
1G •iu n?,^r 71.4 141,4 6.16

4r' 1971 74.'7• 63,5 8.8 11.8 24.71
• 1.12 76.5 72,5 -4.0 -S. 1]x. 47

1973 72.3 64,5 -7.8 -10.b 1	 .99
1974 a4.7 66.3 11.6 21,2 11.87
197b 81.'^ 147.5 516 618 9.54
I Q 76 7^i.2 A?..1 3.y 5.0 8.19
197.7 1.,6, 0 79.1 13.1 19.8 8.1b
197b 72,.7 83.0 10.3 14.2 5.98
19.79 8 3;,.3 78.7 -4.0 5.5 6.36
1980' , 5Gr.2 62.1 7,9 14.5 7„74

f.
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APPE*!D T x	 Bt
HOUTST9AP TEST 4ESULTS

P OR COON1 YIELDS 1-4
10,14, r	 1i^iOIS^ ^N^J INDIANA

`USING A Yy O
_

Ni p SON -TYPE MODEL : MVWLED

YIF_LD (01'13)
PREE.CRD ; YEAR ACTQAL S TATEPRED. 0 RD'..-.r.---------.r-----------------------------------ln------

ILL INOI^;	 bu .1411 75.3 91,.5 16.2 21.5 16.02
1972 7^i.2 79.0 3.8 5.1 12.81
1973 57.9 66.5 -1.4 -2.1 13.16
197-+ 5 r? 8 74.6 21.8 4,103 9.27
1 0 75 78:6 8;3.0 4.2 5.3 11.59
197 , 7c; 6 74. '3 2. 8 -3.7 10.15
1 c)77 6a.7 a,.! ► 31.3 48.4 2187.
1976 7,.) x,3.9 7.9 10.4 8. 26
1579 +i4.b 6 3 	 1 -1.5 -1.8 7.04
1S^+U +^+.i^ 6i.4 15.6 31.3 ti. 12

b 1971 65.7 i6, 7 -7.0 -10.7 10.37
1 372 bq 4 47.4 -22, J -31. 1 7.15
1 0 7.3 611:1 63.1 -4-J -5. b 1!).88
1a7 ,t 57.,) 74.2 16.3 ab.2 8.36
1975 11.6 5 14.3 -12.3 -17.2 9.35
1976 t(.5 7,+.1 12.6 2U.5 11.26

' 1 0 77 68.0 64. ►i -3.2 -4.7 6.40
1973 66.7 71.1 4.4 6.6 5.61
197-) 8? .1 69.E -12.6 -15.3 5.:J3
19130 59.9 61.6 1..7 2.8 7,q 38

7!1 1 x 71 h`9.1 A').9 17.6 26.c 11.73
1	 7c 62 .9 6 .5.7 ?. 3 4.5 10.36
1 1> 73 63.4 :51.3 -12. 1 -19.1 5.54
1 L17 4 47.8 51.4 3.6 7.3 7.76
1977 70.0 7i.0 5.0 7.1 6.08
1976 67.3 74.0 6.7 10.0 8.05
1977 67.3 53.8 -13.5 -20.1 8.15
197 13 6;16 71.6 3.3 5.4 4.29
1919 78..3 64.1 -14.2 -18.1 5.13
198%) 5 2.9 6.1.1 15.2 2©.7 5.95

• y U ; 1971 44.4 39.3 5.1
-11 5 3.311?7e 49.9 3a.6 -13.3

197" 44.6 41.5 -3.1, -7.D 5.09
147-+ .41.5 41.b 0.1 0.2 5.86
1 =)75 53.2• 46.0 -7.2 -13.5 4.58
1 4 70 42.9 55.2 12.3 2b.7 5.29
1971 i5.0 39.5 -15.5 -2B.2 4.64
197 56.2 53.1 --3.1 -5.'5 3.26
1979 67.6 5. Z). 11 -8.5 -12.b 5.54

' 1960 33.4 47.5 14.1 4.2.2 7.85
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* APPEN10 I X
BOOTSTRAP TEST RESULTS

FOR CORM YIELDS IN H'

I I
UNI'OOLED

USING  A	 HOMPSON-T YPE MODELA

' YIELD	 (Q/H)
-:YEARSTATE	 CRD ACTUAL	 PHED,

D
RD S..	 0F	 D----------- ------------ -----------------------------

11,L.INO1 1;	 90 ;1 y 71 4 +.+1	 61 17.8 40.6 20.60
1972

:6
53.,?	 40	 :) -12:7 -23.9 6.80

1 1973 44.11	 35.2 -8.8 -20.0 9.20
'1974 4?.2	 45.x1 4.6 10.9 9.95
,1975 53113	 44.5 -9.3 -17.3 6.56
'1976 54.5	 50.3 -4.2 7.7 9.•73
'1'977 51.6	 46:8 -6.8 -12.7 6.60
1976 46.E	 532 6.7 14.4• 5.57

;191 1 0 65.7	 54.
.

3 -11.4 -17.4 5.59
1 Rd41 '31.4	 53.1 14.7 3b.3 10.62

STATE MODEL :1971 66.5	 67.b 1.1 1.7 5.60
-1972 69.0	 63.5 -5.2 -1 3.59
1973 64.6•	 6 ,+.3 -0.3 -0 5.98
1974 y 1 .5	 6' ► .4 n.9 17.3 3.95
197 7?.1	 o2.3 -1;7.5 -14.4 S.0.9
,197b
197 7

57.2	 7'1.9
65.9	 74:6 8 19 13.0

5.2 7
5100

197b w9.7	 '74.5 4.3 669 3.94
1 9'79 a ;)..3	 75.5 -4,8 -6.0 3.73
1G-s0 58.4	 65.3 6.9 11.8 3.91

CRDS	 AGGR. X 19 11 66. S	 7i.3 8.6 13.2
1 :)7^'
197 ,3

t)14 0	 5=+. 11
6 4. 6 	 61 .5

_5.0
-3.

