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ABSTRACT

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

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

************************************************************** *t This paper was prepared for limited distribution to the ~
: research community outside the U. S. Department of Agri- ~
: culture. The views expressed herein are not necessarily ~
: those of SRS or USDA. :
*************************************************************

ACKNOWLEDGEMENTS

The author wishes to thank Jeanne Sebaugh, Wendell Wilson, and other AgRISTARS
Yield Model Development Project personnel for their comments and assistance~
and Jean Sparks for typing this report.



Evaluation of the Thompson-Type Yield Models
for Soybeans in Iowa, Illinois, and Indiana

Richard A. Kestle
Mathematical Statistician

This research was conducted as part of the
AgRISTARS Yield Model Development Project.
It is part of task 4 (subtask 1) in major
project element number 1, as identified in
the 1982 Yield Model Development Project
Implementation Plan. As an internal project
document, this report is identified as shown
below.

AgRISTARS
Yield Model Development

Project

YMD-1-4-1(82- 07.2)



FOREWORV

TIUA llepoJLt .w one 06 a .6WU 06 c.ltOp Ijield model evai.u.a,t{.on Ilepom bung plle-
palled blj VaJUOU6.6ta66 me.mbeJL6a;t the Joint USVA/NOAA/NASA ModeU.ng Cente.Jt in
Columbia, MAA.60W1L In:th-W irU.U.al .6vUU 06 evai.uation Ilepom, :.t.woaUe.JtnaUve
and poten£.i.aUlj c.ompedng mode£6 aile bung evalua.:ted 601l eac.h 06 the 60U(JI..IJ.{.ng
c.Jtop.6: .6plling wheat, baltlelj, C.OItn601l gltain, and .6oljbeaM. The evaluatioM 601l
.6plting wheat and baltlelj aile bung made 601l NoJt:th Vakota and Mi..nnuota, while
.6oljbean and C.OItnmode1A Me evaluated 601l IncUana, IWno.w and Iowa.

FoUowing the evai.uation Ilepom, and ba.6ed upon theilt OincUng.6, a .6 vUu 06
model c.ompalli.6on Ilepom aile being pllepalled. Thu e Ilepom (one 601Leac.h c.Jtop)
will c.ompalte the aUeJtnative oILc.ompe:ting model.6 601Leac.h poten£.i.al apptic.a:tion.

The pllevioU6llj pubwhed lLepom in thue .6eltiu aile wted below:

o "Evaluation 06 the CEAS TlLend and Monthllj Wea;the.JtVa;ta Model.6 601L
Spiting Wheat Yield6 in NolLth Vakota and Mi..nnuota," blj Jeanne L.
Sebaugh (USVA).

o "Evaluation 06 the W..LtU.am6-Tljpe Splling Wheat Model in NolLth Vakota
and Mi..nnuota," blj Shalton K. LeVuc. (NOAA).

o "Compa!l..i6on 06 CEAS and WiUia.m6- Tljpe Mode£6 601l Splling Wheat Yield6 -<..n
NolLth Vakota and Mi..nnuota," blj Tom L. Baltne:tt (NASA).

o "Evaluation 06 the CEAS Model 601LBaItlelj Yield6 in NoJt:th Vakota and
Mi..nnuota," blj Tom L. Baltne:tt (NASA).

o "Evaluation 06 the W..LtU.am6-Tljpe Model 601LBaItlelj Yield6 in NoJLth
Vakota and Minnuota," blj Tom L. Baltne:tt (NASA).

o "CompaJti.6on 06 CEAS and WiUia.m6- Tljpe BaItlelj Yield Model.6 601LNoJLth
Vakota and Minnuota," blj Shalton K. LeVuc. (NOAA).

Thue lLepom have been, and the lLe.maining lLepom in thue .6vUU will be, plLe-
palLed in .6Uppoltt 06 wk..6 in the Yield Model Vevelopment Pllojec.t 06 AgRISTARS.
AgRISTARS i.6 an ac.Jtonljm 601L"Agltic.uUUlte and RuoUltc.u Inventoltlj SUltvelj.6 Thltough
Ae.Jto.6pac.eRemote SeMing." It.w a muUi-agenc.1j plLogltam to meet .6ome c.Ultltent
and new in60/tmaUon need6 06 USVA.

WENVELLW. WILSON, Head
Yield Evaluation Sec.tion
Yield RUeMc.h Bltanc.h
Sta.:ti.6tic.al Rueallc.h Vivi.6ion
Sta.:ti.6tic.al Repoiling Se.Jtvic.e
U. S. Vepalttment 06 Agllic.uUUlte
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Table 1
Average Production and Yield

For Years 1970-1979

Soybeans
Iowa) Illinois) Indiana

STATE CRO I gB92Vxl~ON aos~~eSS~~~tE~lG96N I QNTL/~IEaB/t~CRE~-~-~---~_._,~~-------------~~--------~-------~------------~--~IOWA 10 I 10,677 39,229 16.9 6.2 23.3 34.6I20 I 10,954 40.250 17.4 6.4 22.7 33.730 3,901 14.335 6.2 2.3 21.6 32.140 8.171 30.024 13.0 4.7 22.2 33.050 11,107 40.810 17.6 6.5 23.7 35.260 4.993 18.344 7.9 2.9 24.3 36.170 3.002 18.377 7.9 Z.9 22.0 32.780 ,104 11.407 4.9 1.8 20.2 30.190 5.131 18.854 8.1 3.0 22.9 34.1
STATE 63,040 231.630 36.6 22.8 33.8

ILLINOIS 10 5,664 20.811 7.5 3.3 24.0 35.720 6.959 25,568 9.2 4.0 22.2 33.130 6,329 23.253 8.4 3.7 23.6 35.040 10,899 40,045 14.4 6.3 25.0 37.250 12,878 47,318 17.1 7.5 24.3 36.160 ll,S02 42.26~ 15.2 6.7 23.2 34.670 1 .715 43.04 15.5 6.8 20.8 31.080 4,881 17.935 6.5 2.8 19.3 28.790 4.685 17.213 6.2 2.7 17.4 25.9
STATE 75,510 277,448 43.9 22.5 33.4

INDIANA 10 3'~06 19.129 i5•5 3.0 22.1 32.920 • 14 13.647 1.1 2.2 21.8 32.430 3.933 14,453 11.7 Z.3 20.9 31.140 4,422 16.246 13.2 2.6 22.6 33.650 8,001 29,398 23.8 4.6 23.6 35.160 3,~73 1~,659 9.4 ~.8 21'A 31.470 3. 66 1 ,369 10.0 .0 20. 30,780 738 2,711 2.2 O.!t 18,5 27.590 1.058 3.889 3.1 0.5 1".9 28.1
STATE 33,012 123.500 19.5 21.CJ 32.~

REGION 172,162 632.578 22.4 _33.4
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For regression models, this suggests the use of a correlation coefficient
between two variables generated for each test year. One variable is an indi-
cator of the precision with which a prediction for the next year can be made,
based on the model development base period. The other variable (obtained
retrospectively) is an indicator of how close the predicted value for the
next year actually is to the "true" value. The estimate of the standard
error of a predicted value from the base period model, sy, is used for the
first value, and the absolute value of the difference between the predicted
and reported yield in the test year, Idl, is used as the second variable.

A non-parametric (Spearman) correlation coefficient, r, is employed since the
assumption of bivariate normality cannot be made. A positive value of
r(-l 2 r 2A+l) indicates agreement between sy and Idl, i.e'l a smaller (larger)
value of Sy is associated with a smaller (larger) value of dl. An r value
close to +1 is desirable since it indicates that a small standard error of
prediction (and therefore a narrow prediction interval about the yield being
predicted) is associated with small discrepancies between predicted and reported
yields. If this were the case, one would have confidence in sy as an indicator
of the accuracy of Y.

MODEL COMPARISON

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

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

A statistical test has been constructed by considering that one model per-
forms better than another if its predicted yields, ~'s, are closer to the reported
yields, Y's, than the other model. The reliability of each model is related to
the absolute value of the discrepancy between reported and predicted yields.
Thus, where Idll = IYI-yl and Id21 - IY2-YI, for models 1 (pooled) and 2
(unpooled), the statistic of interest is D = Idll- Id21. The null hypothesis
to be tested is that there is no difference in the reliability of the two
models over the ten test years. This hypothesis is rejected if D is not close
to zero.
Two types of paired-sample statistical tests are used: a parametric test
using Student's "t" test statistic and a nonparametric test using the Wilcoxon
signed rank test statistic. Both test statistics are used because the distri-
bution of D may not be a normal distribution. Also, the non-parametric test
will allow for the rejection of the null hypothesis if one model slightly, but
consistently, outperforms the other model; the parametric test will only re-
ject the null hypothesis if the average D value is large relative to its
standard error.

