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ABSTRACT

A comparison was made among the CFAS crop reporting district (CRD),
agrophysical unit (APU), and state level yleld models for corn and soybeans
in Towa and barley and spring wheat in North Dakota. The best predictions
were made by the state model for North Dakota spring wheat, by the APU models
for North Dakota barley, by the CRD models for Iowa soybeans, and by APU
covariance models for Iowa corn. Because of this lack of consistency of mpdel
performance, CRD models would be recammernxled due to the availability of the
data.
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Comparison of CRD, APU, and State Yield Models for fomrmn

and Soyheans in Iowa and Rarley and Spring Wheat in North Dakota
by Vikki French

REVIFW OF MODELS

The CFAS models are multiple regression models which predict crop ylelds
using meteorological variables based on rmonthly mean temperature and monthly
total precipitation. ™rend terms are sirmulated by plecewise linear and
quadratic functions of year., Models for North Dakota spring wheat and barley
and Iowa corn and soybeans have been developed. Some models were developed
for crop reporting districts (CRDs). Others were developed for agrophysical
units (APs), and still others were developed for the entire state. It is
the intent of this studv to compare CRD, AP, and state models to determine
which models lead to the most accurate prediction of crop vields.

Rarley models for Morth Nakota CRDs and for the state were developed by
Rayrond Motha (1980a). Spring wheat CRD and state models were developed by
Sharon LeMic (19R81), as were the barlev and spring wheat APU models (LeDuc
19R2a), Raymond Motha (1980b) developed the sovhean models for Iowa CRDs and
state and Sharon LeMuc (1980) the corn CRD and state models for Iowa. The

AP corn and soybean models for Iowa were developed by Sharon LeDuc (19R2b).

FVALUATION MFTHODOLOGY
County level meteornlogical data were averaged to produce both CRD and API)
level data. County level productlion and harvested area data were summed to
the (RN and APl level and the yield calculated. Meteorological data were
weighted by harvested area and agpregated to the state level for the state
model, PRootstranp tests were for the vears 1070 to 1979 for barlev, spring
wheat, and sovbeans, and 10971 to 1980 for corn. RN and state models for each

crop used the variables which had been nreviously determined. A separate APl
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model for each APU was used (APUl), A second APU model used a covariance
methodology which required all coefficients to remain the same across the state
so that only the intercepts could vary between APUs (APU2). This second
methodology was documented for the APU corn and sovbeans but not for barley
or spring wheat. These latter mxiels were developed specifically for this

comparison by the model developer (Sharon LeDuc).

COMPARISON MFTHODOLOGY

Comparison was made on the basis of the difference between observed yvields
and the various model predictions for the ten bootstrap test vears. The same
base period was used for all models in computing model-related values for a
particular vear,

Separate yield predictions were made for each (RD and APU (using the APUl
and APT2 models)., A welghted average of the (RD, APUl or APU2 predictions
was used to produce state level predictions. ™he weighting factor used was
harvested hectares. These aggresgated predictions (CRD, APUl, and APU2) could
be compared to the state madel prediction (State).

Te models were campared on the hasis of each of the following indicators
of yield reliability (Wilson et al., 19R0), Order Jdoes not imply relative
importance.

{1Y  the blas,

{2)  the root mean sauare error (RMSE)Y,

{3V the standard Jdeviation (&M,

{4Y the percent of vears the absolute value of the relative Jifference
axceeds ten percent (% RDY,

(5} the largest absolute value of the relative difference { RO )(direction is
{ndicated),

(") the next largest absolute value of the relative (d!fference { R 2V (direction
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is indicated),

(7) the percent of yvears in which the direction of change from the previous
vear in the Y's (estimated ylelds) agrees with the Y's (observed ylelds)
(PC),

(8) the percent of years in which the direction of change from the average
of the previous three years in the Y's agrees with the Y's (DC3), and

(9) the Pearson correlation coefficient between the actual and predicted
ylelds during the independent test years (Corr).

