General Disclaimer

One or more of the Following Statements may affect this Document

e This document has been reproduced from the best copy furnished by the
organizational source. It is being released in the interest of making available as
much information as possible.

e This document may contain data, which exceeds the sheet parameters. It was
furnished in this condition by the organizational source and is the best copy
available.

e This document may contain tone-on-tone or color graphs, charts and/or pictures,
which have been reproduced in black and white.

e This document is paginated as submitted by the original source.

e Portions of this document are not fully legible due to the historical nature of some
of the material. However, it is the best reproduction available from the original
submission.

Produced by the NASA Center for Aerospace Information (CASI)



o E83°10060
AgRISTAI'S o7

T~ PSS /(; 7
| s A Jcint Program for
e interest of early and wide dis: Agriculture and
4 Resources Inventory
Surveys Through

emination of farti Rest yrces b ‘. k.
prosram information and without biabiusg
rogram '

any use made tm‘.

Aerospace
. Remote Sensing
Yield Model Development DECEMBER 1981
EVALUATION OF THE WILLIAMS-TYPE MODEL FOR
EARLEY YIELDS IN NORTH DAKOTA AND MINNESQT A
(E83-10060) EVALUATION OF THE WILLIAMS-TYPE NB3- 14569

MODEL FOR EARLEY YIELDS IN NORTH CAKOTA ANC

MIKNESOTA (NASAH) 50 p HC AO3/MF AOI
CSCL 02C Unclas

G3/43 00060

R R BT ————

RM. 200, FEDERAL BLDG.
600 E. CHERRY ST .
COL.UMBIA, MO 65201

\\\\\\

CToNK)

8

3
i
§

-’
A3

Lyndon B. Johnson Space Center
Houston. Texas 77058




1. Repovt No, YM-U2-04287 ’ 2. Gevernment Accession No. 3. Recipient’s Cataiog No. i :
1SCn18234 Eg ‘j
4. Title snd Subtitie 5, Report Date | :
Evaluation of the Williams-Type Model for Barley Yields in December 1981 I
North Dakota and Minnesota 6. Performing Organization Code n
x
7. Author(s) 8. Perferming Organization Report No, [
T. L, Barnett YMD-1-4-1 (81-12,2) !
10, Work Unit No,
9, Performing Organization Name and Addrass
NASA ’

Rm 200, Federal Bldg. 11, Contract or Grant No,
600 E., Cherry St.
Columbia, MO 65201

13, Type of Report and Period Covered

| 12, Sponsoring Agency Name and Address
po 9 Agency Technical Report

NASA .
JSC/SK 14, Sponscring Agency Code
Houston, TX 77058 SK

15. Supplementary Notes

16, Abstract .
The Williams~type yield model is based on multiple regression analysis of historical time i
series data at CRD level pooled to regional level (groups of similar CRDs). Basic variables |-
considered in the analysis include USDA yield, monthly mean temperature, ronthly precipita— ’
tion,so0il texture and topographic information, and variables derived from these. Technologica.
trend is represented by pieceiwse linear and/or quadratic functions of year. Indicators
of yield reliability obtained from a ten~year bootstrap test (1970-1979) demonstrate that
biases are small and performance based on root mean square error appears to be acceptable
for the intended AgRISTARS large area applications. The model is objective, adequate,
timely, simple, and not costly. It consideres scientific knowledge on a broad scale but
not in detail, and does not provide a good current measure of modeled yield reliability.

This research was conducted as part of the AgRISTARS Yield Modelment Project. It is part
of Task 4 (Subtask 1) in Major Project Element 1.

17. Key Words (Suggested by Author(s)) 18. Distribution Statement
Model evaluation
yield modeling

linear regression

19. Security Classif. (of this report) 20. Security Classif. (of this page) 21, No. of Pages 22, Price®
Unclass. Unclass 49

*For sale by the National Technical Information Service, Springfield, Virginia 22161
JSC Form 1424 (Rev Nov 75)

I -~k - v Cay Y R R T ST LA e o y o - te . i o - N ‘M‘;&\




Evaluation of the Williams-Type Model
for Barley Yields in North Dakota and Minnesota

by

T. L. Barnett

This research was conducted as part of the AgRISTARS Yield
Model Development Project. It 1s part of Task 4 (Subtask 1)
in Major Project Element 1 as identified in the Yield Model
Development Project Implementation Plan dated March, 1981
(-T1-C0618, JSC -~ i&usT).