8
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Indicators of Yield Reliability and Statistical Tests
ShOw the Pooled Model is Preferred

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

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

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

MODEL EVALUATION

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

The CRD. state, and region values of indicators of yield reliability based on
d are given in Table 2. The bias is negative for nearly all models in Illinois
and Indiana. Generally,. the absolute value of the bias is less than a quintal/
hectare in all CRDs with exceptions occurring in CRD 70 in Iowa and in CRDs
20. 30, 60, 80 and 90 in Indiana. These exceptions also include the only CRD
models with a relative bias greater than five percent. The root mean square
error is between one and three quintals/hectare in all CRDs for all three
states (Figure 2). The relative root mean square error varies from state to
state; in Iowa it is below ten percent in all but CRD 80. in Indiana it ranges
between six and thirteen percent. and in Illinois it ranges between eight and
eleven percent. Because of the relatively small biases. standard deviations
and relative standard deviations are comparable to root mean square error
values.
Only CRDs 20 and 60 in Iowa and CRD 70 in Indiana produced smaller standard
deviations and root mean square errors than the state models. Biases at the
state level were small and relative root mean square errors at the state
level were all less than nine percent. The state model did somewhat better
than the aggregated CRD results in Illinois and Indiana, but did slightly worse
than the aggregated CRD results in Iowa. At the regional level. aggregating
from states produced slightly more favorable results than aggregating from
CRDs.

9



Table 2
Indicators of Yield Reliability

Based on D = Predicted - Reported Yield

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

MSE, VAR, B-SQR (QUINTA~S/HECTARE SQUARED)RMSE, SO, BIA~ (QUNTALS/~ECTARE)RRMSE, RSD, RB (P RCENT OF AVERAGE YIELD)
STATE CRD MSE R~SE RRMSE VAR SD RSD B-SQR BIAS RB-------- ..--- .. --~--------------- ---~-------------- -----------------
IOWA 10 4.86 2.20 9.5 3.99 2.00 8.9 0.86 -0.93 -4.020 2.05 1.43 6.3 2.04 1.43 6.3 0.01 -0.11 -0.530 3.00 1.73 8.0 2.68 1.64 7.8 0.32 -0.57 -2.640 3.27 1.81 8.1 3.26 1.80 8.1 0.01 0.10 0.550 2.64 1.63 6.9 2.48 1.57 6.5 0.17 0.41 1.760 1.70 1.30 5.4 1.33 1.15 4.6 0.37 0.61 2.570 4.71 2.17 9.9 2.70 1.64 1.0 2.02 1.42 6.580 5.31 2.30 11.4 5.3~ 2.30 11.4 0.00 0.02 0.190 4.37 2.09 9.1 4.2 2.07 9.2 0.08 -0.28 -1.2
STATE MODEL 2.49 1.58 6.9 2.40 1.55 6.9 0.10 -0.31 -1.4CRDS AGGR. 2.12 1.46 6.4 2.12 1.46 6.4 0.00 0.00 0.0

ILLINOIS 10 4.60 2.14 8.9 4.30 2.07 8.8 0.30 -0.55 -2.320 5.33 2.30 10.3 5.18 2.28 10.4 0.~2 -0.34 -1.530 6.3 2.52 10.7 5.81 2.'+1 10.6 O. 2 -0.72 -3.140 5.42 2.33 9.3 5.29 2.30 9.3 0.14 -0.37 -1.5SO 4.44 2.11 8.7 4.24 2.06 8.6 0.20 -0.45 -1.960 4.90 2.21 9.5 4.33 2.g8 9.3 0.56 -0.75 -3.270 4.42 2.10 10.1 3.78 1. 4 9.7 0.64 -0.80 -3.880 3.11 1.78 9.2 3.17 1.78 9.2 0.00 0.02 0.190 3.33 1.83 10.5 3.19 1.79 10.0 0.14 0.38 2.2
STATE MODEL 2.66 1.63 7.3 2.58 1.51 1.2 0.08 -0.28 -1.2CRDS AGGR. 3.68 1.92 8.5 3.45 1.B6 8.4 0.23 -0.48 -2.1

INDIANA 10 3.30 1.82 8.2 2.77 1.66 7.8 0.53 -0.73 -3.320 6.51 2.55 11.7 5.12 2.26 11.0 1.39 -1.1R -5.430 6.53 2.56 12.2 3.68 1.92 10.0 2.86 -1.69 -8.140 6.01 2.45 10.8 5.24 2.29 10.5 0.77 -0.88 -3.9SO 3.44 1.85 7.9 3.22 1.79 7.8 0.22 -0.47 -2.060 5.59 2.36 11.2 2.99 1.73 8.9 2.59 -1.61 -7.670 1.91 1.38 6.7 1.91 1.38 6.7 0.00 0.07 0.380 3.75 1.94 1~.5 ~.61 1.6~ 8.3 1.14 1.07 5.890 5.39 2.32 1 .3 .90 1.9 9.8 1.49 1.22 6.5
STATE MODEL 2.46 1.57 7.2 2.46 1.57 7.2 0.00 -0.03 -0.1CRDS AGGR. 3.10 1.76 8.1 2.55 1.60 7.6 0.55 -0.74 -3.4

REGIONCRDS AGGR. 2.26 1.50 6.7 2.15 1.'+7 6.6 0.11 -0.33 -1.5STATES AGGR. 2.09 1.45 6.4 2.04 1.43 6.4 0.05 -0.23 -1.0

10



Figure 2. Root mean square error.(RMSE) for Thompson-type soybean yield models in quintals per hectare based
on test ¥ears 1970-1979. Darker shades indicate CRDs with higher production.

80 90
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Indicators of Yield Reliability Based on rd = 100d/Y Show
10 to 50 Percent of Years Have rd Greater Than 10 Percent

and the Largest rd Between 11 and 47 Percent

The CRD, state, and region values for indicators of reliability based on rd
are given in Table 3. CRD values are also shown in Figures 3-5. In Iowa,
no CRD had more than 30 percent of its test years for which Irdl was greater
than 10 percent. CRD 80 had the largest Irdl value of all (46.3%), but this
was the only test year for that CRD in which Irdl was greater than 10 percent.
In Illinois, one CRD had Irdl values greater than 10 percent in 50 percent
of the years. The largest Irdl values ranged from 15 percent to 34 percent.
In Indiana, five CRDs showed 40 percent of the years with an Irdl greater
than 10 percent. The largest Irdl values ranged from 15 to 25 percent.
Over the three states, the range of the smallest Irdl values was zero to
three percent. The year with the largest Irdl value varied, but was most
commonly 1974 (see the Appendix section "Brief Description of Growing Condi-
tions for Soybeans in the Bootstrap Test Years" for more information on yearly
growing conditions and yields).

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

Indicators of Yield Reliability Based on Y and Y Show Good
Correspondence Between Direction of Change in Predicted

As Compared to Reported Yields

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

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

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

12



Table 3
Indicators of Yield Reliability

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

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

PERCENT IOf YEARS LARGEST lROI I ~EXT SMALbEST RANGESTATE CRD IRDI>10% RD ('(AR) I LA~GEST IR I IROI------------ ---------- -------------- --------- ---------- ------
IOWA 10 30 -15.4 (1972) 14.1 -1.5 13.920 10 14.9 (1974 ) -6.8 -0.9 14.130 30 -14.0 (1977 ) -10.6 -2.3 11.740 20 18.0 (1974 ) 16.2 0.0 18.050 10 19.7 (1974) 10.0 -1.2 18.560 20 ll·9 (1976) 10.6 0.4 11.670 30 2 .0 (1974 ) 14.6 0.8 26.180 10 46.3 (1974) -10.0 1.5 44.890 10 29.2 (1974) -9.3 -1.8 27.4
STATE MOOEb 30 16.5 (1974) -10.9 -1.0 15.5CRDS AGG • 10 18.6 (1974) 8.7 -0.4 18.e

ILLINOIS 10 30 26.5 (1974 ) -12.8 -0.8 25. ·720 30 20.6 (1974) -18.1 -0.5 20.130 50 31.9 (1974) -11.5 0.8 31.140 10 34.1 (1914) -9.3 -0.4 33.150 30 24.4 (1914) -11.7 2.0 22.460 20 21.9 (1914) -12.8 1.9 20.070 40 19.1 (1974) -14.5 -2.2 16.980 30 14.9 (1914) -12.~ -1.5 ~3.490 30 25.8 (1978) 20. -1.1 4.8
STATE MODEL 10 2~.8 (1974 ) -8.1 -1.0 20.9CRDS AGGR. 20 2 .6 (1974 ) -12.1 -0.5 23.2

INDIANA 10 20 -15.2 (1971 ) 14.Q ~.3 13.920 30 -21.0 (1915 ) -19.:) .3 ~8.730 40 -21.6 (1971 ) -16.9 -0.5 1.040 40 2 .5 (1914 ) -16.0 2.0 22.S50 30 16.3 (1914 ) -13.1 0.4 15.960 40 -1~.5 (1917) -17.9 2.1 15.970 20 1 .0 (1978 ) 10.8 0.5 11.580 40 22.5 (1915 ) 21.5 -0.6 21.'='90 40 24.8 (1913) 19.3 0.6 24.3
STATE r-10DEL 10 14.9 (1914 ) 9.1 1.0 13.9CRDS AGGR. 20 -14.9 (1977 ) 10.1 -2.5 12.4

REGION MODELCRDS AGGR. 10 19.5 (1974 ) -9.3 -0.5 19.1STATES AGGR. 10 18.4 (1914 ) -8.6 0.8 11.6
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Figure 3. Percent of test years (1970-1979) the absolute value of the relative difference from the Thompson-
type soybean models is greater than ten percent. Darker shades indicate CRDs with higher production.



Figure 4. Largest absolute value of the relative difference from the Thompson-type soybean models during the
test years 1970-1979. Darker shades indicate CRDs with higher production.
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Figure 5. Next largest absolute value of the relative difference from the Thompson-type soybean models during
the test years 1970-1979. Darker shades indicate CRDs with higher production.



