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Comparison of CEAS and Williams-Type Barley Yield Models for North
Dakota and Mimmesota. By Sharon LeDuc, NOAA/EDIS/CEAS, Models Branch,

Columbla, Missouri.

ABSTRACT

The mdels have each been evaluated in separate documents (Barmett,
1981). The mdels are compared based on specified selection criteria which
includes a ten year bootstrap test (1970-1979). Based on this the mdels
were qulte comparable. However, the CEAS model was slightly better
overall. The Williams-type model seemed better for the 1974 estimates.
Because that year spring wheat yleld was particularly low the Willians—type
model should not be excluded from further consideration.

Key words: Model comparison, yleld modeling, linear regression.
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Comparison of CEAS and Williams-Type Barley Models for
North Dakota and Minnesota

by Sharon LeDwe
Review of Models

The CEAS (Motha, 1980) and the Williams-Type (Williams 1975) barley
models are muiltiple regression nmodels which use monthly mean temperature
and monthly total precipitation data as the tasis for developing predictor
variables. The temperature and precipitation are the average for all sta-
tions within a crop reporting district. Information on the mpdels is
available in two pepers: "Evaluation :© CEAS Barley Model in North Dakota
and Mimesota" and "Evaluation of Williams Type Barley Model in North
Dalota and Minnesota" (Barmett, 1981). The Williams-Type model was designed
to parallel the models by Williams (1975) but still be comparsble to the
CEAS models. Trend 1is handled identically in the two models as a linear
and quadratic function of year. The distinguishing differences are the
inclusion of soil texture and topographical variables in the Williams type
model and the subsequent pooling of cross sectional data (the separate crop
reporting districts) in selecting predictor variables and estimating the
coefficients.

Comparison Methodology

Eight Model Characteristics to be Compared

The document, Crop Yield Model Test and Brvaluation Criteria, (Wilson et

al., 1980), states:

The model characteristics to be emphasized in the evaluation process
are: yleld indication reliability, objectivity, consistency with
scientific inowledge, adequacy, timeliness, minimum cost, simplicity,
and accurate current measures of modeled yield reliability.
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The models will be compared using these characteristics; each 1s
discussed individually without regard to the other characteristins, The
present discussion maims no presumption as to the relative importance of
the characteristics.

%titative Model Co isons
sed on the ﬁ Eit:a

Dirsct quantitative comparisons between nmpdels will be made for two of

the previously mentioned criteria: (1) yield indication reliability snd
(2) accurate current measures of mpdeled yleld reliasbility. The quantities
involved are derived from the observed yields and the rpdel predicted
ylelds and standard errors of prediction obtained fram independent
bootstrap tests for each of ten years (1970-1979). The sans base period
i8 used for all models in computing model related values for a particular
year. The average producticn and yleld cver the ten year test peri-d are
listed in Table 1 for each geographic area, Also stown is the percent
production each crop reportirg district (CRD) contributes to its state and
the three state region and the percent prodiction each state contributee
to the region. The percentage of regional production for each CRD is shown
graphically in Figure 1. Darker shades indicate higher productivity.
Separate models are derived for each CRD, state, and the region. Model
related values (predictions and standard errors of prediction) at the
state lavel are also obtained by using a weighte® average of that state's
CRD model values. Model related values for the region are also obtained
using a weighted average of the values fram the CFD mpdels and frar the
state mpdels. The weighting factor used is harvested acreage. Results
obtained by sggregating from the CRD nodels are identified in tables as
"CRD AGGR." Results obtained by agg'egatihg from the state imwdels are
identified as "STATES AGGR."

g s



In addition to the CEAS and Williams-type mdel, the "strawmn" npdel
1s included in Tablen 2-10. 12-14 and in Appendix 1. This mdel type is
described by Sebausjn (1961) and will not be diacussed here.

Mdels Are Ranked According to Performence

Models are ranked for each of the following indicators of yleld reliability
(order des not imply relative importance):

{1) the bias,
(2) the root mean square error (RMSE),
(3) the standard deviation (SD),

(4) the percent of years the absolute value of the relative differenc:
exceeds ten percent,

(5) the largest absolute value of the relative difference,
(6) the next largest gbsolute value of the relative difference,

(7) the percent of years in vhich the direction of change fram the
previous year in the %'s agrees with the Y's.