AgRISTARS
Yield Model Development

Project

YMD ~ 1-4-1 (81-12.2)

f
i
i




EVALUATION CF THE "WILLIAMS-TYFE MODEL" FOR BARLEY YIELDS IN NCRTH DAKOTA AND .
MINNESOTA. By Tom L. Barnett; N.A.S.A., Yield Model Development Center,
Colunbia, Missouri; December 1981.

ABSTRACT

The Williams-type yleld model is based on multiple regression analysis of
historical time serlies data at CRD level pooled to regional level (groups of
similar CRD's). Basic variables considered in the analysis include USDA yield,
monthly mean temperature, monthly precipitation, soll texture and topographic
information, and variables derived from these. Technological .trend i1s repre-
sented by plecewlse linear and/or quadratic finctions of year. Indicators of
yleld reliabil!ty obtalned from a ten~year booctstrap test (1970-1979)
demonstrate tr - blases are small and performance based on root mean square
error appears t be acceptable for the intended AgRISTARS large area
applications. The model 1is objective, adequate, timely, simple, and not costly.
It considers scientific knowledge on a broad scale but not in detall, and does
not provide a gpod current measure of modeled yleld reliability.

Key words: Model evaluation, yleld modeling, linear regression.
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Evaluation of Willliams-Type Model
for Barley Yields in :
North Dakota and Minnesota i

Bumary.
The Williams-type yleld model 1s based on multiple regression analysis ;5
of ‘hist_x)r*ical time series data at CRD level pocled to reglonal level
(groups of similar CRD's). Basic varliables considered in the analysis
include USDA yleld, monthly mean temperature, monthly precipltation, soil
texture and topographlc information, and variables derived from these.
Technological trend is represented by plecewlse linesr and/or quadratic
functions of year. Model performance 1s evaluated on the basis of elght
criteria, reliability, objectivity, consistency with scientific knowledee,
adequacy, timeliness, cost, simpliclty, and accurate current masures of
modeled yield reliability. Ten year bootstrap tests (1970-1979) were run
for each crop reporting district in the major barley producing regions of
North Nakota and Mimnesota. Indicators of yleld reliability obtained fram
a ten-year bootstrap test (1970-1979) demonstrate that blases are small and
performance based on root mean square error 1is generally acceptable for the
intended AgRISTARS large area applications. The model 1s objective,
adequate, timely, simple, and not costly. It considers sclentific
lnowledge on a broad scale but not in detall, and does not provide a good
current measure of modeled yleld reliabllity.

Description of Model

A model for analyzing the effects of weather and soil variable on
Canadian barley ylelds was described by Williams et. al. (G.D.V. Willlams,
M.I. Joynt, P.A. McCormick, Regression Analysis of Canadian Prairie Crop
District Cereal Yields, 1961-1972, in Relation to Weather, Soil, and
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Trend, Can., J. Soil Sei. 55, 43-53, Febrary 1975). The models for
Canadian wehat, barley and rye pooled crop district weather and agronamic
data to ﬁar'ger' soll-color regions and incorporated soll texture and
topographic information along with trend and weather.

A predictive yleld model for barley in North Dakota (ND) and Minnesota
(MN), baszd an' the concepts ocutlined by williams et. al., was
developed and tested by the AgRISTARS Yield Model Development Group. The
model incorporated CRD-level weather (monthly mean temperature and total
precipitation), soil texture, and topography in a manner as similar as
possible to that used by Williams. The CRD-level data were pooled to the
following two more-or-less ervironmentally homogeneous regilons:

(a) Red River Valley (MNRR) - consisting of ND CRD's 30 and 60 and MN
CRD's 10 and 40;

(b) The remainder of North Dakota (NDREM) - consisting of ND CRD's
10,20,40,50,70,80,90.