For the indicators (1) - (6), the model with the smallest rnumeric value
1s the best in terms of yield reliability. For the remaining quantities, the
model with the largest value is bhest.

Tt should be remembered that the models were compared only in relation to
one another and not to an absolute standard. Therefore, saying that a
particular model was best does not necessarily imply that the model would be
the best of all possible models. Tt would be the best only of those with
which it was compared.

Recause the models were developed by different people, differences be-
tween the models would not necessarily be due to differences in the stratifi-
cation. Any comparison between models would also be a comparison of model
development techniques. It would be difficult to separate which part of the
difference was due to stratification and which to modelers. Wor the purposes
of this paper, it was assumed that any differences detected would be due to

stratification only.

MODFL COMPARISON
The indicators of yield reliability based on the difference between
observed yields and predicted yvields are shown in Tables 1, 2, 3 and 4. The

observed yields, predicted yields, and differences are in the Appendix. No



Ol{n\-.“ -‘~ {
OF POOR QU"LHY

model 1s clearly better than the others in all cases.

The state model is clearly preferable for spring wheat in North Dakota. Tt
i1s the best model for spring wheat according to all of the indicators except
for the two direction of change indicators, C and DC3. For these two indicators,
the APU covariance models, APU2, would be preferred.

For barley, no model is obviously preferable. The state model would be
preferred using the indicators standard deviation (SD), correlation (Corr), and
!Rﬂ . The CRD models would be preferred using the indicators bias, %RD, and
DC3. The APU1 models would be preferable for the indicators root mean square
error (RMSF), %RD, and | RN 2. ™e state model would he the least preferable in
terms of bias, MSE, and %RD, the CRD models in temms of DC3, and the APU2
models in terms of | RO 2. The APUl models would probably be the best taking
all ot these into consideration.

The CRD models are generallv better for Towa soybeans as indicated by all
but two of the indicators, bias and | R[] 2. The state model fares poorly, the
worst on all indicators except bias, SD, and | RO .

For Iowa corn, the APU covariance models, APU2, would bes recamended on the
basis of "MSF, SD, IR, | RN 2, NC3, and Corr. Again, the state model {s poor,
having the worst indicators on all except bias.

RECOMMENDATIONS

In summary, the state models would be bettzr for North Dakota spring wheat
and the AP'1 models for North Dakota barley. The CRD models would be preferred
for Iowa soybeans and the APU2 models for Iowa corn. This remarkable im-
partiality is not very encouraging for researchers who would like to be able
to recommend one methodology which would be consistently better. CRD and state

data are more readily available than APU) data. Recause of this, with no
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evidence that APU models are consistently better, CRD or state models would be
racommended. The state model, however, was not satisfactory for Iowa corn,
indicating that the CRD models should be the first choice.
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Bias

Corr

Bias

SD
%RD

| R}
| Ry 2

DC3

State
-0.15
1.46
1.46A

State
-1.%0
2.29
1.27
A0
-13.2
-12.7
67
RA

n.94

Indicators of Yield Reliability for Model
Comparison-North Dakota Spring Wheat

CRD
0.58
1.6l
1.53

30

25.3

16.1

78

57
0.72

Indicators of Yield Reliability for Model
Comparison-North Dakota Rarley

CRD
0.14
2.18
2.18

20
34.4
11.5
A7
n

0.A8

Table 1

Table 2
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APU1
0.86
2.62
2.u7
70
27.2
2r.8
67
57
0.63

APU1
0.36
1.44
1.40
20
19.2
10.4
67
R6
0.R9

0.52
1.84
1.77
30
29.7
-13.5
A9
RA
0.66

APU2
-0.23
1.57
1.55
30
15.9
13.1
67
86
0.84



State
Bias 0.13
RMSF 1.78
SD 1.7%
%RD 20
|rg  -17.2
|ri?2 10.0
DC 56A
ne3 Tl
Corr 0.71