(8) the percent of years in which the diraction.of charge fram the
average of the previous three years in the Y's agrees with the
Y's, anxi

(9) the Pearson correiation coefficient between the actusl and pre-
dicted ylelds during the independent test years.

Models are a.sc ranked according to the value of the Spearman correlation
coefficient which indicates the utility of the mdel's current measure of
modeled yleld reliability. For mst of the indicators (1-6), the mpdel
with the smllest nueric value exhibits the best performmance in temms of
yield reliability and is given a rank of 1. For the remaining quantities,
the model with the largest value exhibits the most desirable performance.
If mdels are tied for the same level of performance, they are all assigned
the lowest rank for which they &re tied. For example, if two mpdels are
tied for best performance, ther are both assigned a rank of 1, the lower of
ranks 1 and 2.

It should be remenbered that the mpdels are ranked only in relation to each
other and not to an absolute standard. Therefore, saying that a particular
model performs better, is superior to, or mre desirable than another model
does not necessarily imply that the mpdel is the best of all possible
models. It is the best of only those with which it is currently being

compared.,



Models are Compared Using Statistical
Tests Based on d = Y - ¥

It 18 desirable to run a statistical test compamng the reliability of cam-
peting models. A formal statistical test considers the variability of
model performance over time and allows the user to specify an upper limit
on the probabllity of incorrectly declaring one mpdel better than another.
This probability 1s lnown as o, the level of significance, or the Type I
error.

However, because of the mammer in which mdels are chosen for testing and
how they are evaluated, it is challenging to construct a meaningful sta-
tistical test. Only yleld mpdels which have tzen presented in the litera-
ture or developed by known experts are considered, Therefore, a priori,
great differences between the reliability of the models are not expected,
A powerful statistical proced.ure 1s rieeded which is able to detect =mall,
although important, differences in reliability. Also, the test should be
able to finction well with relatively small samples of data for each mpdel,
say ten years.

The test should also perform well when only two models are beirg campered.
Often only two models of a particular type, for example, two monthly
weather data models or two dally weather data nodels, are competitive ard
availlable for testing. When models of different types are to be campared,
it is unlikely that all possible model comparisons will be made. It is
more likely that the best models of eath type will be compared.

It would appear that an F test coulid be useful in camparing the mean square
errus of two mdels. However, if the mean square errors are based on ten
years of test data and & = ,05, then one npdel's mean square error must be
four times larger then anothers before the models can be declared
different. This is an wnreasonable requirement since nodels which are in
the evaluation process will almpst always be more competitive than this.

A test may be constructed by considering that cne model is considered more
relieble than another model if its predicted ylelds, Y's, are closer to the
actual ylelds, Y's. No difference in the reliability of two npdels for a
particular year means that the absolute value of the difference between
their predicted ylelds and the actual yield is the same. The absolute
value of the difference is used because it Jes not matter whether one
model over-estimetes and the other underestimates or whether they both over
or under-estimate. The reliability of a mpdel for that year is related to
the amount of the discrepancy,.not its direction. We may define

la,l = ¥y - Y|, d] =Y, - Y| ,adD=] 4| -|dy] . e
moéels are equally reliable in a year for which D equals zero. If D is not
equal to zero, one model is more reliable than the other for that year. In
formal terms, we want to test the mul: hypothesis that there 1s no dif-
ference in the reliabllity of the models over all years. To d 0 the
values of D from the ten test years may be used to compute a test statistic
and a decleion m . whether or not to reject the null hypothesis. Since
the results for the models are paired each year, paired-sample statistical
vests are used.
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Two types of malred-sample statistical tests are used: a parametric test
using the s' lent t-test statistic and a nonparametric test using the
Wilcoxon s=igned rank test statistic. One reason for applying both tests is
that they require different assumptions. The parametric t-test assumes the
D values are normally distributed while the nomparametric test does not.
The d values may be considered to be approximately normally distributed.
The | d | values would then be folded normals rather than normally
distributed. Although both models are folded at | d|= 0, their means may
be different and the dlstribution of D has a possibility of not being nor-
mally distributed. The t-test is robust with respect to the nommality
assumption; however, thls mssible violation of the assumption is one
reason for also running the non-parametric test.