Separate models were developed for the two reglons to provide predic-
tions of CRD ylelds using individusl CRD weather/soil data with coef-
ficients from the pooled model. Models were also developed for the two
states, ND and MN, based on state-aggregated weather/soil data.

Models were developed on the hasis of data fram 1932 through 1979.

The terms were selected from stepwlse regressions from which the mpst signi-

ficant ten (or fewer) terms were retained for each region. A limit of 10

terms had bfaen used by Williams et, al. and seemed to be a reasonable upper

limit in spplying this method. The basic weather/soil/trend inputs are:
monthly mean temperature;

total monthly precipitation;

percent of solls iIn the CRD in textural
classes~~coarse, medium and fine;

—De



percent of CRD area in the topographic class ‘ .
level to gently wndulating; y

year as surrogate for technological etc. trend;

These basic inputs are used to calculate the possible model variables
Trend 1 (=1 for 1931,..., 3; for 1961; 32 for 1962 and beyond);
Trend 2 (=0.1 for 1931-1961, 1 for 1962,..., 17 for 1979);

Trend 2 squared;

Tx = .75(% fine soll) + .65(% medium =oil) + .35(% coarse soil);

Tx squared;

Top = % of area level to gently wndulating;

Top squared;

C = precipitation September-April;

C squared: '

E5, E6, ET = potential evapotranspiration caluclulated by the
Thornthwaite method (Thornthwaite, C.W., "An
Approach Toward a Rational Classif'ication of Climate,"
Geog. Rev. 38: 55-94, 1948) for May, June, July;

E5, E6, E7 squared;

D6, D7T** = molsture deficits = E - precipitation for June, July;

D5, D6, D7 squared;

Do = seasonal deficit = D5 + D6 + D7 - C;

Do squared;

Tx X Do

*Trend was chosen to correspond to the CEAS barley yleld model ‘Motha,

R.P., Barley Models for North Dakota and Minnesota", NOAA-CEAS, Columbia,

MO, May 1980) to permit more direct comparison. Model fits using TRENDR =

1.0 made no significant differences in yield model predictions.

*%D5 was not used since D5, D6, D7, C and Do are not all mutually
Independent.

Of these possible terms, the stepwlse regression selected 10 terms or fewer

for each region.



Bootstrap tests were conducted to provide ten years of independent
tests of each model's predictive performance in a manner simulating very
closely the way the models are appllied in practice. Appendix 2 shows the
terms Included In each model and the range of coefficlents over ten dif-
ferent but overlapping model base perlods associated with the ten test
years. There are some general 'pattems, but a wide diver'éi‘cy in detall,
'r'eflectipg both real region-to-region variations and vagaries of the
regression process on nolsy data.

Only énd—of—season mdels were tested, although "truncated" models
providing yleld estimates at the end of each month throughout the growing
sSeason were possible. It was felt that meaningful evaluation was difficult
enough when the full-season weather was available.

EVALUATION METHCODOLOGY
Eight Model Characteristics to be Discussed

The document, Crop Yield Model Test and Evaluation Criteria, (Wilson,
et. al., 1980), states:

"The model characteristics to be emphasized

in the evaluation process are: yleld iIndication

reliability, objectivity, consistency with sci-

entific lnowledge, adequacy, timeliness, minimum
costs, simplicity, and accurate curirent measures
of mpdeled yleld reliability."

Each of these characteristics will be disucussed with respect to the
Williams-type model.

Bootstrap Teclnlque Used to Generate
Indicators of Yield Relilability

Indicators of yleld reliability (reviewed below) require that the
parameters of the regression model be computed for a set of data and that a
yleld prediction be made based on that data for a glven "test" year. The
values required to generate indicators of yleld reliability include the

predicted yleld, ‘}, the actual (reported) yield, Y, and the difference bet-
~l
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ween them, 4 = % ~ Y, for each test year. It 1s desirable that the data
used to generate the parameters for the model not include data from the
test year,

In order to accomplish this, the '"bootstrap" technique 1s used. For
each test year, the years from an earlier base period are used to fit the
model and obtain a prediction equation. The values of the independent
variables for the test year are inserted into the equation and a predicted
yleld is generatud. Then, the base period is shifted one year forward and
the process 1s repeated, Continuing in this way, ten (1970-79) predictions
of yleld are obtalned, each independent of the data used to fit the model.