- 7.2
-G,.8

1914 :31.5	 62.2 10. 7 20.b
;1975 72.8	 69.,4 -3.4 -4.7
147 ,E 67.2	 7,x.6 3.4 5.1
1977 5.3.9	 68:3 2.4 3.6
19 71 69.1,	 74.? 4.5 6.5
197V H -1. 3 	 72.b -7.5 9.3
1960 b8.4	 66.5 801 13.9
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APPEND T X B
&ULTS9(X)T c;TR4P TES5 T

FOR CORM Y ltLJa IN
IOWA, I	 LINUI5• AND INDIANA

U5I(qG A	 HOMPSON -TYNE MODEL UNgppLED

+ YIELD (O/H)
REU.STATE	 CRD.	 YEAR ACTUAL PRED. 0 RD P------------ ------------------ - -------Yia.--------Y-l-

I N OIA NA 	 lit	 1';71 7146 47.1 -24.5 -34.2 8.60
1 = 72 o').b 65.2 -4.4 -6.3 6,96
1973 67.5 66.3 1.2 -1.8 7.11
1974 47.8 64.5 16.7 34.9 5.74

:	 1976 65,2 60.6. 4.6 7.1 6.75
1476 7 0 	6 5+1.8 -19.8 ^-28.0 7.10
1 Q 77 0a.7 59.E -7.1 -1008 6.91
1`4 '78 66. 1 67.?_ 1.1 1.7 6.33
1979 11 .`7

L
49 .4 -4.2 -5.7 6.34

F	 1966) 4'3.9 63.4 13.5 27.1 6.90
E

2U:	 1971- ti2.8 56.3 -6.5 -10.4 6.77
.	 1972 61.8 6n.6 -1.2 -1.9 4.07

1973 6?.3 53.9 3.4 -5.5 4.02
1974 411.1 513.9 18.8 4b.9 3.60
1975 6^).3 64.8 2.`'s 4.0 8.7?
1976 61.5 58 3 -9.2 -13.o 5.35
1977 62.4 63.8 1.4 2.2 5.42

=	 1978 61; 7 65:6 329 6.3 4_85
1979 68.6 67.2 -1.4 2.0 4.17
1980 54.7 6.3.7 911) 1b.5 4.12

3u	 1971 55.1 57,8 2.7 4.-) 9.63
1 1372 5 .4.3 57.1 -2.2 -3.7 5.23
1973 58.1 60.1) 1.9 3.3 4.67
1974 37.1 49..9 12.8 34.5 5.34
1975 52..5 51.8 -0.7 -1.3 6.72

<	 1976 62.9 5 +3.6. -4.3 -6 ,.8 5.84
1977 03.:3 h1.2 -2.5 -4.1 4.69
1976 5-P i 9 60.2 0.3 0.5 4.33
19 79 h°, .3 h5.4 - 119 -2.6 3. `^5
19'-10 6 4 . •1 , 64,5 0.4 0.6 3.81

4U	 1971 67.7 74.3 6.6 9.7 7.43
1972 69.6 64.8 -4.8 -6.9 5.32
1913 67.5 50.8 -6.7 9.9 4.07
1974 4?_.8 5J.1 7.3 17.1 5.92
1975 69,3 5.3.4 -15.9 -22.9 5.41
1476 .	 71.1 74.7 3.6 5.1 6.12
1977 64.5• 43.6 -20.9 -32.4• 10.25
1978 72.5 79.6 7.1 9.8 .5.64
1979 74.0 70.1 -3.9 -5.3 5.96
1980 58.1 71.1 13.0 22.4 5.69
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ORIGINAL. NAGS IS

' OF POOR QUAV Y

800TSTRAP [	 t^SULTS_8T x
FOR COP,%j	 YIELDS IN

InwAt tLLLINOIS 1 ANU INDIANA
USING A THOMPSON -TYPE MODEL UNPOOLED

YIELD (O/H) S.E.
STATE	 CRU :YEAR ACTUAL PHED. D RO FRED.----r--..r-------------r-------------------------------
I:IDIANA	 5U	 1971 65.9 75.6 9.9 1500 8.27

19Y2 67.3 62.0 -5.3 -7.9 5084
1973 6x3 0 5 72.7 4.2 b.1 5.78
1974 48. 1 64.6 16.5 34.3 6.45
1975 64.6 65.7 1.1 107 5.19
1976 72.7 7;5.3 2.6 3.6 5.20
1977' 64.7 54.0 -10.7 -16.5 8090
147}i 74.5 64.7 -908 -13.2 5.52
1979 73.9 74+.8 0114 1.2 7.14
1980 66,4 6700 0.6 0.14 4.76

6U•	 1971 57.9 6200 4.1 7.1 7.51
1972 62.1 53.8 -8.,3 -13.4• 5.40
1973 61.7 6'3 0 3 3.6 5.b 5.20
1974 47.8 59.3 11.5 24.1 6.01
1975 55.6 513.9 3.1 5.5 4.45
197b 65.6 69.5 3.9 5.9 4.92
1977 59.9 50.9 -9.9 -15.0 5=30
197th 69.7 67.6

7
201 39U 4.34

1979 7101 51.6 -1915 -27.4 9.14
1980 71.1 71.6 405 0.7 4.6:3

70	 1971 50.1 53.9 . -102 -2.0 6089
1972 69.8 1 6b 0 Q • -908 -14.9 5.23
1973 61.5 59.4 -2.1 -304 4092

1	 19'74 52.3 51.1 -1.2 -2.3 9.82
1975 63.4 5818 -4.6 -7.3 4.62
1976 70.2 6507 -3.5 -500 5.26
1977 55.6 62.7 -2.9 -404 4.45
1971 68.1 67,8 -0.3 -0.4 4.21
1979 65.8 63.0 -2.8 -4.3 5.67
19HO 62.8 65.2 2.4 3,B 4.131

bU;	 1971 528 58.4 5.6 1016 6.14
1972 6n05 53.8 -6.7 -11.1 4.87
1973 57.3 54+'.9 --2.4 -4.2 4.52
1974 48.7 53.9 5.2 10.7 7.48
1975 .42,14 53.1 10.2 23.r3 4.18
1 1476 6w.9. b4,1 -10.8 -16.6 5.25
1977 62.5 51.8 -10.7 -17.1 5.41
1978 64.5 64.3 -0.2 -0.3 4.70
1979 61.8 59.9 -1.9 -3.1 5.51
1980 57.3 62.0 4.7 8.2 5.33