The other reason for running both tests concerns the conditions wnder which
the mull ! pothesis 1s rejected by each test. Using the parametric test,
the basis for ejecting the mull hypothesis 1s the average size of the D
values as compared to their var’ability. The t-test statistic is the
average of the sample D's divided by the sample standard error o the D's.
The hypothesis will be rejected and the mpdel with the smller| 4| values
declared more reliable if t is large (either positive or negative).
However, it 1s possible that ane model could have a smaller | d| value for
each of the test years, in other words, be very consistent in outperforming
the other mdel, and still the mull hypothesis may not be rejected by the
parametric test unless the average value of D 1s large enough. The vara-
netric test implicitly requires that one model have more years with

| 4 | values smller by a sufficient amunt before that mdel may be

declared more reliable.

Using the nonparametric test, the mull hypothesis will always be rejected
if one mpdel has smaller | d | values for each of the test pears, regardless
of .the megnitude of the D values. Therefore, if the mdels are very car-
petitive in terms of the|d |values each year, but one model consistently,
although slightly, outperforms the other model, the nonparametric test will
still declare the consistent mdel to be more reliable.

The hypothesis of equal model performance will only be rejected by the non—
perametric test if one ;odel has mre years with smaller | d | values than
the other model. The mJdel with iore smaller | d | values 1s considered the
more reliable mpdel in terms of consistency of performance. However, to
reject the mull hypothesis and declare one model clearly better than
anotler, consistency of performance is a necessary, but not a sufficient,
requrement. Consider the situation in which one mpdel is more cons’stent
Chan the other but the largest D values occur when the less consistent
model performs better. In the few years the less consistent mpdel performs
better, it performs mich better. A dilemmn exists since cne model is more
consistent than the cther but the biggest differences between the mdels
occur when the consistent mpGel performs worse. The mull hypothesis will
not te rejected and the consistent mpdel will not be declared better if
this situation occurs. The null hypothesis will be rejected only if one
model is more consistent and the biggest differences between the models
occur when the consistent mpdel performs better.
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MODEL, COMPARLSON

Indicators of Yleld Reliability Based on

ds= ';' - Y Show Williams-type Preferred for CRD Models,

but CEAS Models Better for Agmregated Estimates

The model values and camparative ranks for the bias, the root mean
sqxé.re eri'dr (I@Sﬁ),"and the si:ahdard da;/i-atibh (SD)'are given in Tables
2,3, and 4. Most (all but 4) individual CRD estimates fram the Williams
type model are less hlased than the estimates fram the CEAS models. The
CEAS state mdel estimates and regional cstimates aggregated fram the CRD
estimates are less blased than those fram the Williams type mpdel (Table 2).

The results shown in Table 3 indicate smaller RMSE for eight CRD's with
the Williams-type model, PFlgure 2; for the CRD's aggregated to state or
reglonal values the CEAS model had smaller RMSE. The Williams type model
generally has smller standard deviations than the CEAS models (Table 4).
The CEAS aggregated CRDs had smaller standard deviations for Minnesota and
the region. (ne reason is that the CEAS CRD models are better in ND 30 and
MN 10, both high production areas.

Indicators of Yield Rellability Based on

rd = (4/¥Y* 100 Show Williams Type Slightly Better

for CRD estimates

The model values and comparative ranks for the indicators of yleld
reliability based on the relative difference, rd, are given in Tables 5, 6,
and 7. These hxiicators are valuable for demonstrating the worst perfor-
mance of a model. Therefore, the better performing nodel will have the

smaller value for percentage years when the absolute value of the relative
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difference exceeds ten percent. The largest and the next largest absolute
value of the relative difference should also be as small as possible with
the preferred model. In 6 of the 11 CRD's the Williams type model is
within 10% of the relative difference more often than 1s the CEAS model
(Figure 3). For this attribute the CRD estimates sggregated to state and
regional estimates are better with the CEAS model, Table 5.

With regard to the lar-gest absolute relative difference (Figure U4), the }.
Williams-type model estimates are better in CRD 40 in M‘rnesota and in all
‘of North Dakota (except CFD 90) than the estimates from the CEAS models.
The aggregated CEAS CRD models are better than the aggregated Williams-type
rodels only for Minnesota (Table 6). This is also true with the next
largest absolute relative differences (Figure 5 and Table 7). Only 3 CHDs
show CEAS being better. However, 2 are the higher production areas so the
reglonal aggregation of CEAS CRD models is better. With the CEAS model the
largest relative differences are all positive for North Dakota. The
Williams-type appears better for CRD estimates with the aggregated CRD
estimates revealing no clear preference.