The ;( and d values for the ten year test perlod are obtalned fram
models derived at the crop reporting district (CRD) level and state level,
the latter based on a weighted average of CRD weather to state level. A
second set of ;( values are obtalned at % state level using a welghted
average of predicted ylelds from the CFD models, and at reglonal level
using welghted averages of predicted ylelds from CRD and state models. In
each case the welghtlng factors are harvested acreage for the predicticn
year.

For the Red River Valley region (MN CRD's 10 and 40, ND CRD's 30 and
60) data from 1932-1969 are used to fit predictive models for 1970 data,
from 1932-1970 are used to fit predictlve models for 1971, ete. through
1979. TFor the remainder of North Dakota (ND CRD's 10,20,40,50,70,80 & 90)
data from 1948-1969 are used to fit predictive models for 1971, ete.
through 1979. The rnumber of observations used for the two pooled models
were roughly equlvalent; fewer years were used with the remainder of North
Dakota but more CRD's were lrwolved. This testing procedure closely simu-
lates the way the mdels would be applied iIn practice. Results are listed

in Appendix 1. 5



The average and percent production as well as the average yleld over
the ten year test period are listed in Table 1 for each geographical
region, and percent production 1s displayed in Figure 1.

Review of Indicators of Yield Reliability

The ¥, Y and d values for the ten-year test perlod at each geographic
area may be summarized into‘various indicators of yield reliability.

Indicators Bsased on d Demonstrate
Accuracy, Precision (nd Bias

From the d value, the mean square error (root and relative root mean
square error), the variance (standard deviation and relative standard
deviation), and the bilas (its square and the relative bias) are obtained.

The root mean square error (RMSE) and the standard deviation (SD)
indicate the accuracy and preclsion of the model and are expressed in the
original wnits of measure (quintals/hectare). It 1s about 68 percent pro-
bable that the absoluée value of d for a future year will be less than one
RMSE and 95 percent probakle that it will be less than twice the RMSE. So,
accurate prediction capabllity is indicated by a small RMSE.

A non-zero bias means the nodel 1is, on the ¢éverage, overestimating the
yield (positive blas) or wnderestimating the yield (negative bias). The
1s smaller than the RMSE when there is non-zero blas and Indicates what the
RMSE would be If there were no blas. If the blas is near zero, the SD and
the RMSF will be close in value. An wnblased model, l.e. blas close to
zero, is preferred.

Indicators Based on rd Demonstrate
Worst and Best Performance

The relative difference, rd (1004/Y), is an especlally useful indica-
tor in years where a low actual yleld 1s not predicted accurately. This is
because years with small observed actual ylelds and large differences of ten

have the largest rd values.
G




Several Indlcators are derived vsing relative differences. In order
to caleulate the proportion of years beyond a critical error limit, we
count the number of years In which the absolute value of the relative dif-
ference exceeds the critical limit of 10 percent. Values between 5 and 25
percent were irvestigated and a critical limit of 10 percent was found most
useful in describing model performance. The worst and next to worst per-
formance during the test period are defined as the largest and next to
largest absolute val{zé of the r'ela’civé dif‘ference. The range of yleld
Indication accuracy is defined by the largest and smallest absolute values
of the relative difference.

Indicator Based on Y and ¥ Demonstrate
Correspondence Between Actual and Predicted Yields

Another set of indicators demnstra@es the correspondence between
actual and predicted ylelds. It would be desirable for Increases in actual
yield to be accompanied by increases In predicted yields.' It would alsc be
desirable for large (small) actual ylelds to correspond to large (small)
predicted ylelds.

Two indicators relate the change In direction of actual ylelds to the
corresponding change In predicted ylelds. One looks at change fram the
previous year (nine observations) and the other at change fram the average
of the previous three years (seven observations). A base period of three
years 1s used since a longer base period would further decrease the mumber
of observations, whille a shorter period would not be very different fram
the comparison to a single previous year.