„t

C

!i
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APPEND I X	 81
801)T9TPAP TES f	 Nt_51.)LT5

FOR CORN YIELDS IN
IOWA+ I	 LINOIS9 ANO INDIANA UNPOOLED

U5ING A	 HOMPSON-TYPE MODEL,

YIELD (O/H)
PS.E .STATE	 CRD;Y EAR ACTUAL PRE'D. D RD

----------- rr--------rr<1------------- r--r-------

I r,IDIANA	 yU	 IP71 54.5 5 14,3 4.8 816 5.57
1972 656.5 53.4 -3.1 -5.5 4.84
197.3 Sn .8 51.4 0 6 1.2 4.86
1974 47.5 54.2 6.7 14.1 5.12
1975 :+8..3 48,1 0.2 -0.4 4.13
1 1476 54.4 50.6 -13.8 -21.4 4.07
1977 ol9 55.2 -6,7 -10,8 4.67
1976 bl:6 6o.7 -2.9 -4.6 4.22
1919 6;> ,3 hl,b -0.6 -1.3 4.18
1980 514,7 :i y . 5+ 0.2 0.3 4,52

STATE MODEL	 1971 63.4 69.9 6.5 10.3 7.62
1972 65.3 61.6 -3.7 -5.7 .29
1 ,)73 64:0 63.3 -0.7 1.1 4.71
197 1+ 45.8 5'a.5 12.7 27.7 4.87
1977 61.5 47.5 -14.0 -22.8 6.63
1 376 6 1?, 0 64.9 -4. 1 -5.9 5.514
1977 640 61.d -2.2 - 3 :4 6.02
197b 67..•6 71.7 • 3.9 518 4,60
1979 7t).3 71.0 0.7 1.0 4.95
1980 60.3 63.2 2.9 4,8 4.18

CPnS AGGR.	 1Q71 63.4 62.2 -1.2 -1.9
1972 6=x.3 6 ).3 -5.0 -7.7
1973 64.0 63.5 -().5 -U.8
1974 4 .5.8 58.0 12.2 2b.b
1. 975 61.5 59.5 -2.0 -3.3
1976 69.O 63.9 -5.1 7.4
1Q7.7 64.0 58.4 -7.6 -11.9
1976 h7,8 61.0 -0.3 -1.2
1979 70.3 o7.1 -3.2 -4.b
1980 60	 '3. 6b.6 5.5 9..1
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-30UTSTPAP TEST RrSULTS

POR CORN YIELDS IN
IONA9 I ,LINOIS,	 AND INDI gq NA UNPOOLED,	

I
e SING A	 .HOMPSO ►N»TYPE MODEL

YIELD	 ( 0 /H)	 ^' S.E.
STATE CRU O YEAR ACTUAL	 PRED. U RD	 FREDorrr-rrr rr.^rrrf.r rr rr rrrr ^rrr rr rrrerrrr rr rr-rrrr^rr rrrr
REGION

CROS AGGRO	 .1971 73.0 8.2 12. 7
1 1972 69,9	 66.2 -3.7 -5.3
1973 6;.6	 67.1 1.5. 2.3
1914 49.8	 63.6 13.8 27.7

-1975 63.6	 b4.5 0.9 1.41 1976 63.3	 64.4 1.1 1.7
1977 60.5	 60.4 -0.1 -0.2
191d 711.3	 09.5 -0. 13 -1.1
1879 78.1	 67.8 -10.3 -13.2
1980 63:3	 63.4 0.1 0.2

STATES AGGR.	 '1971 64.8	 76.2 11.4 17.6. 1972 69.9	 67 .4 -P..5 -3. b
1973 f)S b	 67.4 1.8 2.7
1974 49.ri	 66.2 16.4 3e-.g
1975 63.h	 60.3 -3.3 -5.2
1976 63.3	 65.5 2.2 3.5
1977 6Q..5	 61•.0 0.5 0.8
1978 70.3	 70.2 -0.1 0.1' 1979 7'A. 1	 69.7 4:8 - 10,b
1980 63.3	 62.6 -0.5 -0.8
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APPENDIX 62
BOOTSTRAP - TEST RESULTS'

FOR COR N YIELDS  I N
rOWA q ILLINOI	 9	 AND INDIANA

USING A POOLED THOMH.SON-TYPE MODEL

STATE	 CRU•-YEAR
YIELD

ACTUAL.
(t1/H)
PHED. D

RD
RD

S.E.
PRED.

wwREDrrrw -r ^rrwweow wwrwrr^rwrrwr.^r^^. ,..r rr.^wrrrw..ww-

IOWA	 10 1971 61.6 6^4.4 6.cs ll.0 3109
1972 '12.8 66.9 -5.9 -8.1 2.971973 69.1 73.8 4.7 6.8 2.981974 47.1 71.4 24.3 51.6 3.18
1975 '35.0 56.6 1.6 2.9 4.171976 45.9 50.8 4.9 10.7 4.211977 54.6 47.5 -16.8 -26.0 4.16197b 75.0 )y.7 -15.3. -?0.4 4.521979 77.8 61.0 -16,8 -cl.b 4.491980 73.3 01.8 -11.5 -15.7 4.94

20 1''971 67.0 72.0 500 195 3.20
1972 73.8 71.7 .2,.1 -2.5 3.001973

6;')
. 72.5 3.6 592 ;3. ^0 1

1974 5 c,,.7 (l.l 15.4 21.b 3.12
1975 S y . y 62.6 2.7 4.5 4.101976 58.5 0 .3.3 -0.2. 0	 3 4,041977 64.3 52.x'►' -11.9 -18.5
1978 6_3.375.9 -12.6 -16.6 4.24.	 51979 81.6 55.0_ -26.6 -32.b 5.88
1980 78.6 60.b -18.0. -22 2.9 5.36