State
Bias 0.64
RMSE 8.35
SD 8.33
2RD 12.8
| =l un
| R 2 =22.0
ne 50
nCc3 75
Corr 0.56
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Indicators of Yield Reliability for Model
Comparison-Iowa Scybeans

CRD
0.49
1.09
0.98
10
16.0
4.1
78
100
n.86

APUL
0.37
1.26
1.20
10
20.2
=3.7
67
R6

0.78

Indicators of Yield Reliablity for Model
Comparison-Iowa Corn

CFD
0.77
7.39
7.35
11.3
4o
14.9
50
75
0.61

APU1
2.64
6.52
5.97
8.9
Lo
12.2
4o
AR

0.75

0.40
1.18
1.11
10
15.4
6.3
7R
86

0.81

APU2
1.9
6.47
6.16
9.3
30
-11.0
40
/R

0.75
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Appendix

Observed and Predicted Yields
for Bootstrap Mest Years



OBSERVED AND PREDICTED YIELDS
NORTH DAKQTA SPRING WHEAT - CRD
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N
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YEAR |OBSERVED| PREDICTED 1 D RD
YIELD YIZLD
1970 15.8 19.8 4,0 25.3
1971 2l.4 21.5 Del 0.5
1972 19,4 21+D 2l 10.8
1973 18,5 168.1 =0.% -2.2
1974 13,7 15.9 2e2 16.1
1975 17,4 17.1 -0,3 -1.7
197€ 16,6 16.7 0.1 0.6
1977 16457 16.2 “-liee 3.0
1978 20,1 15,4 -0.7 -3.5
1979 L¥s® 16.9 =0,5 -6,.5
08SERVED AND PREDICTED YIELDS
N RTh DAKOTA SPRING WHEAT - APU
YEAx INBSERVEDI PREDICTED | D RD
YIELD YIELOD

1970 198 20,1 bed 27.2
1571 2l .4 Pu.l 2.7 12.6
1972 19,4 b4 S.0 2S.8
1573 18,5 16,4 2.1 |[=11.4
1574 e 1543 1.6 11.7
1975 17,6 18.7 1.3 Ted
1976 16.6 16,7 0.1 0.6
1977 16,7 15.0 -1.7 |-10.2
1078 20,1 17.5 =2.5 |-12.4
1979 1747 1% -0.1 -0.6




OBSERVED AND PREDICTED YIELDS
NORTH DAKOTA SPRING WHEAT = STATE

YEAR I10BSERVED!I PREDICTED D RD
YIEL YIELD
1570 15.8 18.8 .0 19.0
1971 21.4 21.5 .1 0.5
1972 19,4 19.1 -0.3 -1.5
1973 18,5 1.0 -1.5 | -8.1
1974 13.7 15.5 1.8 13.1
1975 17,4 16.7 -0.7 -4,0
1976 16.6 16.7 0.1 0.6
1977 16.7 15.3 -l.6 -8,4
1978 20,1 18.1 -2.0 }|=-10.0
1979 ¥¥.7 p7. -0.6 -3.4
OBSERVED AND PREDICTED YIELDS
NORTH DAKOTA SPRING WHEAT = APU COV
YEAR |0BSERVED| PREDICTED | D | RD
YIELD YIELD .
1970 15.8 20.5 4,7 | 29.7
1971 21,6 21.2 -0.2 | -0.9
1972 19,4 21l 17 8.8
1973 18,5 16.0 -2.5 |-13.5
197« 13,7 15.1 1.4 10.2
1975 17.4 17.7 0.3 1.7
1976 16,6 17.2 0.6 3.6
1977 16,7 16.2 -0.5 | -3.0
1978 20,1 20.0 -0.1 -0.5
1979 17,7 17.5 -0.2 -1.1