Finally, the Pearson correlation coefficient, r, between the set of
actual and predicted values for the test years 1ls computed. This repre-
sents a measure of how vell deviations in the set of predicted ylelds
correlate to deviations 1ri the set of actual ylelds. It 1s desirable that

-7~
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r(-l< r < + 1) be large and positive. A negative value indicates smaller
predicted ylelds occurring with larger obsemed yields (and vice versa),

Current Measure of Modeled Yield Reliability
Defined by a Correlation Coefficient

One of the model characteristics to be evaluated is 1ts ability tc
.pr'ovide an accur'ate, cur-r'ent measure of rmdeled y:Leld reliability.
Although a specif‘ic statistic was not discussed in the paper, Crop Yield
Model Test and Evaluation Criteria, (Wilson, et. al., 1980), it was stated
that:
"This 'rellability of the reliability' characteristic -
can be evaluated by comparing model generated rellabilty
measures with subsequently determine deviation between
modeled and 'true' yleld."

For regression models, thils suggests the use of a correlation coef-
ficient between two varlables generated for each test year., One varlsble
is an indicator of a precision with which a prediction for the next year
can be made, based on the model development base period and prediction year
independdant variable values. The other varliable (obtained retro-
spectively) 1s an indicator of how close the predicted value for the next
year actually 1s to the "true'" value. The estimate of the standard error
of a predicted value from the base period model as applied in the predic-
tion year 1is used for the first value, sg,, and the absolute value of the
difference between the predicted and actual yield in the test year 1s used
as the second variable, |d|. Since sy incorporates current-year weather
as compared to long-term average, if the relations of yleld to trend and
weather specified In the model are valid the magnitude of sg, should fluc-
tuate in phase withl d| .

A non-parametric (Speama.r.l) correlation coefficlient, r, 1ls employed
since the assumption of bilvarlate normality cannot be made. A positive
value of r(-1 < r < +1) indicates agreement between sy andldl, i.e., a i

-8



smaller (larger) value of sg 1s associated with a smaller (larger) value of
l'd!l . M rvalue close to +1 1is desirable since it indicates that a small
standard error of prediction (and therefore a narrow confidence interval
about the true predicted value) is assoclated with small discrepancles bet-
. ween. predicted and actual  ylelds.. If this were the case, one would have
confidence in using sy as an indicator of the accuracy of Y.

MODEL EVALUATION

Plots of actual and predicted ylelds for MN and ND state level models
are presented in Figures 2 and 3. Results of the ten-year bootstrap tests
on which these evaluations were based are presented in Appendix 1,

Indicators of yield Rellability Based on 4 Show Moderate Blas,

Standard Deviations Ranging from 1.8 to 2.9 Q/Ha,
and RMSE Ranging From 2.3 to 4.2 Q/Ha

The indicators of yleld reliability based on deviations d (d = ¥ - Y)
at CRD, state, and reglon levels are glven in Table 2. Root mean squared
errors are presented in Figure 4.

CRD level blases for ND range from -3.3 to +1.1 Q/Ha, with all but one
value negative. The blases for the MN CRD's are -0.2 and -3.1 Q/Ha. The
Williams-type model seems to be blased overall at CRD level by about -1.4
Q/Ha.

Root Mean Square Errors (RMSE) for ND CRD's range from 2.3 to 4.4 Q/Ha
and for MN from 3.1 to 4.2 @/Ha. State level RMSE values were on the order
of 3.0 @/Ha overall.

tandard Deviation values ranged from 1.8 to 2.9 Q/Ha for ND CRD's
with 2.9 /Ha for both MN CRD's. State and reglonal values ranged fram 2.1
to 2.4 Q/Ha.