30 1'-)71 00.9 6'--).7 4.8 7.9 3.181972 6.4.9 ".1 -2.6 -4.1 3.021973 65. 65.9
67

0
	1

0.
1975

3
55.1
.1.11.3 23 3.14

62.4 4.3 7.4 4.07
' 1976 56.9 53.4 1.5. 2.6 4.051977 70.0 5`+.6 -15.4 -22.0 4.351978 74.1 66..E -7.8 -10.5 4.50

1979 811.9 09.5 -12.4 -15.1 4.55
1980 76.2 67.0 -9.2 -12.1 S.U1

40 1971 57.8 61.7. 3.9 6.7 3.061972 72.7 '61 1.8 -10 .9 -15. Cl 2.94' 1973 6.6.7 68..5 1.8 , 2.7 3.001974 44.5 67.4 22.9 51.5 3.141975- 53.2 54.9 . 1.7 3.2 4,,, Uy
1976 44.3 48.5 4.2 9.5 4.14
1977 46.6 44.0 2.6 -5.6 '	 4.141978 72.2 47.2 -25.0 -J4.6 4.49
1979: 74.7 56.8 -17.9 -24.0 4.43
1980 54.5 52.,,9, •-2.6 -4.6 4.94

A
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APPEPOIX"PZ'
BOOT^^TRAP TEST R SULTS

FAR CORN YIELDS IN
IOWA, I	 LINOIS* AND INDIANA

US rNG A POOLE THOMPSON-TYPE MODEL

YIELD (O/H)
STATE.	 ' .CRD YEAR . ACTUAL ' PRE D. A RD P RED.r-rrrrrr ,̂ .[;	 .---------- .------------- ------r----------
IOWA	 50 1911 69.3 67.3 -1.0 1.n 3.13

1972 '1	 .2 70..0 -8.2 -10.5 3.00
1973 71.1 76.0 4..9 6.9 2.99

1 . 1974 59.9 70.9 ll.0 16.4 3.17
i 1975 61. ,3 66.4 4.6 7.4 4.12

1976 65.0 hl.7 3.3 -5.1 4.11
1477 41.2 53.7 12.5 X0.3 5.10
1 c)7ts 72.9 55.6 -17.1 -23.5 4.49
1979 J4 9 60.2 -24.7 -29.1 4.45
1980 72.+^ i§..9 -12.9 -17.7 4.V4

6Q 1971 69.2 69.5 0.3 0.4 3.13
1972 71.6 69.h -2.0 -2.8 3.03
1973 63.3 66. 16 3.0 4.7 3.09
1Q74 53.9 5-x.1 5.2 9.5 3.30
1475 6?.8 53.9 -2. •4 -4.t3 4.u6
1976 64.0 `31,Z -13	 d -9.1 4.05
1477 64.4 56..2 -8.2 -12.7 4.68
1978 73.' t)4.3 -96 -1 a:U 4_50
1979 83.0 66.9 -14.

:
1 -17.0 4.52

1980 74.0 65.7 -8.3 -11.2 4.98

79 1971 61.15 5-j.() -3.5 -5.7 3.05
1 9 72 70. 1 t)4.2 -5.!0 -bs 4 2..96
1973 66.1 6i.0 1.1 -1.'7 3.23
1974 30.0 66.3 36.3 121.0 3.33
1975 42.6 47.7 4.9 11.4 4.23
1976 61.6 43.3 -18.5 -29.9 4.05
1977 4?.9 40.9 -2.0 -4.7 6.34
1978 65.7 49.7 -16.0 . -24.4 4.54
1979 75.3 56.7 -18.6 -24.7 4.45
1980 55.3 54.0 -1.3 -2.4 51U9

80 1971 59.9 50.1 -9.8 -1644 3.U3
1972 6A.3 60.7" 77.6 -11.1 2.95
1973 61.5 62.3 0.2 1.3 3.29
1974 :38.4 61.7 •	 23.3 b0.7 3.16
1975 .46.3 5018 4.5 9.7 4.13
1976

_
59.5 48.9 -10.6• -17.6 4.04

1977 25.2 42:2 '	 17.0 57.5 5.34
i 1978 62.6 42.2 -20.4• -32.6 4, 53

1979 69.3 47.5 -21.8 -31.5 4.45
1980 . '55.5 48,.4 -7.1 -12.8 5.04
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CO RN A YIELDSFOR
) TT I JSULTS

Ie)WA+ TbLINUIS, ANN INDIANA
USING., A POOLED THOMPSON -TYPE MODEL

YIELD (a/H) S.E.
STATE	 CRD - Y!AR ACTUAL PRED,. D RD PRED.-_m ------ +r.nrrr------------ ol+i#-rr-rrwrwr---rr r.^-r-rr-rr
IOWA	 +90 1971 69.7 513.6 -11.1 -15.9 3.13

1972 74.1 67.7 -6 4 -8.6 2.97
1973 66.'2 68.7 2.5 3.6 3.27
1974 56.6 67.3 10.7 18,9 3.15
1975 59.5 62.8 4.3 7.4 4.15	 d

+ 1976 67.1 bl.6 -5•.5 - 8.2 4.04
1977 47.8 5 131 3 I1.5 24.1 4.35
1978 66.9 5 .3 1 9 -7.0 ­ 10.D 4.51
1979 83.5 63.1 -20.4 -24.4 4.45
196U 70.9 63.8 -7.1 -10.0 11.15

STATE MODEL. 1971 b4.0 •6,2. 1 -1.19 -3.0 3.32
1972 72.8 66:8 -6.0 -8 d 2.75
973 67.2 72,3 S.1 7.5 2.7>_
974 b(1.2 67.0 16.8 33. o 3. U-)
1975 5b.5 54.4 -2.1 - 3.7 .3.6419 "7,:- 57.1 S3.6 -3.5 -6.1 3.55