Figure 6

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

Illinois State Model, Reported and Predicted Soybean Yields
for the Test Years 1970-1979 (Quintals/Hectare)
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Figure 8

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

A = Reported Yield P = Predicted Yield
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Table 4
Indicators of Yield Reliability

Based on Reported and Predicted Yields

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

PERCE~·JTOF YEARSDIRECTION OF CHANGE IS CORRECT PEARSONSTATE CRD FROM PREVIOUS YEAR FROM BASE PERIOD CORR. COEF.------------- ------------------- ------------------ ------------
IOINA 10 67 86 0.7020 78 ~7 0.5230 67 43 0.6940 67 71 0.77SO 78 86 0.7860 78 100 0.8370 22 71 0.3980 56 ':)7 0.3290 67 86 0.53
STATE MODEL 44 86 0.69CRDS AGGR. 67 57 0.65

ILLINOIS 10 89 71 0.7720 78 57 0.5830 56 57 0.4840 67 57 0.7650 67 57 0.6460 67 57 0.6370 67 57 0.7380 67 71 0.7390 89 j6 0.73
STATE MODEL 89 57 0.81CRDS AGGR. 89 57 0.75
INDIANA 10 67 71 0.6720 44 71 0.5330 67 71 0.6440 S6 57 0.54SO 56 86 0.7260 44 71 0.6170 56 71 0.7280 S6 86 0.5790 56 ~3 0.48
STATE MODEL 78 86 0.74CRDS AGGR. S6 86 0.70

REGION MODELCRDS AGGR. 89 86 0.73STATES AGGR. 67 57 0.75
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dieted by the
Darker shades

Figure 9. Percent of test years (1970-1979) the direction of change from the previous year in yield as pre-
Thompson-type soybean models agree with the direction of change in the reported yields.
indicate CRDs with higher production.
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(1970-1979) the direction of change
predicted by the Thompson-type soybean models agree

Darker shades indicate CROs with higher

Figure 10. Percent of test years
yield as
the reported yield.

from the previous three years average
with the direction of change in
production.



Figure 11. Pearson correlation coefficients between reported yield and yield as predicted by Thompson-type
soybean models for the test years 1970-1979. Darker shades indicate CRDs with higher production.
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At the state level there appears little difference between state models and
aggregated CRD results, although the state models do give slightly greater
correlation coefficients. Similarly, the method of aggregation does not
seem significant at the region level.

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

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

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

The MSE values of Table 2 are also given in Table 5. In all but one case
(CRD 60 in Iowa) the independent test MSEs were greater than the correspond-
ing average base period residual mean square, and even larger than the highest
corresponding base period residual mean square. Obviously, use of the residual
mean square indicators of fit as indicators of predicted yield reliability
would be misleading.

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

Indicator of the Fit of the Model

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

BAiE P~RIOD INDEPENDENTRESIDU L M AN SQUA~E TESTSTATE CRD LOW HIGH AVERAGE MSE---- ..---- ...-- -----------~--------_ ..._--- ---------------
IOWA 10 1.72 2.00 1.88 4.86

20 1.72 2.00 1.88 2.0530 1.'2 2.00 1.88 3.00
40 1.72 2.00 1.88 3.27
50 1.72 2.00 1.88 2.6460 1.72 2.00 1.88 1.70
70 1.72 2.00 1.88 4.71
80 1.72 2.00 1.88 5.3190 1.72 2.00 1.88 4.37

STATE MODEL 1.07 1.32 1.18 2.49

ILLINOIS 10 1.38 1.84 1.58 4.60
20 1.38 1.84 1.58 5.30
30 1.38 1.84 1.58 6.33
40 1.38 1.84 1.58 5.4250 1.38 1.84 1.58 4.44
60 1.38 1.84 1.58 4.90
70 1.38 1.84 1.58 4.42
80 1.38 1.84 1.58 3.~790 .38 1.84 1.58 3. 3

STATE MODEL 1.07 1.32 1.18 2.66

INDIANA 10 1.31 1.75 1.48 3.30
20 1.31 1.75 1.48 6.5130 1.31 1.75 1.48 6.5340 1.31 1.75 1.48 6.0150 1.31 1.75 1.48 3.44
60 1.31 1.75 1.48 5.59
70 1.31 1.75 1.48 1.9180 1.31 1.75 1.48 3.7590 1.31 1.75 1.48 5.39

STATE MODEL 1.07 1.32 1.18 2.46
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Table 6
Correlation Between Observed and Predicted Yields As An

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

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

BASE PERIOD I I"IOEPENDENTTEST CORRELATION COEf. ISTATE CRD LOW HIGH AVERAGE , CORR. COEF.---...-------- --------------------------1---------------,
IOWA 10 0.89 0.92 0.91 , 0.70

20 0.89 0.92 0.91 , 0.5230 0.89 0.92 0.91 , 0.69
40 0.89 0.92 0.91 I 0.77
50 0.89 0.92 0.91 I 0.78
60 0.lj9 0.92 0.91 , 0.83
70 0.89 0.92 0.91 0.39
80 0.89 0.92 0.91 0.32
90 0.89 0.92 0.91 0.53

STATE MODEL 0.95 0.96 0.95 0.69

ILLINOIS 10 0.96 0.96 0.96 0.77
20 0.96 0.96 0.96 0.58
30 0.96 0.96 0.96 0.48
40 0.96 0.96 0.96 0.7650 0.96 0.96 0.96 0.6460 0.96 0.96 0.96 0.6370 0.96 0.96 0.96 0.7380 0.96 0.96 0.96 0.7390 0.96 0.96 0.96 0.73

STATE MODEL 0.95 0.96 0.95 0.81

INDIANA 10 0.94 0.95 0.95 0.67
20 0.94 0.95 0.95 0.5330 0.94 0.95 0.95 0.6440 0.94 0.95 0.95 0.5450 0.94 0.95 0.95 0.72
60 0.94 0.95 0.95 0.6170 0.94 0.95 0.95 0.72
80 0.94 0.9~ 0.95 0.57
90 0.94 0.95 0.95 0.48

STATE MODEL 0.95 0.96 0.95 0.74
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square indicators of fit discussed above, all base period CRn level values of
R are the same in a given year and state. The average values range from 0.91
to 0.96.

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

Models Are Objectively Defined and Used

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

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

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

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

Trends terms are an important component of the Thompson-type yield models.
Technological changes have had important impacts on soybean yields over time,
but inclusion of technological variables into yield models are often impos-
sible because of a lack of continuous, long-term data bases. For this reason
trend terms are used as surrogates for technological advances. The choice
of trend term determines the residuals of the trend which are assumed to be
dependent on the weather variables in the model. Therefore, if trend is
incorrectly handled in a model, results may be substantially affected.

As stated in a previous section, a "yield with normal weather" input value
was included in the Thompson-type models. This value was calculated in each
state and year by first regressing yields on a linear trend variable, year
minus 1929, and then multiplying the resulting trend coefficient times the
value of trend in that particular year. The decision to use the simple
linear term was based in part on a graphical review of yields vs. year over
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a five state region (Thompson 1970). Figures 12-14 show plots of state level
yield vs year for Iowa, Illinois, and Indiana separately, and give no obvious
cause for rejecting a simple linear trend as appropriate. The numerical
values of the trend coefficients for the simple linear regression of yield
on trend for all CROs and states using data through 1979 are listed in the
Appendix (p. 40). Trend coefficients ranged from 0.23 to 0.42 in Iowa while in
Indiana and Illinois the range was only from 0.23 to 0.32. There is no
readily available scientific explanation for this higher rate of increase
in soybean yields due to technology in Iowa.

Thompson also justified the use of a linear trend based on fertilizer applica-
tion practices and varietal improvement history. According to him, soybeans
have benefited more from the residual effects of fertilizer on corn than on
direct application, and that an even more important influence than fertilizer
on soybean yields has been the development of improved varieties. Because of
this cultural background, it is argued, yield increases have been slow and
steady rather than piecewise or curvilinear. These relationships are possibly
true, but no other references or sources are quoted by Thompson.
Entering trend and weather as distinct variables in a single regression equation
does not clearly separate the impact of weather and non-weather influences on
yield. More research needs to be done on alternate methods of distinguishing
the effects of weather and technology.

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

There are several problems inherent in the use of monthly weather data. One
of these stems from the association of a monthly weather figure to large areas
such as states or CROs. It is assumed that the weather data are representa-
tive of the entire area over the entire month, when in actuality the weather
may be representative of only a small subsection of the area or
a portion of the month. Another problem arises from the fact that monthly
divisions may have little correspondence to the beginning or ending of growth
states in crop development, which in turn specify the changing temperature
and moisture needs of the crop. Both of these problems will show large year-
to-year fluctuations as well.
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Figure 12

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

V.S.D.A. Reported State Soybean Yields for Illinois
1931-1979 (Quintals/Hectare)
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Figure 14

U.S.D.A. Reported State Soybean Yields for Indiana
1936-1979 (Quintals/Hectare)
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In the Thompson-type models both the linear and the quadratic components of
each departure from normal weather variable are included. The inclusion
of the quadratic terms was done because weather variables were assumed to
be related to yield in a curvilinear pattern (Thompson, 1970). This assump-
tion, although undefended, seems reasonable. For instance, it is likely that
reductions in yield will occur during times of drought as well as during
times of excess moisture.