Indicators of Yield Reliability Based on

Direction of Change and Pearson Correlation

Show the Williams-1ype Models Preferable for CRD's but CEAS

Models Better for State and Regional Estimates

Plots of the actual and redicted yileld for both models as well as the
strawman mdel are shown for the state level in Figures 6 and 7. The model
values and the comparative ranks for the indicators of yleld reliability
based on Y and Y are given in Tables 8, 9, and 10. These indicators
demonstrate the correspondence between actual and predicted ylelds. The
better mdel will have the larger percentage of years in which the direction

of change from the previous year and from the aversge of the previous three

13



years in the Y's agrees with the corresponding change in the Y's. The
correlation coefficient between the actual and predicted ylelds will also
be higher.

In terms of cuirrect direction of change from the previous year, as
shown in Table 8 the Williams-type model ranks at least as good as the CEAS
models for all areas except the Mimnesota state wdel and the nort:heast
" crop reporting district (30) of North Dakota. However, for mdels aggre-
gated to the state or regional level, and for the state models, CEAS ranks
better. The better model for each CRD 1s shown in Figure 8.

When the dlrection of change fram the average of the last three years
is considered, the Willlams-type model 1s again better than the CEAS models
for mst individual CRDs (Table 9). However, the state and aggregated
CEAS models are as good as, and in the czse of Mimmesota better than, the .
Williams-type mpdel. The better model for each CRD is indicated in Figure 9.

In all but three of the CRDs the Pearson correlation coefficient is
higher for the Williams-type model (Figure 10 and Table 10). The CEAS
model has a higher correlation coefficient for the Minnesota state mpdel
and for the Mimmesota state estimate derived from aggregation of CRD
estimates. The CEAS CRD models aggregated to the regional level also have
a higher correlation coefficient than the Williams-type models.

Statistical Tests Based on d=Y-Y

Preference for Aggregated CRD Estimate for North Dakota using

CEAS Model

Results of the parametric and nonparametric palred-sample statistical
tests are given in Tables 11, 12 and 13.

14
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The CEAS and Wiillams-~type mpdels are tested against each other with
the paireG t-test; the results are given in Table 11. There 1s a signifi-
cant difference in three of the CRDs. The nonparametric test (Table 11 and
Figure 12) shows a significant difference in four of the CRDs and in the
regional level aggregated fraom CRDs. The Williams-type model is better in
thosr cases where there is a significant difference; the exception is the

.. northwest CFD (10) in Mirnnesota (Figure 12). The CRDs vhere the CEAS model

18 better has higher production than the CRDs where the Williams-type model
is better. The CEAS model 1s also better for the aggregated regional
estimate.

Results camparing each of the mpdels with a linear trend mpdel are
included. The results shown in Table 12 are the basis for camparison of
the Williams-type model and a "strawman" model (Sebaugh, 1980) for barley
yield. The paired t-tests show no significant differences (Figure 13) and
the nonparametric rank test (Figure 14) shows significant differences in
two CRDs with the strawman or linear trend model being better in both
cases.

In comparison of the CEAS model with the "strawnan" model (Table 13 arnd
Figure 15-16), only the CRD estimates aggregated to a state estimate for
North Dakota show any significant difference between the strawman and CEAS
model estimates using either the paired t-test or the nonparametric test.
The CZAS model estimates were better in this case. CEAS models were also
better than the Williams type estimate for this case.

In summary, the CEAS model estimates were significantly better than the
Williams-type model estimates for the aggregated estimate for North Dakota.
In CRDs having significant differences the CEAS model was better in one
higher producing CRD but the Williams-type was better for three lower pro-
ducing CRDs. CEAS was also better for the aggregation to the regional

estimate.
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Models are Equally Objective

The models are entirely objective once the variables have been
selected. The form of the trend variable in both models and the deter-
mination of the testure and topological variables for Williams-type models
are subjectively determined prior to the operational use of the models.
.The selection .of variables.is somewhat more objective for the Williams-type
model since there 1s no screening of variables other than fixed statistical
criteria.