' 1977. 54.0 55.1 1.1 2.0 5.01
1978 72.2 56.b -15.4 -21.3 3.31
1979 79.7 61.6 -18.1 -22.7 3.37
1980 69.0 59.1 -9.9 -14.3 3.97

CRD S Ar6R. 1971 64.0 63.0 1.0 1.b
1972 72.8 66.9 -5.9 -8.1
1973 67.2 69 1 9 2.7 4.0
1974 50.2 '67.8 17.6 35.1
1975 56.5 59.1 2.6 4.6
1976 57.1 54.9 -2.2 -3.9
1977 54.0 50.6 -3.4 6.3

j

1978 7?..2 57.4 -14.8 -20.5
1979 79.7 60.5 -19.2 -24.1 4

1980 69.0 59.8 -9.2 -13.3

t

i
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APPEN D I X	 B2
t3UOTST ,:?.AP TEST PESULTS'

FOR C ? )RN YIELD -5	 IN

'	 USING
I0WA 9
APOOLE

T	 L IN0 9	 AND INDIANA
THOM SON-TYPE MODEL

Y IELD (Q/H)
STATE	 CRO YEAR ACTUAL PRED. D RD PROD.-sr-rrrr--rr.-----------r-r-r-r--------------------1----
ILLINOIS	 10 1771 55.3 7 !).9 4.5 6,9 3.27

1
972 b8.7 71.2 2,5 3.6 3.38
973 6 2.6 64.1 6.3 •10,0 3.31
1974

,
49.1 02.4 13..3 27.1 3,56

: 1175 72.2 55.6 -16.6 -?3.0 3.58
1976 63.5 56.6 -6.y -10,9 3.84
1977 7? .5 61.5 -1110 -1512 4908
1978 71.7 bb.5 -5.2 7.3 4.00
1979 79.5 7J.7 -8.6 -11.1 4.05
19 13U 72.5 h'? .5 -3. U -4,1 4.26

20 1971 63,1 64.8 1.72.7 3.32
1972 66.3 66.5 -0.3 -0.4 3.66
1473 61.5 hE7.(, 4.5 7.3 3.33
1974 45.9 6311 17.1 .s7. 3 3 =45
2975 69.4 `i4. A) -14.9 -21.3 3.58
] q 76 6-i.4 57.5 7.') -12.1 3.'7'8
1977' 71.9 55.4 -13.5 -18.8 4.01
1978 71.1 69.4 -1.7 24 4,00
1979 8+:.2 71.3 -8:9 -11:1   4,U7
1930 69.9 70.5 0.6 019 4:21

30 1971 6ti4 nl.a -7.7 -11.1 3.32
1972 7^.t) 6 7.e -5, 4 - 7 9 4 3.24
1973 65.9 73,5 7.6 11.5 3.38
1974 57.9 0618 8.^) 15,4 3.43
1975 73.6 63.3 -10.5 -14.2 3.59

t 1976 66.7 66,0 0,7 -l.0 3.77
1877 .54.4 66,6 12.2 22.4 4.43
1978 b9.i' 42.5 -6.7 -9.7 3.98
1979 82;7 64,4 -18.3 -22 2.1 3,e9
1990 62.4 b2.b 0.2 U.,3 4.24

4p 197'1 74.7 70.1 -4.6 -6.2 3.38
1972 76.5 73,9 -2.6 -3.4 3.29
1973 12.3 71.7 6.4 8.y 3.31
1 974 -34.7 59.7 15.0J e7:4 3.48
197:,j. 81.9 64.2 -12.1 -15.5 3.60
1970 79.2 71,8 -7.4 9.5 3.76
1977 66.0 74,7 8.7 13.2. 4„U5
1978 72.7 74.0 1.3 1.8 4.00
1979 83.3 7'i.7 -7,6 -9,1 3.92
1980 54.2 64.9 10.7 19.7 4.26

ORIGINAL pVALI?Y
OF POOR Q
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APPEND I X &2' '
BOOTSTRAP TEST RESULTS

FOR CORN YIELDS IN
'

USING
IOWA,
A POOL

LIN.OI 5 ,	 AND	 INDIANA
THOMPSON--TYPE. MODEL

'
STATE	 ,•	 CCU YEAR

YIELD
ACTUAL

(Qr/H??
PREP. 0 RD PR*Ea

'wwrrwwr r,-rlr-rarrrr---
1

r-r----------rrrrr-r-rw-r------ --

ILLINJOIS	 0 1971 Y5.'3 6515 -9.6 -13.0 1.39
1x72
1973

74.2 73.1 -291 2.6 3.30
67.952.8•

77.4 9.5 4eo18 1 2 3.391 ,974 67.7 14..51 :3.45
1975 78 8 65.13 -13.0 -16.3 3.63
1976 75.6 66.2 -9.4 -12.4 3.80

1
9775 .7 73.4 8.3 12.3 4.63
976 76.0 71.7 -4.3 -57 '3.99
1979 84,6 77.2 -7.4 -8..7 4.00
1980 4r4,8 66.4 16.6 33.3 4.21

60 1471 65.7 62.8 -2.9 -4.4 3.31
1 . 972 69.4 61.9 -7.5 -10.8 3.25
1473 6911 1► 8.6 -0.5 -0.7 3.36
1974 57.9 611).8 4.9 8.6 3.44
1475 71.6 63.7 -7.9 -11.0 3.54
1976 6115 5916 -1.9 -3.1 3.79
1977 6810 60.7 -7.3 -107 3.85'
1978 65,7 64.9 -1.8 -2..7 3.99
197'9 82.1 67:3 -14.8 -lb.0 3.90
1980 59.9 64.1 4.2 7.0 4.3i

7U 1071 63.1 h3.3 o.2 0..3 3.351 172 6219 60:3 -2.6 -4.1 312 5
1973 63.4 63.8 0.4 0.6 3.37
1974 47.8 56.3 8.5 17.8 3.471975 70:0 59.2 -10.8 -15.4 3.59
1976 67.3 59.4 -8.9 -13.2 3.77
1977 07.3 b1.3 -6.0 -8.9 3.871976 69.8 68.9 -0.9 -1.3 4.03
1979 18.3 69.3 -9.0 -11.5 4.07
1960 52:9 66.8 13.9 ?6,.3 4.27

80 . 1971 44.4 51.2 5.8 13.1 3.25
1972 49.9 47.6 -2.3 -4.6 3.
1473 44.6 46.3 1.7 3.8 3.