The state and regional models were run using all data through 1979. In the
Appendix (p. 41) is a table listing the resulting model coefficients and their
significance levels. In every model there were three to five weather vari-
ables which were not significant. In most cases this included July and August
temperature variables. It is known that monthly rainfall and temperatures are
negatively correlated with each other in many situations; extremely high te~
peratures are usually associated with droughts. Thus, late season rains (July
and August) which are important to crop yields (coefficients are positive and
significant) provide enough information about the crop growing conditions as
to make temperature variables unnecessary. However, June temperature coeffi-
cients are positive and significant as well, showing that soybeans respond to
early season higher temperatures (before flowering). Also, all significant
squared weather variables, whether precipitation or temperature, were nega-
tively signed. This is in keeping with Thompson's assumption about the use
of quadratic forms (noted above). Because these squared term coefficients
were so small (on the order of 10-3 to 10-6), it would take large departures
from normal to significantly and adversely affect predicted soybean yields.

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

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

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

These models were originally developed by Thompson to model yields on a five-
state regional scale and have since been applied to state and CRD levels.
They could be developed for any geographical region for which yearly yield
and monthly weather data were available. Because of the large number of input
variables involved, a long-term time series of data (probably at least 25
years) would be necessary for adequate results. Using the Thompson approach
to model development, no changes in model form would be necessary. The models
evaluated here used climatic division weather data. The number of weather
stations per division varies; in Indiana, for instance, the range is from
seven to nineteen. Comparable results may be less stable in areas with fewer
weather stations (county level for instance).
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Timely Estimates Can Be Made Using Approximated Weather Data
And/or Assumed Normal Weather

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

If within-season yield forecasts are desirable, a combination of approximate
monthly data estimates for past months and assumed normal weather for months
yet to come can also be used to give rough predictions of yield.

Thompson-Type Yield Models Are Not Costly to Operate

Operational costs of running these models for Iowa, Illinois and Indiana are
not high. The monthly data (average temperature and total rainfall) are cur-
rently prepared for other users on a routine basis, so that conceptually the
cost could be shared. All that is required to obtain the yield predictions is
to have someone responsible for acquiring the weather data and performing
the regression equation calculations. The necessary computer programs are
written in SAS and could be run on a computer system having that capability.
Because the pooled 'state models were developed with nine times as many obser-
vations as the individual CRD models, and the pooled region models with three
times as many observations as the individual state models, more computer
memory would be required to develop the pooled models using SAS procedures.

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

It is difficult to say how expensive it would be to develop a model for a
geographic area other than Iowa, Illinois, and Indiana. The availability and
form of the weather and yield data would be the determining factors.

The Models Are Easy to Understand and Use

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

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

Modeled Yield Reliability

Agreement Between Base Period Predicted
and Test Year Reported Accuracy

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

SPEA~~ANSTATE CRD I CORRELATION COEF.-------------~---I-----------------------I
IIOWA 10~O30405000

70bO~O
STATE MODt:.L
ILLINOIS 1020304050bO

-'0dO'10

-0.38-0.25
-0.10-0.200.13-0.33
0.14-0.41-0.15

-0.19
0.380.63-0.21-0.040.06
0.190.400.640.53

STATE MODt:.L 0.20
INDIANA 10 -0.05~o 0.5830 0.2040 0.21~o -0.10bO -0.24

10 0.48dO -0.3590 0.33
STATE MODEL 0.60
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Figure 15. Spearman correlation coefficient between the estimate of the standard error of a predicted value from
the Thompson-type soybean base period model and the absolute value of the difference between predicted
and reported yield in the test years 1970-1979. Darker shades indicate CRDs with higher production.
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APPENDIX

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

Derived from Independent Test Years

Thompson-Type Soybean Yield Models
Iowa, Illinois, Indiana

MODEL
Pooled Unpoo1ed Pooled Unpoo1ed : Pooled Unpoo1ed

State CRD :RMSE Rank RMSE Rank SD Rank SD Rank : Bias Rank Bias Rmk
Iowa 10 : 2.20 (1) 3.73 (2) 2.00 (1) 3.64 (2) :-0.93 (2) -0.80 (1)

20 : 1.43 (1) 2.67 (2) 1.43 (1) 2.55 (2) :-0.11 (1) 0.78 (2)
30 : 1.73 (1) 1.80 (2) 1.64 (1) 1.79 (2) :-0.57 (2) 0.17 (1)
40 · 1.81 (1) 3.68 (2) 1.80 (1) 3.65 (2) . 0.10 (1) -0.48 (2)
50 : 1.63 (2) 1.34 (1) 1.57 (2) 1.23 (1) o. Ll1 (1) 0.55 (2)
60 · 1.30 (1) 2.41 (2) 1.15 (1) 2.40 (2) 0.61 (2) 0.21 (1)
70 : 2.17 (1) 3.82 (2) 1.64 (1) 3.64 (2) 1.42 (2) 1.14 (1)
80 · 2.30 (1) 3.05 (2) 2.30 (1) 3.02 (2) 0.02 (1) -0.41 (2)
90 : 2.09 (1) 4.21 (2) 2.07 (1) 4.09 (2) :-0.28 (1) -0.96 (2)

State Model : 1.58 (1) 1.99 (2) 1.55 (1) 1.92 (2) :-0.31 (1) 0.52 (2)
CRDs Aggr. : 1.46 (1) 1.76 (2) 1.46 (1) 1.75 (2) : 0.00 (1) 0.07 (2)
Illinois 10 · 2.14 (1) 2.26 (2) · 2.07 (1) 2.26 (2) :-0 .55 (2) -0.00 (1)

20 : 2.30 (1) 2.81 (2) : 2.28 (1) 2.73 (2) :-0.34 (1) -0.64 (2)
30 · 2.52 (1) 2.63 (2) · 2.41 (2) 2.27 (1) :-0.72 (1) -1. 33 (2)
40 : 2.33 (2) 2.31 (1) : 2.30 (2) 2.20 (1) :-0.37 (1) -0.71 (2)
50 ·2.11 (2) 1.92 (1) : 2.06 (2) 1.79 (1) :-0.45 (1) -0.71 (2)
60 : 2.21 (2) 1.88 (1) : 2.08 (2) 1.51 (1) :-0.75 (1) -1.11 (2)
70 : 2.10 (2) 2.02 (1) : 1.94 (2) 1.73 (1) :-0.80 (1) -1.04 (2)
80 · 1.78 (1) 1.90 (2) · 1.78 (2) 1.77 (1) : 0.02 (1) -0.68 (2)
90 · 1.83 (2) 1.68 (1) : 1.79 (2) 1.65 (1) : 0.38 (2) -0.32 (1)

State Model : 1.63 (1) 1.98 (2) : 1.61 (2) 1.55 (1) :-0.28 (1) -1.24 (2)
CRDs Aggr. : 1.92 (2) 1.78 (1) : 1.86 (2) 1.60 (1) :-0. L+8 (1) -0.78 (2)
Indiana 10 : 1.82 (1) 2.24 (2) : 1.66 (1) 2.18 (2) :-0.73 (2) -0.50 (1)

20 ·2.55 (2) 1.81 (1) · 2.26 (2) 1.79 (1) :-1.18 (2) -0.31 (1)
30 ·2.56 (2) 1.99 (1) :1.92 (2) 1.51 (1) :-1.69 (2) -1.30 (1)
40 · 2.45 (1) 3.29 (2) · 2.29 (1) 2.90 (2) :-0.88 (1) -1.55 (2)
50 · 1.85 (1) 2.56 (2) · 1.79 (1) 2.44 (2) :-0.47 (1) -0.79 (2)
60 : 2.36 (1) 2.50 (2) : 1.73 (1) 2.22 (2) :-1.61 (2) -1.14 (1)
70 : 1.38 (1) 1.79 (2) : 1.38 (1) 1.79 (2) : 0.07 (2) -0.02 (1)
80 · 1.94 (2) 1.70 (1) · 1.61 (1) 1.70 (2) : 1.07 (2) -0.04 (1)
90 : 2.32 (2) 1.97 (1) : 1.97 (2) 1.73 (1) : 1.22 (2) 0.93 (1)

State Model : 1.57 (1) 1.95 (2) : 1.57 (1) 1.95 (2) :-0.03 (1) 0.08 (2)
CRDs Ag6r. : 1.76 (1) 1.93 (2) : 1.60 (1) 1.79 (2) :-0.74 (2) -0.72 (1)

Region
CRDs Aggr. : 1.50 (2) 1.47 (1) : 1.47 (2) 1.40 (1) :-0.33 (1) -0.44 (2)

States Aggr. : 1.45 (2) 1.35 (1) : 1.43 (2) 1.31 (1) :-0.23 (1) -0.33 (2)

38



APPENDIX
Model Comparison Based on Paired-Sample Statistical Tests

Thompson-Type Pooled and Unpooled Models
(*=P<.lO, **=P<.05, ***=P<.Ol)

Thompson-Type Soybean Yield Models
Iowa, Illinois, Indiana

PARAMETRIC T-TEST I NONPARAMETRIC RANK TEST------------~--~----------I--~-~--------------------AVERAGE 101 IDIFFERENCE I % S~ALbER IOIIDIFFERENCE
STATE CRO MODEL I OF I MO EL , OFUNPOOL POOL 'AVERAGES I U~POOL POOL IPfRCENTAGE-----~------ ---------------~---------- -----------------~-------
IowA 10 2.8 1.q 0.9 40 60 20