Examination of plots of observed and predicted ylelds at state level
in Figures 1 and 3 indicates that in both ND and MN the Williams-type model
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prediction seem to be blased by a consistent negafilve 2 Q/Ha in the years
1975-1979. This may indicate a weakness in the Williams-type model and is
discussed in the CONCLUSIONS section.
Indlicators of Yield Reliability Based on rd Show
that a Large Number of Cases have 50 Percent

or More of Test Years with. rd |
- Greater than 10 Percent

The CRD, state and reglon values for the indicators of yield reliabi-
1ity based on relative difference | rd!are glven in Table 3 and Figures 5,
6, and 7.

Eight of the nine ND CRD's and one of the two MN CRD's show 50 percent
or more of the test years with! rd | greater than 10 percent. State and
regional results show all six cases with JO percent or more of the test
years | rd | greater than 10 percent. These results would seem to indicate
either a la:’gé natural varlabllity in barley ylelds or a low level of model
skills. Both are supported by the plots In Figures 2 and 3. If the model
capabilities could be significantly improved in the years 1975-1979 the
Indicators of yleld reliability would also be much improved.

For ND 1974 was the year with the largest relative differerice in five
of nine CRD's. In three CRD's 1973 was largest, and in one 1976 showed the
largest difference. All 1974 cases represented an inability of the model
to respond to a very low actual yield while the 1973 and 1976 cases repre-
sented inability to respond to a high actual yleld. For MN 1976 and 1977
were the worst years for model performance.

Indicators of Yield Rellabllity Based on &' and Y
Show Moderately Good Correspondence

Between the Direction of Change In Predicted
Yleld Compared to Actual Yield

The predicted and actual ylelds at the state level are plotted in
Figures 2 & 3. The predicted ylelds, actual ylelds, and differences for

CRD level are listed in Appendix 1. The CRD, state, and region level
-10-
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values for indicators of yleld reliability based on actual and predicted
ylelds are glven Table U4 and Figures 8, 9 and 10.

Seven of the nine ND and both MN CRD's show a change of direction of

predicted ylelds from the previous year corresponding to the actual charge
of direction more than 50% of the time. For state and reglonal models the
response direction from the previous year is correct more than 50% of the
time In two of six cases, and from the three year average In all six cases.
These results indicate that the Willlems-type mdel does moderately well in
responding to changes of actual yleld, particularly changes from a three-
year base period.

Results for the correlation coefficlent, r, between predicted and
actual ylelds, representing correlation between fluctuations of predicted
and actual ylelds from test perlod averages, appear fairly good. Of the
eleven CRD's six show r greater than 0.55 (the level required for
one-talled statistical significance). The score for state and reglonal
models 1s all six greater than 0.55. While the directional resronse capa-~
bilitles of the model show some relliabllity, 1t should be kept in mind that
r measures primarily correctness in direction of response. While response
directlon seems to be good, a glance at Figures 2 and 3, and at RMSE levels
in Table 2, indicates that the Willlams-type model leaves much to be
desired in the correctness of magnitude in the responses.

Base Perlod Indicates More Preclsion Than
Independent Tests Can Confirm

Certain statistics generated from the regression analysis of the base
period data are often used to provide some iIndication of expected yleld
reliability. However, these statistics only reflect how well the model
describes the data used to generate the model, 1l.e., fit of the model,

rather than how well the model can predict glven new data. Therefore, it

~11-
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1s important to compare these indicators of fit of the model to the inde-
pendent indicators of yleld reliability discussed in the preceding
sections. In thls 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 yleld rellability, the mean square error (MSE) , 1s
the sum of squared d values (4 = EE - ¥) for the independent test years
divided by the number of test years (Table 2). The direct analogue for
the model development base period i1s the residual mean square. The resi-
dual mean square 1s obtalned by first generating the usual least squares
predlction equation using the base period years. The residual mean square
1s the sum of squared d values for these base period years divided by the
appropriate degrees of freedom (number of base period years mirms 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 period corresponding to an
individual test year.

High, low, and average values of residual mean square for CRD and
state models are glven In Table 5, along with the mean square error over
the test years for each. The MSE over the independent test years rarges
from 2.0 to 8.7 times the corresponding average residual mean square error.