11
^9

1974 41.5 39.2 -2.3 5.:) 3.42
1975 53.2 47.5 -5.7 -10.7 3.60
1976 4.?...9 4714 4.5 10.5 3.79
1977 55.0 44.4 -10.6 -19.3, 3188
1978 5602 51.3 4.9 -8.7 4.01
1979 67.6 55.5 -12.1 -17.9 3:92
1980 33.4 51.0 • 17.6 32.7 4.74

4
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APPESH) I X 62 .
8UUT5TRAP TEST-RESULTS

FOR C014 N YlEt.Di	 IN
IOWAI i LINOIP AND INDIANA

USING A POOLE THOM SON-TYPE MODEL

YIF_LD (0/'j) S.E.
STATE	 CRD YEAR ACTUAL PPED„ D RD FRED.--.r-w-r--T--•r -- ------w---------------

ILLINOIS	 ,90 1971 43.8 42.6 -1.0 d..3 3.23

J
972 $3.2 44.E -9.1 -17.1 3.21
973 44«0 44.11 0 3.35
1974 42.2 40.2 -2.0 - 4 .7 3.44
1975 53.8 45.7 -7.1 -13.2 3.62
1976 54„5 4ti.9 -7.6 - 13 1 1) 3.81

' 1977 53,6 49.9 -3.7 6.9 3.90
1978 45.5 51.6 5.1 11.0 4. 00
1979 b5.7 53.3 -12.4 -16.9 3,96

{ 1990 38.4 49,7 11.3 29. ,+ 4.,bb

STATE MODEL 1971 66.5 62.5 -4.0 -6.0 3.04
1972 69.0 65.5 -3.5 -5.1 2*84

' 1973 6/+16 65.4 0.8 1.2 3.12
' 1974 S1.5 60.0 8.5 16.5 3.13

1975 7P.,8 59.b -13.2 -1 5.1 3037
1976 67.2 62.7 -4.5 -6.7 3.39
8:977 65.9 66.2 0.3 013 4.10
1978 69.7 -b7.8 -1.9 2.1 3.31
1979 80:3 71.7 -8.6 -10.7 3.34
1930 58.4 66.4 8.0 13.7 3.68

CRD% AGGR. 1P71 6015 6 ,+.5 -2.0 -3.0
1972 69 u b6 5 -2.5 -3,b
1973 64.6 69.5 4*9 7.b
1974 51.5 62.6 11.1 21.6
1975 72.8 60.7 -x.2. -16.161
1976 b7.2 61.1 -6.3^
1977 69:9 64: -1.
1978 b9.1 67.2 2.5 -3.b
1979 811'13 70.0 -10.3 -12.8
1990 59.44 65.3 6.9 11.6
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RESULTS

USING
FOR CORN YIEL

A 13001' MOM-6
S IN

SON^TYP ^MO EL
^.

STATE,	 CRb

"	
YIELD	 (G

YEAR ACTUAL
/H)

PRED1 D	 a
S.

RD	 PRED*
r--srw wi^rw u

r-,wMyrrwww.1+rwwwwrrrrr^rr rrr^+rrrrrrrwrrrrr

INDIANA 10 1971
q72

71.6
fay	 b

62.8
66.•4

-8,8
-31.2

-12 63.34
l

1974 47 .8

1
16 .764.5 34.9 3.301

1975
19 T6

65. 2• 56.1.6
8

-9.1„1	 .0 -14.0-17.0 3•b2 3.66
3.87

1978 6.+6.1 563.3
^.8
-218

-8.b,
-4.2 3.78

19AU
r3;9 59.4 9.5 r 19.0 3.79

20
'

1972
197

b2.8
6116

5910
60.9

w3 8.
9-0:.

-611
-1.5

3 31
3

.
29

1973
1,-)74

62.3
4!i.l

63.9
^•9

1.6
_ 1 ^ • ^

2.6

_^i_U

3.27

3.76

'
1^i751976

6213
67.5

46.75 l i. ?
-in...
-1I	 b»

-- 17.5 3.65

' 1977
1978

62 * 4
6197

57.0
62.3

-5.4
0.6

1 979

-8 7
-d.7

3.97
3.74

198.0
686
54.

1
7

62.6
62.0

-6.U'
7.3 13.3 3.75

3U 1 1>71
Q72

55.1
59 3

68.6
.	 63.7

J-2.5
-516

-4.5
-y.'+
3.4

3.29	
i

3.26
3•'^

97 34 37.1.
60.
$1.
43 , 8

200
1418
-8.7

39. ,E 3135
3.671975

976
5215
6?.9 49 1 5

53.6
w 13.4
-10.2

^ ^. 6
3.799771978 63.ts

67.3
5 3. 1
61.3

5 ,4 19 -1:8
-6.0

-13.0

-8»9 3.74
1x79
1980 44..1 63.4 -0.7 -1.1 3.74

1972 5 ).6 h 1.3 -8.3 -^11. . 9 3.27
1873 b7.542,,.8 '	 69.2

609 7
0.717.9

1.0'41.8
31313.381974

1Q75 69.3 52.9
56.9

-16. 4
-14.2

-23.7
-2010

3.61
3.64

1976
1977-

71.1
64.5 '•60.8 -3.7

r7.0•
:5	 'T

:7
3.73

1978
1979

72:5
74.0

65.5
67.7 -6. 3 .9

13 1.6
3.99
3.75

1.980 58.1 6610 7.y
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HOOTST:2AP TEST kESUL.TS

II
FOp ^ C

i
OR

^iiNN^iSDS AN^	 OIAN
USING A O POOLE 1"MOM P SON-TYf;^ MOON.