20 2.3 1.2 1.1 ** 30 70 40 **
30 1.7 1.5 0.2 40 60 20
40 2.4 1.4 0.9 50 SO 0SO 1•1 1.3 0.1 60 40 20
60 1.9 1.0 0.9 30 70 40 **70 3.0 1.5 1.5 30 70 40 **
80 2.4 1.6 0.8 40 40 0
90 2.6 1.7 0.9 60 30 30

STATE MODEL 1.7 1.3 0.4 40 60 20
CRDS AGGR. 1.5 1•1 0.4 40 60 20

ILLINOIS 10 1.6 1.5 0.0 30 60 30
20 2.4 1.8 0.6 ** 10 80 70 ***30 2.3 2.0 0.3 40 60 20
40 1.9 1:9 0.1 50 50 0SO 1.6 0.1 40 40 0
60 1.8 1.9 0.1 60 40 20
70 1.7 1.8 0.1 SO 50 0
80 1.5 1.6 0.2 50 40 10
90 1.4 1.4 0.0 60 30 30

STATE MODE~ 1.8 1.4 0.5 20 50 30 *CRDS AGG • 1.6 1.6 0.0 30 60 30
INDIANA 10 1.7 1.5 0.2 40 60 20

20 1.6 2.0 0.4 40 60 20
30 1.7 2.0 0.3 60 30 30
40 2.6 2.0 0.6 10 80 10 **SO 2.0 1.4 0.6 * 10 90 80 **60 1.9 1.9 0.1 70 30 40
10 1.5 1.1 0.4 30 70 40
80 1. S 1.5 0.1 50 40 10
90 1.5 1.9 0.3 60 40 20

STATE MODEL 1.8 1.4 0.4 ** 10 70 60 ***CROS AGGR. 1.5 1.5 0.0 30 50 20
REGION 1.2CROS AGGR. 1.~ 0.1 50 40 ~gSTATES AGGR. 1•1 1. 0.1 60 40
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APPENDIX
Coefficients of Trend Terms From Regressions of

Yield on Trend Using Data Through 1979*

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

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

Model Coefficients and Significance Levels for Thompson-Type
State and Region Models Using Data Through 1979Y

Variable
Iowa

Coefficient S.L.t Illinois
Coefficient S.L.

Indiana
Coefficient S.L.

Region
Coefficient S.L.

Intercept
Yield with normal weather
Cumulative precipitation 2
(Cumulative precipitation)
July precipitation 2
(July precipitation)
August precipitation
(August precipitation)2
June temperature
(June temperature)2
July temperature
(July temperature)2
August temperature
(August temperature)2

0.77
1.02
2.lE-3

-3.lE-5
0.02

-3.9E-5
0.01

-5.2E-5
0.30

-0.04
-0.02
-0.02

0.06
-0.09

******
***
***
****
*****
*

**

3.01 *** 2.40
0.89 *** 0.92

-2.8E-5 2.8E-4
-6.6E-6 *** -7.2E-6

0.02 *** 0.02
-1.0E-4 *** -1.7E-4

0.02 *** 0.02
-2.9E-5 -1.2E-4

0.10 ** 0.14
-0.08 *** -0.05
-0.17 *** -0.08

0.01 -0.01
-0.01 -0.04
-0.05 ** -0.05

***
***
***
******
***
******
**

*

2.38
0.92
9.5E-4

-1.0E-5
0.03

-1.5E-5
0.02
5.1E-5
0.19

-0.11
-0.08

0.04
0.07

-0.07

***
***
***
******
***
*****

*
t - S.L. stands for "significance level"
* - significant at 0.10 level

** - significant at 0.05 level*** - significant at 0.01 level
y - Data from Iowa is for years 1950-1979; data from Illinois is for years 1932-1979; data from Indiana is

for years 1937-1979.



APPENDIX

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

Year

1970

1971

State

Iowa

Illinois

Indiana

Iowa

Illinois

Indiana

Description

Yield same as record 1969 level. Production up 4%.
Planting well ahead of average.
Dry conditions in west, mid June to early August.
Wet harvest conditions cause field losses.
Small crop insurance claims for drought.

Yield down 7~%, record harvested area up 2%.
Heavy April rains in north and central delayed

planting.
Crops in good condition most of season.
September rains cause late harvest.
Dominant variety is Wayne, followed by Amsoy.

Yield and production down 4%.
Harvested area down 1%.
Wet soils hindered planting.
Heavy August and September rains also delayed harvest.
Yield same as record 1970 level. Production down 3%.
Planting well ahead of average.
Cool, dry weather during May slows crop development.
June rain and warm weather help crops to make

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

hail and drought.
Yield up 6%, record harvested area up 5%.
Record production up 12%.
Planting over early.
Lack of extremes in temperature bring ideal grow-

ing conditions.
Harvest ahead of normal.

Yield up 6%, production up 9%.
Harvested area up 3%; all are new state records.
Dry cool spring with mild drought.
Planting completed early.
Harvest also ahead of schedule.
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APPENDIX

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

Year

1972

1973

State

Iowa

Illinois

Indiana

Iowa

Illinois

Indiana

Description

Yield up 11%, production up 21%.
Rains delay planting.
Season noteworthy for hail losses and flood losses.
24 tornadoes during season.
Harvest season one of worst on record.
Small insurance claims for hail and excess moisture.

Yield up 4~%, production up 10%, harvested area
up 5%; all are new state records.

Planting normal.
Dry June weather.
Summer moisture adequate.
Cool temperatures all summer.
Rain slowed harvest.
41% of planted area sown in 37-38" row widths.

Yield down 11%, production down 3%.
Record harvested area up 9%.
Planting occurred on schedule.
During season south was dry, north had excess

moisture.
Harvest far behind schedule - only 60% completed

by end of year.
Yield down 6%, production up 22%.
Planting slow due to rain.
Wettest year since 1902.
Growing season cooler than normal but longer.
Harvest season delayed due to rain but one of finest.
Small crop insurance losses due to excess moisture.

Yield down 7%.
Record production up 8% and record harvested area

up 19%.
Heavy spring rains delay planting.
Growing season temperatures normal with above

normal precipitation through July.
Harvest on time.
Yield up 7%, record production up 24%.
Record harvested area up 16%.
Surplus spring moisture slows planting.
Harvest on normal schedule.
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APPENDIX

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

Year

1974

1975

State

I~a

Illinois

Indiana

Iowa

Illinois

Description

Yield down 18%, production down 24%.
Heavy rains in May and June.
Hot, dry weather in late June and July.
Unusually early frosts in Septemper.
Erosion and flooding wor~t in years in the eastern

part of the state.
Small crop insurance losses due to hail.
Corsoy, Amsoy and Wayne are major varieties.

Yield down 24%, production down 28% (lowest
since 1967).

Heavy spring rains and late freeze delay planting
very late.

Cool temperatures most of summer, dry late summer.
Early September rains and freeze delay harvest.
Wayne, Williams and Amsoy dominant varieties.

Yield down 26%, production down 30%.
Harvested area down 9%.
Lowest yield and pr6duction since 1967.
Heavy May rains slow planting.
Hot, dry July.
Extremely early fall freeze catches 40% of crop

still in immature stages.

Yield up 21%, production up 19%.
Frequent rains delay planting.
Late June rains in the central region cause flooding.
Six consecutive weeks of hot, dry weather in July

and August.
Ideal harvest weather.
Small insurance losses due to drought.
Wayne now 2nd most popular variety behind Corsoy.

Record yield up 50%.
Record production up 46%, harvested area down 3%.
Planting completed early.
Growing season temperatures normal and precipita-

tion above normal.
Dry, warm fall weather allows harvest to finish

well ahead of normal.
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APPENDIX

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

Year

1976

1977

State

Indiana

Iowa

Illinois

Indiana

Iowa

Description

Record yield up 32%, production up 25%.
Harvested area down 7%.
Excellent early planting weather.
Growing season conditions bring abundant rainfall

and optimum temperatures.
Early fall weather dry and sunny, producing early

harvest.

Yield down 9%, production down 16%.
Dry mid-May for good planting.
June and July warm and dry.
Hot, dry weather later slows development.
Early harvest due to weather.
Small insurance loss due to drought.

Yield down 8%, production down 17%, harvested area
down 9% (lowest since 1972).

Planting ahead of normal.
Growing season mostly cool and dry; precipitation

10" below normal (especially NW, NE, and west).
Harvest completed early.
Williams now dominant variety, Wayne drops to second.
42% of planted area sown in 27"-30" row widths.

Record yield up 1%, production down 8%.
Harvested area down 10%.
Most favorable planting conditions in several years.
Spring and early summer cool and dry.
Some moisture stress in late summer.
Harvest underway early.
Williams is dominant variety, followed by Amsoy.

Yield up 15%, production up 26%.
Coldest winter in Iowa history.
Herbicide damage causes some replanting.
Grasshopper damage occurred.
Crop stress in June and July.
Cool, wet weather delays harvest.
Small insurance claims due to drought.

45



APPENDIX

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

Year

1978

State

Illinois

Indiana

Iowa

Illinois

Indiana

Description

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

delays harvest.

Record yield up 8%, record production up 29%.
Harvested area up 18%.
Weather extremes occurred over state.
Early summer had some drought.
Harvest delayed by wet, cool weather.
Williams still dominant variety but only by small

percentage over Amsoy.

Yield up 6%, record production up 13%.
Cold, wet spring delayed planting.
Excellent June and July growing season conditions,

with above average July moisture.
Hot, dry weather in early fall promotes crop

maturity.
Excellent harvest weather.
Corsoy, Wells and Williams are most popular varieties.