Another indlcator of yleld reliability is the correlation coefficient,
r, betwgen the observed and predicted ylelds for the independent test years
(Table 4). It is desirable for r to be close to +1, even though 1t can be
negative. The analogue for the model developirent base period 1s the square

root of RQ, the coefficlent of multiple determination. The square root of
R2, R (0 2R 2 1), may be interpreted as the correlation between observed

~10-
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and predicted values for the base period years. The low, high, and average
values of R for each geographic area are given in Table 6, along with the
Pearson correlation coefficient values from Table 4,

Average correlation coefficlents over tle base period (model develop-
ment years) range from .93 to .97, indicating the model 1s doing a very
" good job of fitting the development data. The correlation coefficients
over the independent test years range from a low of .47 and to a high of
.85. The r value over the Independent test years 1s generally only about
two-thirds the average R for the model development years. Clearly the
Williams type model does not respond as well In a predictive mod as in a
fitting nmode. The values of R for model development years do not provide
an effective indication of ‘ché predictive abilities of the model.

Model 1s Reasonably ObJjective

The Williams-type model 1is redeveloped (i.e., values of coefficients
are re~derived) for each test year, based on avallable years prior to it.
Once the proper terms have been selected and fixed, development and appli-
cation of the mpdel 1s quite objective. Some subjectivity 1s required for
initially selecting the "most significant" terms, in specifying trend, par-
ticularly break points, in specifying textural and topographic data, and in
choice of development years.

Model Consider. Known Scientific
Relationships on a Broad Scale

Large-area crop ylelds are kno;m to be related to weather over the
growing season, to pre-season stored soil molsture, and to a varlety of
other weather and agronomic factors. The detalls of the mathematical rela-
tionships that describe these physical and bilological relationships are far
from established. Even the proper set of variables 1s open to question

because there are only a few readlly avallable observables and the
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variables formed from these tend to be highly interrelated. ILarge-area
relatlonships are further confused by geographical variations ir the obser-
vables that may or may not be importewt for any given situation.

In light of these problems a practical approach was used consisting of
statistical regression of observed ylelds to variables based on nonthly
weather data pooled to regional level,  Technological impacts were repre-
sented as a funution of historical years (trend), and a policy of refitting
for each predictive year based on all available prior years was followed.
Thus the Willams-type model is susceptible to criticism in regard to
agreement with sclentific knowledge in many respects. A few of the more
important are noted below.

Selectlion of model terms 1s by stepwlse regression. This guarantees
only the set of terms "best" by some statistical criterion. Physieal or
blological significance is not ensured. It seems unlikely that the wide
varlety of "significant" terms represented in Appendix 2 for different
models has a great deal of physical meaning. Of particular note are the
textural and topographlc terms found by Willi=zms to be very important in
his large Canadian reglons. One would expect these terms to show up in the
NDREM region (ND CRD's 10,20,40,50, 70,80,90) since the'e 1s a great deal
of variation over these regions, whereas the MNRR region (MN CRD's 10,40,
ND CRD's 30,60) is quite homogeneous. Appsndix 2 shows that TX and TOP
appear only in the MNRR model and TXDS appears in only the ND state model.
The terms appear to be functioning mainly as artificial variables that;, hap-
pen in one case to be more s@ificant than another. Little or no physical
significance can be attached to them. The selection criteria in general

have not been documented.

-14-
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Trends in technology and cropping practices are handled in the Williams-
type model by representing them as plecewlse linear and/or quadratic fune-
tions of time. This glosses over the known qualitative relationship of
yleld to varlety improvament, fertilizer use, ete., but represents a prac-
tical way of treating the situation vhere it is unclear which effects are
most important and where information is limited. Following Williams' origi-
nal approach, single trends were specified for the pooled sets, clearly an
oversimplification. An assumption of pooling is that the inherent fer-
tility of the pooled areas 1s the same (common intercept) for equivalent
weather and soll types. Inclusion of textural and topographic variables,
parameters known to have a real effect, were Intended to modify trend in
different parts of the region. However, In view of the way they actually
entered the models, they dld not funetion in this manner.