YIELD (A'/H1.	 S.E.
STATE:	 CR , YEAR. ACTUAL PRED.a	 D	 RD	 PRED.,
rwrr.nwrw-w+^.rrwrwr^lrw rr.rsrrrl`Mr--rwrrwwwrsrw^Yrwrwr . rww/w

INDIANA	 50 1971	 65.9	 62.,2	 -3.7	 -5.6	 3.29
1972	 67.3	 61.3	 -6.0	 -819	 3,2 91973	 6A.5	 68,Q	 -0.5	 -0.7	 3.29
1974	 48.1	 62.'7	 14.6	 30.4	 3.37
1975	 b4,6	 57.7	 6.9	 -10.7	 3.58
1976	 72,7	 60.0 -12.7	 -17.5	 3.64
1977	 64:7	 53.9	 -0.8	 -1.2	 3.94
1 0 78	 74,5	 6A.7	 -5:8	 -7,b	 3,86
197'	 73.9	 63:6	 -5..3	 -7.2	 3.98
1Qts0	 bh.4	 68.7	 2.3	 3.5	 3.75

61).	 1971 57.9 56.1 -198 -3,1 3.30
1972 62,1 53.3 -8.8 -14.2 .31
1473- 51.7 151,5 -0.2 -0.3 ,28
1074 4T,8 bill' 9.3 191^) 34.40
197b 55.c S1.b -4,c - 7.5 3,bU
1976 65.e 52:6 - 13.0 -19,8 3.65

'	 1977 54.9 94x8 -5.1 )18:. 3.90
1Q78 59.7 61,,8 -7*9 -11.3 3,79
1979 71.1 66,3 -4.6 -6,6 4124
1980 71.1 66.9 -4,2 -5..9 3.74

°	 70	 1171 611.1 `D4.0 -6,1 -1 U, 1 3.28
1972 41.5.8 55.8 -10.0 -15,2 3.23
1Q73 61,5 79,2 -3r3 -5*4 3,32197 4 S?3 5 . 1	 0 o'. 4110
1975 6'3:

.
4 5318 96 ^-151 3,62

1975 70 2 559 -14,
.
3 -20,

.
4 3.64

1977 65.b 60:
,
6 -500 -7.6 3.93

1 0 78 66.1 63.6 4,5 -6.6 3.83
1979 65.6 57:Ci -10.8 -16.0 4.48
19$0 6218 5+1.3 -2.5 -4,U 3185

80;	 1971 52.8 57.b 4.8 9,1 3.27
1971 60:b 52,6 -7.9 -13.1 3.22
197 57,3 57 1 1 -0,2 -0,3 3,33
1974 4:1,7 5 ?7 4r0 8*2 3.74
1475 42 1 9 50:3 7,4 17.2 3.63
1976 64.9 46.3 -16 .6 -28.7 3.62
1977 62.5 53.1 -9,4 -15.0 4,00
1978 64.5 59.6 -6.2 a-10,,0 4.091979 61. 8 55,•6
1980 57.3 57. 4 0.1 . 	 0 * 2 3.75
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X
f^^STQF,--aOOTSTPAPJ x ,.,`L TS

FOR CORGI YIELDS IN
10-4A9

USING	 POOLE

,
I ^ INQIP	 AND

-TYPE
INDIANA

,A THOMPSO4 MODEL.

' YIELD (01H) S.E.
STATE	 CRD	 YEAR ACTUAL PRED,'• D RD PRED.ra--r.---rm-r.--rrrr+rw r-ror ^rr.P sr--------------r-rrr-.---.

INDIANA	 •90	 1971 54.5 55.9 194 2.6 3.27
1972 5-n'.5 5104 -5 1 -9.0 3,,23

'	 1973 51.8 53.6 2.d 5.S 3.35
1974 47.5 48.3 0.8 117 3.54
1975 43.3 4'3.7 -4.6. -9.5 3.59
1976 64.4 45,5 -18.9 -29,3 3.62
1977 61.9 51.7 -10.2 -16,5 3.88
19T8 63.6 56:6 -5.0 -7.-j 3.?n4
1979 6?.3 61.4• -0,9 -1.+ 3.180
1980 $9.7 57.3 -2.4 -49U 3.79

STATE MODEL	 1971 63.4 59.8 -3.6 -5.7 2090
.	 1972 b ri,„3 59 1 6 -5.5 -8.4 2.90

1973 64.0 63.5 0.5 -O.d 2.941974 415	 8 5,3.6 12.8 27.9 3.12
1975 61:6 54.0 -705 -12.2 3.49
1976 69.0 56.3 -12.7 -18.4 3.35
1977 64.0 60.8 -3,2 -5.0 3.bti
1978 67.8 65.2 -2.6 -3.5 3.33
1979 70 * 3 69.3 -1.0 -1.4 3.79
1980 60.3 64.51 4.2 7.0 3.60

CRDS AGGRO	 1971 b 304 55.1 -4,.7 -7.4
1 1472 65.3 h9.5 -9.d -8.9
1973 64.0 64.3 0.3 U.5
1974 45.8 56.5 12.7 27.7
19.75 b1.5 ..52.6 -8.9 -14.5
197b 69.0 55.7 -13.3 -19..3
1977 64.0 930) -5.0 -7.8
1^)7b h7.8 03.7 -4.1 -6.0
1 ,479 70.3 63.6 -6.7 -9.5
1 QlQ o bO. 3 6 3.3 3.0 5.0

n

-

r
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aid	
*

4

j:

4PPEND T x B2.