AL PAGE IS
:r' IPOOR QUALITY

0SSERVED AND PREDICTED YIELDS

I0wA SOY3EANS = CRD

YEAR |0BSERVED| PREDICTED | D RD
YIELD YIELD
1970 21,9 21.9 0.0 0.0
1971 el.9 22.8 0.9 4.1
1972 24,2 23.6 -0.6 =2.5
1973 22.9 232 0.3 1.3
1974 18.8 21.8 3.0 16.0
1975 22,9 23.2 De3 1.3
1976 20.8 21+ 0.4 1.9
1977 23.9 23.3 -0.6 -2.5
1978 25+2 26.2 1.0 4,0
1979 25,2 25.4 0.2 0.8
OBSERVED AND PREDICTED YIELDS
IOwa SOYBEANS = APU
YEAR |OBSERVED| PREDICTED | D RD
YIELD YIZLD

1970 21,9 22.0 0.1 0.5
1971 €l,.9 21.7 -0.2 -0.9
1972 24,2 23:3 -0.9 -3.7
1973 22.9 23.4 0.5 r I
1974 18.8 22.6 3.8 20.2
1975 22.9 23.0 0.1 e
1976 20.8 21.1 0.3 lo4
1977 23,9 23.8 -0.1 0.4
1978 es.2 25.0 -0.2 -0.8
1979 25.2 25.5 0.3 1.2
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OBSERVED AND PREDICTED YIELDS
IOWA SOYBEANS =~ STATE

YEAR |OBSERVED! PREDICTED | O I RO
YIELD YIELD
_m
1970 21,9 21.2 -0.7 -3.2
1971 21,9 24,1 2.2 10.0
1972 24,2 24,5 0.3 1.2
1973 22.9 24,6 1.7 Tl
1974 18.8 19.9 l.1 S.9
1975 e2:9v 22.6 -0,3 -l1.3
1976 20,8 19.8 -1,0 -4,.8
1977 23,9 19.8 4,1 |-17.2
1978 85,2 27.0 1.8 D |
1979 S L 25.5 0.3 1.2
-
OBSERVED AND PREDICTED YIELDS
IOwA SOYBEANS - APU cov

YEAR lOBé%gthl PR$?%EBED I D | RD

1970 21,9 22.0 0.1 0.5
1971 21,9 22.6 0.7 3.2
1972 24,2 23.5 -0.7 -2.9
1973 22,9 22.5 0.4 “1.7
1974 18,8 21.7 2.9 15.4
1975 22,9 23.0 0.1 D%
1976 20,8 21.3 0.5 2.4
1977 23,9 22.7 -1.,2 -5.0
1978 25,2 26.8 1.6 6.3
1979 25,2 25.6 (U 1.6
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OBSERVED AND PREDICTED YIELDS
10WA CORN = CRD

YEAR |OBSERVED| PREDICTED 1 D RD
YIELD YIELD
BEXR w0 ) 0.3 Ve |
1972 72.8 66.3 -0.5 -8.9
1973 67.2 68.1 0.9 le3d
197« 50,2 6b.Jd ls.1 el
197% 56,5 Be.9 o lae
1970 57.1 63,9 6.8 11.9
1977 56,0 wb, “T 8 = lu.e
1978 Te.8 7.6 [\ 0.0
197y 19,7 . .9 -9,2
1980 89,0 65, -3.0 -5,2
ORSERVED AND PRZDICTED YIELDS
Iowa CORN = APU
YEAR JOBSERVED! PREDICTED 1 D I D
YIELD YIELD
1971 b, 85,3 1.3 20
1972 72.8 05.9 -0.9 -9.5
1973 67,2 68,0 1.0 1.9
[V 7« 50,2 b0 13.8 1.5
1975 50.5 (SR 6.9 12.2
1970 STl %0 T 103
1977 Se,0 Sw,a Dave 0.7
1978 T8 e P .3 “.b
1979 19,7 Td.3 “-0,% -8,0
1980 69,0 76.1 Ted 10.3
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OBSERVED AND PREDICTED YIELDS
IOWA CORN =« STATE