The Willlams type model takes no explicit account ~f pests, disease,
or other eplsodic events,

Model ls Adequate Only for the Region
in Which It Was Developed

By 1ts nature the Willlams-type model can be applied with any degree
of reliability only in the region for which 1t was developed. The model is
probably not extendable even to apparently similar regions. The model can,
however, be readily applied to any region for which a reasonable lengthy
record of yleld, soll and weather observations exist.

The Williams-type model may have an advantage over regression-type
models developed at the smallest avallable regions (here CRD's) in the case
of short data records. Pooling provides a larger data set for the deter-
mination of significant terms and coefficients while still glving yleld
predictions at the small region level.
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UAL
of POOR Model is Timely Fnough for
Intended Applications

A yleld model for a new year can be built as soon as the reliable
yield and weather variable figures from the past year are available, in the
U.S. generally a few months after harvest. Yield predictions during an
app}icgt;:ion year can be made shortly after the end of each month.

Model 1s Not Costly

Data to develop and run the Willlams~type model are readily available
at low cost. The multiple regressions needed to compute the meteorological
and agronomic varlables and develop models can be run on any modest size
computer. Routines are available In most computer libraries.

Model in Simple

The development and spplication of the Williams-type m:del are
straightforward. The only points vhere judgement 1s required are in selec-
tion of slgnificant terms and specification of trend, selection of soils
variably, and specifylng the capacity of the soll moisture budget.

Model Has Poor Current Measure of
Modeled Yield Reliability

The CRD, state, and region values of the correlation coefficient bet-
ween the estimate of the standard error of the predicted yield values and
the aboslute differences between predicted and actual yleld are presented
in Table 7 and Figure 11. The results are very poor. In eight of thirfeen
cases the correlation 1s negative. State nodels show negative r. It is
clear from the Spearman correlation coefficient that the base perind pre-
dicted accuracy and actual test year accuracy are not in close agreement
and thus the model does not glve a useful current measure of mdeled yleld
reliability.

~16~
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The Williams-type model represents an approach irvolving pooling of
CHD level data to derive a model for CRD's within that region. This provi-
des a good deal more data for a regression at the regional level but may
gloss over any CRD to CRD dif'fer'ences. There “ore the appr'oach s a compr'o-
rnise 1n pr'inciple and 1’cs validity in pract:!ce can only be evaluated by
testing. The data bases rom=ist of observed ylelds, soll characteristics,
and monthly mean temerature and total precipitation. Indicators of yleld
reliability obtalned from bootstrap testing are used as a basis for eva-
luating model performance. Over the set of ten test years the model is
reasonably rellable on-average. Bilases are not large but seem to be
slightly on the negative slde. Root mean square errors over the ten test
years are in the range of 3 @/Ha, somewhat larger than one would prefer but
appear reasonable for the Intended AgRISTARS large area applications.

The Williams-type model does not consistently predict high and low ylelds
very rellably, and for any glven year the actual error may he appreciably
larger than the RMSE value across the 10 years. The model does not glve a
good current measure of yleld reliability. However, it is objective, ade-
quate for intended purposes, timely, simple, not custly, and mekes a
practical attempt at Incorporating sclentific knowledge.

Many general areas of needed improvement could be clted. The most
obvious specifilc area 1s to determine why the Willlams-type model seems to
be consistently biased low in ND and/or from 1975 thru 1979, Elimination
of this problem would appreciably improve RMSE and probably other indica-
tors as well. A fit made with the TREND2SQ term removed, leaving linear
trend segments 1931-1961 and 1962-1979, gave predicted ylelds coinciding
almost exactly with actual ylelds In 1975-1979 but with mxh poorer perfor-
mancé in 1979-1974., Across the ten year test period the RMSE for this

~17-
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altermative model fit was slightly worse than that for the original

Williams-type model. Clearly, the fix is not suwch a simple adjustment.
Another area that should be investigated 1s why the textural and

topograpnic variables enter In one case and not another. There 1s, for

this reason, some question as to what these two varliables really contribute.
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Flgure 2 *
Actual and Predicted Yields
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Figure 3 OF POOR QUALITY
Actual and Predicted Yields
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