Yield down 12%, production down ~%, record har-
vested area up 4%.

Planting extremely delayed by heavy rains.
Growing season generally cool and dry with tempera-

tures 30 below normal.
Harvest normal to early.
Williams and Amsoy dominant varieties.
46% of planted area in 27"-30" row widths.

Yield down 7%, production down 1%.
Harvested area up 1%.
Wet fields slowed early planting.
Growth slow over early summer.
Excellent harvest conditions.
Williams dominant variety.
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APPENDIX

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

Year

1979

State

Iowa

Illinois

Indiana

Description

Yield same as 1978, record production up 8%.
One of worst winters on record.
Wet, cold soils delay planting but later progressed

rapidly.
Harvest ahead of schedule.
Small insurance claims for hail.

Yield up 15%, production up 21%, harvested area up
6%; all are new state records.

Planting starts late but finishes early.
Weather during growing season slightly cool with

normal precipitation.
W, C, and SW had slightly less moisture.
Normal to early harvest.

Yield up 4%, record production up 10%.
Record harvested area up 5%.
Cold wintery early spring weather slows planting.
Summer rains also heavy in parts (10"-16").
Cool autumn weather allows for early maturity and
harvest.
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APPENDfXBOOTSTRAP TES RESULTSFOR SOYBEAN YIELDS INIOWA, I~LINOIS, AND INDIANAUSING A HOMPSON-TYP£ MODEL
YIELD (Q/H) S.E. *

STATE CRD YEAR ACTUAL PREO. 0 Ra PRED.~-~.~-~-----------------------~------------~----------
IOwA 10 1970 19.1 18.4 -0.7 -3.7 1.41

1971 21.6 19.8 -1.8 -8.3 1.44-
1972 25.3 21.4 -3.9 -15.4 1.36
1973 24.7 22.4 -2.3 -9.3 1.35
1974 19.8 22.6 2.8 14.1 1.40
1975 24.1 22.3 -1.d -7.5 1.48
1976 20.0 21.0 1.0 5.0 1.47
1977 26.3 23.0 -3.3 -12.5 1.47
1978 26.9 26.5 -0.4 -1.5 1.45
1979 24.9 26.0 1•1 4.4- 1.44-

20 1970 22.2 20.7 -1.5 -6.8 1.39
1971 2!.4 20.4 -1.0 -4.7 1.49
1972 2 .4 22.7 -0.7 -3.0 1.37
1973 22.8 21.4 -1.4 -6.1 1.37
1974 19.4 22.3 2.9 14.9 1.39
1975 23.2 23.0 -0.2 -0.9 1.46
1976 21.7 22.9 i·2 5.5 1.43

977 24.6 23.0 - .6 -6.5 1.50
1978 24.3 25.8 1.5 6.2 1.44-
1979 23.6 23.3 -0.3 -1.3 1.90

30 1970 21.8 19.5 -2.3 -10.6 1.37
1971 19.1 18.5 -0.6 -3.1 1.48
1972 22.0 21.5 -0.5 -2.3 1.37
1973 21.0 18.9 -2.1 -10.0 .39
1974 18.3 20.0 1.7 9.3 1.40
1975 20.4 21.3 0.9 4.4 1.45
1976 19.8 21.0 1.2 6.1 1.42
1977 25.0 21.5 -3.5 -14.0 1.52
1978 24.6 23.3 -1.3 -5.3 1.43
1979 24.1 24.9 0.8 3.3 1.45

40 1970 19.3 20.1 0.8 4.1 1.38
1971 20.1 20.4 0.3 1.5 1.44
1972 24.5 22.5 -2.0 -8.2 1.35
1973 22.1 21.5 -0.6 -2.7 1.37
1974 19.4 22.9 3.5 18.0 1.39
1975 23.2 22.0 -1.2 -5.2 1.46
1976 18.5 21.5 3.0 16.2 1.45
1977 22.9 22.9 0.0 0.0 1.46
1978 26.7 24.6 -2.1 -7.9 1.43
1979 25.5 24.8 -0.7 -2.7 1.43

*No standard error of prediction values were calculated for aggregated
CRD or state results.
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APPENDIXBOOTSTRAP TEST RESULTSfOR SOY8EAN VIELDS INIOWA. I,LINOIS. AND INDIANAUSING A HOMPSON-TYPE MODEL
VIELD (Q/I'i) S.E.STATE CRD VEAR ACTUAL PRED. D RO PRED.--~-~----~-~-------- _______________________ a __________

IOWA 50 1910 24.4 23.3 -1.1 -4.5 1.391971 23.2 22.6 -0.6 -2.6 1.491912 25.1 24.8 -0.3 -1.2 1.381913 24.5 23.6 -0.9 -3.7 1.361914 19.3 23.1 3.8 19.7 1.421975 23.5 23.9 0.4 1.7 1.471916 21.9 23.9 2.0 9.1 1.441917 21.0 23.1 2.1 10.0 1.731918 21.0 26.1 -0.9 -3.3 1.441979 26.9 26.5 -0.4 -1.5 1.44

60 1910 24.5 24.1 -0.4 -1.6 1.391911 24.3 24.0 -0.3 -1.2 1.491912 24.6 ~5.2 0.6 §.4 1.391973 23.4 2.1 -1.3 - .6 .411914 19.9 22.0 2.1 10.6 1.4~1975 24.3 25.1 0.8 3.3 1.461976 22.6 25.3 2.7 11.9 1.431977 26.0 26.1 O.~ g.4. 1.621978 25.5 27.0 1. .~ 1.441919 28.0 28.3 0.3 1.1 1.45

70 1970 21.8 22.1 0.3 1.4 1.39
197~ 2~.6 22.9 1.3 6.0 1.46197 2 .9 24.~ O.~ 0.8 1.361973 21.6 21. -0. -1.4 1.481974 18.9 24.0 5.1 ~7.0 1.4'31915 20.9 22.3 ~.4 6.7 1.521976 ~3:~23.6 .0 14.6 1.421917 23.1 -0.2 -0.9 2.091918 22.8 25.6 2.8 12.3 1.451979 24.7 25.3 0.6 2.4 1.43

80 1910 22.1 19.9 -2.2 -10.0 1.411911 21.0 19.5 -1.5 -7.1 1.441972 22.4 21.7 -0.7 -3.1 1.351973 20.0 18.5 -1.5 -7.5 1.501974 13.6 19.9 6.3 46.3 1.411975 19.4 19.7 0.3 1.5 1.471916 20.2 20.7 0.5 2.5 1.411917 20.2 19.8 -0.4 -2.0 1.781978 20.9 21.8 0.9 4.3 1.431979 22.4 20.9 -1.5 -6.7 1.42
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APPENDIXBOOTSTRAP TEST RESULTSfOR SOYBEAN YIELDS INIOWA, I~LINOIS, AND INDIANAUSING A HOMPSON-TYPE MODEL
YIELD (Q/ri) S.E.STATE CRD YEAR ACTUAL PRED. D RD PRED.-~--~~-------------~-------------------------~--~-----IOWA 90 1970 23.1 21.4 -1.7 -7.4 1.531971 23.7 21.5 -2.2 -9.3 1.491912 24.3 22.3 -2.0 -8.2 1.361913 21.5 20.0 -1.5 -7.0 1.481974 16.8 21.7 4.9 29.2 1.411915 22.6 22.2 -0.4 -1.8 1.47

1916 22.6 23.3 0.7 3.1 1.42971 24.8 23.9 -0.9 -3.6 .501918 23.4 25.0 1.6 6.8 1.441979 26.4 25.1 -1.3 -4.9 1.43

STATE MODEL 1970 21.9 20.6 -1.3 -5.9 1.111971 21.9 19.1 -2.2 -10.0 1.251912 24.2 23.0 -1.2 -5.0 i.111973 22.9 23.4 0.5 2.2 .091974 18.8 21.9 3.1 16.5 1.201975 22.9 20.4 -2.5 -10.9 1.221916 20.8 20.6 -0.2 -1.0 1.241977 23.9 24.3 0.4 1.7 1.691978 25.2 24.8 -0.4 -1.6 1.201919 25.2 25.9 0.1 2.8 1.21

CRDS AGG~. 1970 21.9 21.0 -0.9 -4.11911 21.9 2~.1 -0.8 -3.7191~ 24.~ 2 .0 -1.2 -5.0197 22. 21.5 - .4 -6.11974 18.8 22.3 3.5 18.61975 22.9 22.1 -0.2 -0.91916 20.8 22.6 1.8 8.71911 23.9 23.0 -0.9 -3.81918 25.2 25.4 0.2 0.81919 25.2 25.1 -0.1 -0.4
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APPENDIXBOOTSTRAP TEST RESULTSfOR SOYBEAN YIELDS INIOWA. ILLINOIS. AND INDIANAuSING A THOMPSON-TYPE MODEL
YIELD (Q/I1) S.E.STATE eRO YEAR ACTUAL PRED. D RD PRED.------------------------~---~--------------~----------

ILLINOIS 10 1970 23.4 23.2 -0.2 -0.9 1.201971 23.0 22.4 -0.6 -2.b 1.201972 24.4 24.8 0.4 1.6 1.221973 23.5 22.9 -0.6 -2.6 1.221974 17.0 21.5 4.5 26.5 1.251975 26.4 23.3 -3.1 -11.7 1.301976 22.3 2~.7 -3.6 -2.7 1.331977 27.3 2 .8 - .5 -12.8 1.371978 24.6 24.4 -0.2 -0.8 .371979 28.1 26.5 -1.6 -5.7 1.39