YEAR |OBSERVED! PREDICTED | D | RD
YIELD YIELD
1971 64,0 66,3 2.3 3.6
1972 72.8 65.2 “T.6 |=10.%
1973 67.2 69.6 2.4 3.6
197« 50,2 68.8 18.6 37.1
1975 56.5 59.3 2.8 S.0
1976 57.1 64,4 Tsd 12.8
1977 S«.0 42.1 -11.9 |=-22.0
1978 (4 - 75.5 3.3 4.6
1979 [ &1 72.0 7.7 -9.7
1980 69.0 65.9 -3.1 -4,5
OBSERVED AND PREDICTED YIELDS
I0wA CORN.- APU COV
YEAR |OBSERVED| PREDICTED | D RD
YIELD YIELD

1971 64,0 65.1 I | 1.7
1972 72.8 64,8 -8,0 |-11.0
1973 67,2 68.0 0.8 1.2
1974 90,2 64,1 13.9 27.7
1975 56.5 62.1 5.6 9.9
1976 ¥ 4 62.4 S.3 9.3
1977 54,0 S6.7 2.7 5.0
1978 12,2 73.5 1.3 1.8
1979 197 T1.7 -8,0 §J-10.0
1980 69.0 76,2 S.2 7.5
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OBSERVED AND PREDICTED YIELDS
NORTH DAKOTA BARLEY - CRD

YEAR |0OBSERVEDI|I PREDICTED 1 D I RO
YIELD YIELD

1970 18,3 20.% 2s1 11.5
1971 24,2 23.4 -0.8 -3.3
1972 2145 22.6 1.1 S.1
1973 19.9 20.8 0.9 4.5
1974 19,41 20.3 5.2 34,4
1975 20,4 19.1 -1.3 -6.4
1976 20,4 19.6 -0.8 | -3.9
1977 210 20.7 -0.,3 -l.4
1978 24,7 22.4 -2.3 -9.3
1979 24,7 22.3 -2.4 -9.7

OBSERVED AND PREDICTED YIELDS
NORTH DAKQTA BARLEY - APU

YEAR |OBSERVED!| PREDICTED | D I RD
YIELD YIELD
1970 18.3 20.2 1.9 10.4
1971 24,2 23.7 -0.5 | -2.1
1972 21,5 21.8 0.3 lo4
1973 19.9 19.5 -0.6 | -2.0
1974 15,1 18.0 2.9 19.2
1975 20,4 21.9 1.5 T.4
1976 20,4 2]1.5 l.1 S5.4
1977 2l.0 19.0 -2.0 | -9.5
1978 2457 23.9 -0.8 -3,2
1979 26,7 24,3 0,4 -1.6
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OBSERVED AND PREDICTED YIELDS

NORTH DAKQTA BARLEY = STATE

YEAR |OBSERVEDI| PREDICTED | D RD
YIELD YIELD
197v 18,3 16.9 1.6 | =7.7
1971 24,2 21.0 -3.2 |-13.2
1972 21.5 19.8 -1.7 | -7.9
1973 19.9 17.9 -2.0 |-10.1
1974 15.1 16.2 1.1 7.3
1975 20,4 17.8 -2.6 |-12.7
1976 20,4 19.8 -0.6 | -2.9
1977 21,0 18.5 -2.5 |-11.9
1978 24,7 21.7 -3.0 |-12.1
1979 26,7 21.6 -3.1 |-12.6
OBSERVED AND PREDICTED YIELDS
NORTH DAKOTA BARLEY - APU COV
YEAR '°B§§E{E°' Png?éfgeo'l D RD
1970 18,3 20.7 2.4 | 13.1
1971 24,2 23.6 -0.6 | -2.5
1972 21,5 20,4 -1.1 | =-5.1
1973 19,9 18.3 -1,6 | -8.0
1974 15,1 17.5 2.4 | 15.9
1975 20,4 21.2 0.8 3.9
1976 20,4 19,7 0.7 | =3.4
1977 21,0 18.8 -2.2 |-10.5
1978 24,7 23.0 1.7 | -6.9
1979 26,7 26.7 0.0 0.0
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