CEAS Models Attempt to Incorporate

Known Physical Relationships if

Statistically Significant

Both models consider basically the same set of meteorological
variables. The Williams-type tries to eliminate the CRD difference through
use of s0il and topological considerations. Meteorological variables are
included if and only if they are statistically significant for a specified
level of significance. The CEAS models apply to individual areas; neigh-
boring areas may incorporate different meteorological variables. The
Will ims-type mpdels use the same variables for all areas and implicitly
assume the response is the same. Both types of models consider the same
variables for trend. The choice of trends was subjective. The deter-
mination of future or present trends is a potential problem. Models do not
detect the influence of extreme climate conditions beyond the range of con-
ditions contained in the developmental data. The impact of short temm con-
ditions (less than a month) that are not relflected in the monthly summay
statistics and the impact of events of shorter time periods cannot be

assessed.
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Models are Adequate

For Some Purposes

Adequacy depends upon the requirements of the mbdel. The models can
provide estimates at the end of each month if coefficients for the
variables for climate conditions prior to the end of that month are
avallable. If these are not available, an aasumption or forecast ot‘ con-
ditions through the rest of the season is necessary. This capability has
not been tested. The requirements for models of these types include a
history of yleld data and chronologically corresponding climate data. For
Williams-type, information on soil type and texture is required. Both
types require background information regarding the calendar of normmal and
anomalous crop development. The size of the area over which the yleld is
to be estimated must correspond to the area used to develop the mdsl. The
model might be adequate for a different area of another size, but that
assumption needs to be confirmed or the model shown to be adequate before
it is used. The mpdels can not assess the impact of abrupt charges in

technology.

’ Timeliness of Models

Estimates can be obtained with the models at the end of the month. How
quickly these are avallable depends directly upon availability of the
monthly temperature and precipitation data. If temperature and precipita-
tion data are derived from the same source as the historic data, yleld
estimates would not be available from the models until one month af ter the
end of the month of interest. Estimates of temperature and precipitation
for these same areas, but derived from a subset of the stations used in the
historic data base, may be used instead. Yield estimates using these data
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can be available about a week af'ter the end of the month. Timing of the
avallability of yleld estimates probably requires use of these substitute
data for most applications. The effect of substituting these data in simi-
lar models has been examined (Sakamoto, et al).

Difference in Cost of

Models 1s Negligible

» . ° - ~ e N -
PRI T ST R I 1 P UL N PR a1 ol R 3 N g g M ITNY

Data requirements and sophistication of sof tware required to implement
the models operationally are insignificant. The Williams-type models do
use observations from mauly CRDs simultaneously; this requires more storage
in the computer than a model for a single CRD which might lead to higher
costs. However, the same model 1s used for each CRD which might also
result in a savings.

Models are Simple Regression Models

Both models are stralghtforward aspplication’ of ordinary least squares
regression models. Specification of the algorithms to calculate some of
the variables is the main complication. These are necessary but once
incorporated into the software should not be any problem. Application
would be difficult on most hand calculators.

Models Have Poor Current

Measure of Modeled Yield Rellability

The Spearman correlation coefficient between the estimate of the stan-
dard error of a predicted yleird from the base period model, Sy, ard the
absolute value of the difference between the predicted and actual yleld, 4,
indicates whether the mpdel provides an accurate current measure of modeled
yileld reliability. It is desirable to have the r value as close to +1 as
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possible, indicating that a narrow confidence interval (a function of 8y)
about the predicted value is assoclated with smaller deviations of the pre-
dicted and actual ylelds. It would be reassuring if the years showing
large deviations were the years when large deviations were expected.
Examination of Table 14 reveals that not only were the values of the
correlation not close to +1, but also they were more of ten negative. The

CEAS model was worse, but neither the CEAS model nor the Williams-type

model was even close to being acceptable.

Conclusions

Models were quite comparable with respect to most of the criteria:
adequacy, timeliness, cost, simplicity and accurate current measures of
modeled yleld reliability. CEAS models are somewhat better with regard to
requiring scientific and physical interpretation of variables selected for
models rather than relying exclusively on statistical significance.
ObjJectivity 1is equal once models are developed. The reliability of the
yield indication i1s somewhat better with the CEAS model in the higher pro-
duction CRDs and in the aggregated estimates. Estimates for individual
CRDs are better with the Williams-type model.

Recommendations

Since mdels were quite comparable the recammendation is difficult.
Although it was believed that CEAS model was slightly better overall to
achieve an aggregated estimate, it 1s recommended that the Williams-type
not be eliminated. Williams-type was better for several CRD's and was
better in 1974, an extremely poor year for yleld (See Appendix 1). These
models are quite similar with respect to imput requirements and the results
of model selection criteria. Further significant improvements are quite
likely going to require additional inputs and/or changes in model form.
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