h

BOOT5TQ P TEST ^tESULTS
FOR CORN	 YIC-LOS 'IN
IOWA+ t LLINOISi	 AND INDIANA

USING A'POOLF_U THOMf^SON-TYPE MODEL
,

YIELD WHY S.E.	 f;'
STATE: . CRC). . YEAR-ACTUAL- PRE4,. RO .FRED..
--wwo-ww ww-.r w--------- --o	 -------------w-

REGION
CRDS AGGR. 1971 64,8	 63..5 -1.3

- 6.61972 69, 9	 65...3 =4.6 -
1973 65.6 ,	 69, 6 . 3.0 4,.6
1974 49.8	 64.1 14.3 28.7
1975' 63,6	 58.4 -5.2 -8.2
1976 63.3	 57.4 -•5.9 -9.3

1976 6 -8.0 -11.470.3	 ?.3
1979 7A	 1	 6+6 -13.5 -17.:3
1980 _	 63.3	 62,.5 -0.8 -1.3

STATES AGGR'. 1971 64.8	 61.8 -3.0 -4.6
1972 69:9	 64:9 -5.0 -7.2
1973 65.6	 hH.0 2.4 3.7
1974 49.8	 1-)?,,8 13.0 26.1
1975 t3	 1 f6 -7, 3 -11 .5
1 8 76 63.3	 57.6 -5.7 :90
197'7 6f1.5	 60.4 -0.1 -0.2
1978 70.3	 62.b -7.7 -11.0
1979 73.1	 66.8 -11.3 -14.5
1960 63.3	 h2,9 -0.4 -0.5

I
i^

x

r,

n ii
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Appendix Cl

Significance of variables in Unpooled Model

x = p <.10 me=p <.05 xxx =p <.01
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^-

W
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^
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^

w

W
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C:^
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PSQ

Iowa	 10 xx x xx xx .93
20 mm ma x x xxx xx .96

30 xxx xx x .95
40 xx x xx xOx xx x xx .94
50 xx xxx xx xxx I	 x xx xx .95
60 xxx xx xx xxx xx xa xx .96

70 xx xx ma mac .92
80 x xx x xx xxx xx xx xxx .94

90 xx xx x .93

State xx xx xx xx_u .95
Illinois	 10 xxx xxx xxx xxx xx Xc .98

20 x;c x x •95
30 xx xxx xx x xx .95
40 xxx xxx x x xx xx x .96
50 xxx xxx x x xx xx x .9S

60 x xxx x x xx .96
70 x xxx x x xx .97
80 xx xx xx x xx •94
90 x .93

State xxx xxx xx x MI. xxx x x .98
Indiana	 10 xxx xxx xxx xxx xxx x7 c .95

20 xxx xxx xxx xxx x xx xxx x xxx xxx x .96

30 xxx xxx xxx xx xxx xxx x .97

40 xxx xxx xxx xmc xx xx xxx xxx x xxx x .97

50 xxx = = xx xxx xxx x xrc .97

60 xxx xxx )sac xxx xx xx xx x .97
70 xxx xxx xxx xxx xx xx .98

80 xxx xxx xxx t xxx xx .97

90 xxx xxx xxx xxx .97

State xxx xxx xxx xxx
Ixxx

xxx xxx sac x .9F
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20 xx xxx , 88
30 xx xx `.88
40 xx xx .68
50 xx xx .77
60 xxx xxx .87
70 x x .62
80 x xx .64
90 xx xxx .82

State xx xxx .83
Illinois 10 xxx xx •85

20 xxx xx .87
30 xx xxx xis • 84
40 xx xxx xx .81
50 xx xxx xx .79
60 xx xxx xx .82
70 xx xxx x .82
80 xx xx .71
90 xx xx .76

State xxx :0w xx .86

Inidana	 10 xxx xxx xxx xxx .90
20 xxx xxx xxx .86
30 xxx xxx xx .86
40 xxx xxx xxx xxx .89
50 xxx xxx xxx x .90
60 xxx xxx xx .89
70 xxx xxx xxx xxx .94
80 xxx xxx xxx xxx .91
90 xxx xxx xxx xx .92

State xxx xxx xxx xxx .92 4J

'a

i

.a

.' n	 Appendix C2

Significance of Variable 'in Pooled Model

Step 1

x = p < .10	 xx = p < .05 xxx -• p < . 01

intercept ,Trend 1 Trend 2 Trend 3 RSO

Iowa	 10	 x	 xx	 •79
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Appendix C2 (conic)

Significance of Variable in Pooled "Model

Step 2
b

dRIGINAIL. PAGt iS
OP POOR Q^AWy

2

Q

r

^: Q I: 1	 i

C

L0_ W
0 1Z

o O

TQ

Iowa	 10 xxx xxx xx xx .93

20 xxx xxx xx .96

30 xxx x .94
40 x xxx xx xx xxx xx xx •94

50 xxx xx xxx xx x x .93
60 xxx xxx xxx xx xx x xx .96
70 xxx xx xxx xxx xxx x .92
80 xxx xx xx xxx x xx xx xxx .92

90 xxx xx x •92

State xxx xxx xxx xxx xxx xxx xxx xxx xxx xx .89

Illinois	 10 xx xxx xx xx .94

20 xxx xxx x xxx xx xx •95

30 xxx xxx x xxx xxx x xx .96

40 xxx xxx x xx xxx xx x xx x .96

50 xyy- -V-Y-V- xx x • 96
60 xxx xxx .95
70 xxx xxx xxx xx .97

80 xxx xxx xxx xx xx .96

90 xxx xxx x xxx xxx xx •97
State xxx xxx xyx xxx xxx xxx xxx xxx xxx x x xxx .92

Indiana	 10 xx xxx ;= xxx xx x •97

20 xxx x x xx .95

30 xxx x x .95
40 xxx x xx xx x .96

50 xxx x xx xx x x .94
60 x xxx x xxx .96

70 xx xxx xx xxx xx .96

80 xxx xxx xxx = xx xx .94

90 xxx xxx x xx •92
State xxx xxx xx(xxx xxx xxx xxx xxx xx xxx .9 -̀
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