20 1970 21.0 20.9 -0.1 -0.5 1.201971 20.6 21.1 0.5 2.4 .211972 22.0 22.7 0.7 3.2 1.251973 21.4 20.9 -0.5 -2.3 1.221974 17.0 20.5 3.5 20.6 1.231975 25.0 21.9 -3.1 -12.4 1.301976 20.5 21.1 0.6 2.9 1.321977 25.9 21.2 -4.7 -18.1 1.361978 22.2 24.0 1.8 8.1 1.361979 26.8 24.7 -2.1 -7.8 1.39

30 1970 23.1 22.9 -0.2 -0.9 1.241971 24.3 21.5 -2.8 -11.5 1.211972 25.0 22.4 -2.6 -10.4 1.201973 22.0 23.0 1.0 4.5 1.231974 16.6 21.9 5.3 31.9 1.231975 25.0 22.4 -2.6 -10.4 1.301976 23.3 22.7 -0.6 -2.6 1.321977 25.6 23.6 -2.0 -7.8 1.371978 23.6 23.8 0.2 0.8 1.361979 27.1 24.2 -2.9 -10.7 1.37

40 1970 22.7 23.4 0.7 3.~ 1.211971 25.7 23.3 -2.4 -9. 1.211972 26.4 24.3 -2.1 -8.0 1.2~1973 24.8 24.7 -0.1 -0.4 1.21974 16.7 22.4 5.7 34.1 1.24197:5 27.1 25.6 -1.5 -5.5 1.311976 25.1 24.1 -1.0 -4.0 1.321977 28.0 25.5 -2.5 -8.9 1.351978 25.6 26.2 0.6 2.3 1.31 ,
1979 28.1 27.0 -1.1 -3.9 1.37
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APPENDIXBOOTSTRAP TEST RESULTSFOR SOYBEAN YIELDS INIOWA, ILLINOIS, AND INDIANAUSING A THOMPSON-TYPE MODEL
YIELD (a/H) S.E.STATE CRO YEAR ACTUAL PREO. D RD PRED.~------------------~--~--------------------~--~-------

ILLINOIS 50 1970 23.1 22.6 -0.5 -2.2 1.20
1971 25.7 22.7 -3.0 -11.7 1.221972 24.4 23.3 -1.1 -4.5 1.211973 22.7 23.5 0.8 3.5 1.231974 17.6 21.9 4.3 24.4 1.231975 26.4 24.4 -2.0 -7.6 1.311976 23.7 22.4 -~.3 -5.5 1.321971 27.3 24.4 - .9 -10.6 .401978 24.9 25.4 0.5 2.0 1.361979 26.8 27.5 0.7 2.6 1.39

60 1970 21.0 21.4 0.4 1.9 1.211971 23.3 21.3 -2.0 -8.6 1.201972 24.0 22.0 -2.0 -8.3 1.201973 22.0 22.7 0.7 3.2 1.231974 17.8 21.7 3.9 21.9 1.231975 24.3 22.7 -1.6 -6.6 1.301976 23.0 2~.3 -~.7 -7.4 1.321977 26.6 2 .2 - .4 -12.9 1.321978 22.9 23.8 0.9 3.9 1.36
1979 27.5 24.8 -2.7 -9.9 1.37

70 1970 18.3 17.9 -0.4 -2.2 1.20
1971 19.6 18.9 -0.7 -3.6 1.211972 21.7 19.0 -2.7 -12.4 1.201973 18.6 19.8 1.2 6.5 1.221974 15.2 18.1 2.9 19.1 1.23
1975 21.6 20.9 -0.7 -3.2 1.30
1976 22.3 19.4 -2.9 -13.0 1.311977 24.2 20.7 -3.5 -14.5 1.321978 21.9 22.8 0.9 4.1 1.361979 25.1 23.0 -2.1 -8.4· 1.41

80 1970 18.0 16.8 -1.2 -6.7 1.201971 17.2 18.6 1.4 8.1 1.191972 20.0 19.7 -0.3 -1.5 1.201973 17.2 17.8 0.6 3.5 1.241974 15.4 17.7 2.3 14.9 1.221975 21.6 20.0 -1.6 -7.4 1.30
1976 ~7.9 ~9.6 ~.7 9.5 1.321977 3.~ 0.3 - .8 -12.1 .321978 19. 21.4 2.2 11. :> 1.37
1979 23.3 21.2 -2.1 -9.0 1.37
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APPENDIXBOOTSTRAP TEST RESULTSFOR SOYBEAN YIELDS INIOWA, ILLINOIS. AND INDIANAUSING A THOMPSON-TYPE MODEL
YIELD (Q/H) S.E.STATE C~O YEAR ACTUAL PRED. D RJ PRED.------------------------------------------------------

ILLINOIS 90 1910 15.6 15.8 0.2 1.3 1.201971 16.2 11.2 1.0 b.2 1.191972 18.7 18.5 -0.2 -1.~ 1.201913 15.2 16.0 0.8 5. 1.231974 13.9 16.8 2.9 20.9 1.221975 19.0 18.2 -0.8 -4.2 1.301976 18.1 17.1 -0.4 -2.2 1.321917 20.3 19.1 -1.2 -5.9 1.321978 15.1 19.0 3.9 25.8 1.361919 22.0 19.6 -2.4 -10.9 1.38

STATE MODEL 1910 20.8 20.6 -0.2 -1.0 1.101971 22.2 20.4 -1.8 -8.1 1.151972 23.~ ~~:g -1.~ -~.§ I:~~1913 21. o. 2.1974 16.5 20.1 3.6 21.8 1.211975 24.2 22.5 -1.7 -7.0 1.161916 22.2 21.3 -0.9 -4.1 1.181971 25.6 24.2 -1.4 -5.5 1.361918 22.5 23.8 1.3 5.8 1.191919 26.2 25.1 -1.1 -4.2 1.19

CRDS AGGR. 1910 20.8 20.7 -0.1 -0.51911 22.2 20.9 -1.3 -5.91912 23.2 21.9 -1.3 -5.61913 21.2 21.7 0.5 2.41914 16.5 20.4 3.9 23.61915 24.2 22.4 -1.8 -1.41916 22.2 21.2 -~.O -4.51917 25.6 22.5 - .1 -12.11918 22.5 23.6 1.1 4.91919 26.2 24.5 -1.7 -6.5
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APPENDIX800TSTRAP TEST RESULTSFOR SOY8EAN YIELDS INIOWA, IyLINOIS, AND INDIANAUSING A HOMPSON-TYPE MODEL
YIELD (Q/I1) S.E.STATE CRO YEAR ACTUAL PRED. 0 RD PRED.~-~-~-----~-----~-------------------------------------

INDIANA 10 1970 21.7 20.3 -1.4 -6.5 1.171971 22.8 21.5 -1.3 -5.7 1.181972 20.2 21.1 0.9 4.5 1.231973 21.1 21.4 0.3 1.4 1.201974 17.2 19.6 2.4 14.0 1.211975 23.1 20.8 -2.3 -10.0 1.241976 22.3 21.2 -1.~ -4.9 1.261977 25.0 21.2 -3. -15.2 1.291978 22.7 23.0 0.3 1.3 1.331979 25.2 23.9 -1.3 -~.2 1.35

~O 1970 20.7 20.2 -0.5 -2.4 1.161971 21.5 20.0 -1.5 -7.0 1.1'11972 19.6 20.8 1.2 6.1 1.211973 21.3 21.8 0.5 2.3 1.191974 15.9 17.6 1.7 10.7 1.231975 23.8 18.8 -5.0 -21.0 1.291976 22.5 21.0 -1.5 -6.7 1.261977 25.1 20.2 -4.9 -19.5 1.331978 21.6 22.3 0.7 3.2 1.331979 25.6 23.1 -2.5 -9.8 1.34

30 1970 19.9 18.3 -1.6 -8.0 1.1 71971 20.5 17.8 -2.7 -13.2 1.181972 ~~:~ ~9.1 -o.! -0.5 1.211973 1•1 o. 2.'1 1.191974 15.9 16.9 1.0 6.3 1.241975 20.7 17.2 -3.5 -16.9 1.291976 2~.6 ~9.2 -2.4 -11•1 1.261977 2 .5 0.0 -5.5 - 1.6 1.301978 21.2 20.9 -0.3 -1.4 1.331979 24.3 21.9 -2.4 -9.9 1.34

40 1970 21.2 20.2 -1.0 -4.7 1.171971 24.0 20.8 -3.2 -13.3 1.191972 21.6 21.0 -0.6 -2.8 1.201973 22.4 23.1 0.7 3.1 1.201974 15.5 19.3 3.8 ~4.5 1.251975 23.4 21.1 -2.3 -9.~ 1.241976 24.2 20.8 -3.4 -14.0 1.251971 25.0 21.0 -4.0 -16.0 1.461978 24.5 25.0 0.5 2.0 1.341979 24.4 25.1 0.1 2.9 1.44

54



APPENDIXBOOTSTRAP TEST RESULTSfOR SOYBEAN YIELDS INIOWA. ILLINOIS. AND INDIANAUSING A THOMPSON-TYPE MODEL
STATE YIELD (Q/H)

0 RC> S.E.
CRD YEAR ACTUAL PRED. PRED.----------~----------------------------------~--------

INDIANA ::>0 1970 22.1 22.3 0.2 0.9 1.1719"1 24.1 21.1 -3.0 -12.4 1.181972 20.7 21.3 0.6 2.9 1.221973 23.6 24.1 0.5 2.1 1.201974 17.8 20.7 2.9 16.3 1.251975 24.4 22.8 -1.6 -6.6 1.231976 ~4.5 23.3 -~.2 -4.9 l:~~1977 6.7 23.2 - .5 -13.11978 26.3 26.6 0.3 1•1 1.371979 25.5 25.6 0.1 0.4 1.44

60 1970 20.1 19.1 -1.0 -5.0 1.161971 21.2 17.4 -3.8 -17.9 1.181972 18.5 17.8 -0.7 -3.B 1.221973 21.3 20.6 -0.7 -3.3 1.191974 16.9 17.6 0.7 4.1 1.261975 22.2 18.5 -3.7 -16.1 1.231976 21.5 19.1 -2.4 -11.2 1.251977 23.2 18.9 -4.3 -18.5 1.301978 23.5 22.7 -0.8 -3.4- 1.331979 22.5 23.1 0.6 2.7 1.53

70 1970 19.4 19.5 0.1 0.5 1.181971 20.4 20.5 0.1 0.5 1.181972 19.8 20.9 ~.1 5.6 I:~t1973 18.6 20.6 .0 10.81974 ~7.4 16.3 -1.1 -6.3 1.581975 1.3 20.9 -0.4 -1.9 1.241976 22.7 20.6 -2.1 -9.3 1.251917 23.1 22.5 -0.6 -2.6 1.331978 21.6 24.2 2.6 12.0 1.351979 22.1 21.1 -1.0 -4.5 1.62

!:SO 1970 19.3 1d.6 -0.7 -3.6 1.171971 19.2 20.0 O.B 4.2 1.1 71972 17.6 19.9 2.3 13.1 1.191973 16.3 19.8 3.5 21.5 1.221974 16.5 16.4 -0.1 -0.6 1.421975 15.1 18.5 3.4 22.5 1.241976 19.7 19.1 -0.6 -3.0 1.241977 21.1 20.2 -0.9 -4.3 1.341978 20.3 22.7 2.4 11.8 1.351979 19.8 20.4 0.6 3.0 1.48
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APpENDIXBOOTSTRAP TEST RESULTSFOR SOYBEAN YIEbOS INIOWA. ILLINOIS. AN INDIANAUSING A THOMPSON-TYPE MODEL
YIELD (a/H) S.E.

STATE C~O YEAR ACTUAL PRED. D RC> PRED.--------------------------.------~--------------------
INDIANA 90 1910 18.9 19.1 0.2 1.1 1.11

1971 19.1 20.8 1•1 5.b 1.11
1912 16.1 19.2 3.1 19.3 1.19
1913 15.1 19.6 3.9 24.8 1.23
1974 11.3 11.4 0.1 0.6 1.33
1915 11.6 18.1 0.5 2.8 1.23
1916 21.8 19.8 -2.0 -9.2 1.24
1971 22.0 20.1 -1.3 -5.9 1.31
1918 19.7 23.2 3.5 17.8 1.35
1919 19.9 23.0 3.1 15.6 1.37

STATE MODEL 1910 20.8 20.2 -0.6 -~.9 1.08
1971 22.2 20.5 -1.7 -1.1 1.12
1912 19.8 20.0 0.2 1.0 1.15
1913 21.2 22.1 0.9 4.2 1.16
1914 16.8 19.3 2.5 14.9 1.18
1915 22.5 21.2 -1.3 -5.8 1.20
1916 22.9 21.1 -1.8 -7.9 1.17
1911 24.9 23.1 -1.8 -7.2 1.28
1918 23.2 24.3 1.1 4.7 1.19
1919 24.2 26.4 2.2 9.1 1.32

CRDS AGGR. 1970 20.8 20.2 -0.6 -2.9
1911 22.2 20.2 -2.0 -9.0
1972 19.8 20.4 0.6 3.0
1913 21.2 21.9 0.7 3.3
1974 16.8 18.5 1.7 10.1
1975 22.5 20.3 -2.2 -9.8
1916 22.9 21.0 -~.9 -8.3
1977 24.9 2j.2 - .7 -14.9
1978 23.2 2 8 0.6 2.6
1919 24.2 23:6 -0.6 -2.5
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APPENDIXBOOTSTQAP TEST RESULTSfOR SOYBEAN YIELDS INIOWA, ILLINOIS, AND INDIANAUSING A THOMPSON-TYPE MODEL
YIELD (a/H) S.E.STATE C~D YEAR ACTUAL PREO. D RD PREO.-------~------------------~---------------------~-----

REGIONCRDS AGGR. 1970 21.2 20.7 -0.5 -2.4
1971 22.1 20.8 -1.3 -5.9
1972 22.8 21.9 -0.9 -3.9
1973 21.8 21.7 -0.1 -0.51974 17.4 20.8 3.4 19.5
1975 23.4 22.1 -1.3 -5.6
1976 21.8 21.7 -0.1 -0.51977 24.8 22.5 -2.3 -9.3
1978 23.6 24.3 0.7 3.0
1979 25.5 24.6 -0.9 -3.5

STATES AGG~. 1970 21.2 20.5 -0.7 -3.3
I~~~~~:a~O.2 -1.9 -a·e~.9 -0.9 -3.1973 21.8 2 .4 0.6 2.8
1974 17.4 20.6 3.2 18.4
1975 23.4 21.5 -1.9 -a·t1976 21.8 21.0 -0.8 -3.1971 24.8 24.0 -0.8 -3.21918 23.6 24.3 0.1 3.0
1979 25.5 25.1 0.2 0.8

u.S. GOVERNMENT PRINTING OFFICE: 1982- 360-931 :SRS-768
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APPENDIXBOOTSTRAP TEST ~ESULTSfOR SOYBEAN YIEbOS INIOWA. ILLINOIS. AN INDIANAuSING A THOMPSON-TYPE MODEL
YIELD (a/H) S.E.STATE CRl) YEAR ACTUAL PREO. 0 R) PRED.----~-------------------------------------------------

INDIANA 90 1970 18.9 19.1 0.2 1•1 1.17
1971 19.7 20.8 1•1 5.0 1.17
1972 16.1 19.2 3.1 19.3 1.19
1973 15.7 19.6 3.9 24.8 1.23
1974 17.3 17.4 0.1 0.6 1.33
1975 17.6 18.1 0.5 2.8 1.23
1976 21.8 19.8 -2.0 -9.2 1.24
1977 22.0 20.7 -1.3 -5.9 1.31
1978 19.7 23.2 3.5 17.8 1.35
1979 19.9 23.0 3.1 15.6 1.31

STATE MODEL 1970 20.8 20.2 -0.6 -2.9 1.08
1971 22.2 20.5 -1.7 -7.7 1.12
1972 19.8 20.0 0.2 1.0 1.15
1973 21.2 22.1 0.9 4.2 1.16
1974 16.8 19.3 2.5 14.9 1.18
1975 22.5 21.2 -1.3 -5.8 1.20
1976 22.9 21.1 -1.8 -7.9 1.11
1977 24.9 23.1 -1.8 -7.2 1.28
1978 23.2 24.3 1•1 4.7 1.19
1979 24.2 26.4 2.2 9.1 1.32

CRDS AGGR. 1970 20.8 20.2 -0.6 -2.9
1971 22.2 20.2 -2.0 -9.0
1972 19.8 20.4 0.6 3.0
1973 21.2 21.9 0.7 3.3
1974 16.8 18.5 1.7 10.1
1975 22.5 20.3 -2.2 -9.8
1976 22.9 21.0 -~.9 -8.31977 24.9 2~.2 - .7 -14.9
1978 23.2 2 .8 0.6 2.6
1979 24.2 23.6 -0.6 -2.5
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APpENDIXBOOTSTRAP TEST RESULTSfOR SOYBEAN YIELDS INIOWA, ILLINOIS, AND INDIANAUSING A THOMPSON-TYPE MODEL

STATE YIELD (Q/H) S.E.C~D YEAR ACTUAL PRED. 0 RD PRED.------------------~-~-~-~-~-~-------~-~---~-----------
Rf~GION -0.5CROS AGGR. 1970 21.2 20.7 -2.4-

1971 22.1 20.8 -1.3 -5.9
1972 22.8 21.9 -0.9 -3.9
1973 21.8 21.7 -0.1 -0.5
1974 17.4 20.8 3.4 19.5
1975 23.4 22.1 -1.3 -5.b
1976 21.8 21.7 -0.1 -0.5
1977 24.8 22.5 -2.3 -9.3
1978 23.6 24.3 0.7 3.0
1979 25.5 24.6 -0.9 -3.5

STATES AGG~. 1970 21.2 20.5 -0.7 -3.3
I~~~~~:a~o:~ -1.9 -s·e-0.9 -3.
1973 21.8 2~.4 0.6 2.8
1974 17.4 20.6 3.2 18.4-
1975 23.4 21.5 -1.9 -8.+1976 21.8 21.0 -0.8 -3.
1977 24.8 24.0 -0.8 -3.2
1978 23.6 24.3 0.7 3.0
1979 25.5 25.7 0.2 0.8

.;, u.s. GOVERNMENTPRINTING OFFICE: 1982-360-931 :SRS-768
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