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Comparison of CEAS and Williams-type Models for Spring Wheat Yields in
North Dakota and Minnesota. By Tom L. Barnett; N.A.S.A., Yield Model
Development Center, Columbia, Missouri; March, 1982, ,

ABSTRACT

The CEAS and Williams-type yleld modeis are both based on miltiple
regression analysis of historical time serins data at CRD level. The CEAS
model develops a separate relation for each CRD; the Willtiams-type model
pools CRD data to regional level (groups of similar CRDs). Basic variables
considered in the analyses are USDA yield, monthly mean temperature,
monthly precipitation, and rariables derived from these. The Williams-type
model also used soll textuie and topographic information. Technological
trend 1s represented in both by plecewise linear functions of year.
Indicators of yleld reliability obtained from a ten-year bootstrap test of
each model (1970-1979)) demonstrate that the models are very similar in
performance in all respects. Both models are about equally objective,
adequate, timely, simple, and inexpensive. Both consider scientific
knowledge on a broad scale but not in detail. Neither provides a good
current measure of modeled yleld reliability. The CEAS model is considered
very slightly preferable for AgRISTARS applications.

Key words: Model evaluation, yield modeling, linear regression.
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Comparison of CEAS and Williams-type
Spring Wheat Yield Models for North Dakota and Minnesota

Summary of Conclusions snd Recomméiidations |

'nixe CEAS yield modelz !"c;v spring wheat 1s more accurate, more precise,
and more responsive to actual yleld variations than is the Williams-type
model by a small but consistent factor. This advantage holds for CRD,
state, and regional yleld estimatss, The models appear to be equally
obJective, adequate, timely, inexpensive, and simple., Both incorporate
sclentific knowledge on a broad scale to about the same degree. Neither
provides a useful cuﬁrenb éstimate of modeled yield reliability. The CEAS
yieid model, appears to be the most appropriate model for use in the
ASRISTARS Fiscal Year 81 Pilot Tests for spring wheat in North Dalofa and
Minnesota,

X

Applications Description

Testing and evaluation of candidate ¢rop yleld models for use with par-
ticular crops in particuldar geographical regions are major tasks vd_.ch;.n the
7ield Model Developmeht Pmdec‘t of the AgRISTARS Program. A ‘M)docuineqt:
(W. W. Wilson, T. L. Bamett, S. K. LeDuc, F. B, Warren, "Crop Yield
ProJecﬁ, Document YD = 1 = 1 - 2 (80.-2.1) establishes a common rét‘evence
for describing yleld moiel performance and ariteria for evaluation.

Two yleld models for spring wheat were avaluated and c‘ompar'ed,. The
first, the CEAS Model, was developed by the Center for Environmental |
Assessnient éezv‘iées (CEAS), and NOAA senter in Columbia, Missouri, (LeDuc,
S.K.). The second, the Williams-type Model, was developed by the Yield

s s s SRS W

e T
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Model Development Oroup at Columola, Missouri based on an analytical mndel
for Canadian cereal grains. described by G. D, V. Williams (G. D, V.
Williams, M. I. Joynt, P. A. McCormick, "Regrassion Analysis of Canadian
Prairie Crop-District Cereal Yields, 1961-1972, in Relation to Weather,
Soil, and Trend, "Can. J. Soil Sei, 55: Feb. 1975).

These two predict:ivé mdels were evaluated accopding to the above men-
tioned criteria for potential applicability in the AgRISTARS Fiscal Year 81
Pilot Tests on spring wheat in North Dakota and Minnesota. Results of the
individual model tests are described in the forthcoming YMD documents
"Evaluation of the CEAS Peend and Monthly Weather Data Modals for Spring
Wheat Yields in North Dakota and Minnesota" and "Evaluation of
Williams-Tyre Spring Wheat Model in North Dakota and Minnesota.” The
current document compares the results of performance tests on the two
models and makes recommendations as to which model is best suited for
current AgRISTARS Pilot Test needs.

Review of Models
CEAS MODEL

t:amperature and total precipitation at the Crop Repavting District (CRD)
2vel, A wide variety of possible weather=-pelatad variables ,’ such cumulh-
tive precipitation from the préviouéééptember, monthty tempevat:ﬁm and
pracipitation departures from normal, and evapotrmspiration (potential,
actaa.l and "climatically appropriacn") were formed from the basic inputs.

Te ands, accounting for general improvements In technology over the years,
were Jefined,

i R e
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Linear functions of the ysar numbsr ars used as surrogates for tech-
nolagy in all mdels. The singls trend term for All of the Niuiesota
modals allows a linear increase in yleld hetwesn 1955 and 1978.
Contributions to yiseld fromn technology are considered for possible inclu-
sion in the North Dakota models. One illows a linear increase in yleld
bet'veen 1955 and 1966, the next a linear increase between 1966 and 1973,
and the last a linear increase from 1973 on. The first trend term, between
1955 and 1966, is included in all of the North Dakota models. The second
term, between 1966 and 1973, 1s included only in the :m)del forr ND CRD 90,
The third trend term is not included in any model. The contribution to-
yisld from tacinology is considered nil for any time period not covered by
an included trevid term,

The general form of the CEAS yleld model was:

T4 = a + b TREDLy + b’ TREND2; + b" TREND3s * 0 o "y

whera:
’li = egtimate of yield for i-th year
a = intercepf (constant; tarm)
b 5'b" = linear trend coefficlents
Sk = slope coefficlent assoclated with the kk-th weather term
Wie = Keth weather term for the l-th year

in developing the models for each CRD (MM CRD's 40 and 40, ND CRD's 10
through 90) and state (MNV and !MD) stepwise multiple regrassions were run to
axanine the possible variebles and selact the statistically most sipifi-
cant set of several trend and weather terms on the basis of years

1332-1978 for WD and 1936-1978 for M. A zertaln amount of judgement was

e g
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used o eli.mi.nata tarms obviously in conflict with scientific knowladge
(@80, when a cosfficient was strongly negative whers 1t should be
positive) or to include important terms even if they were not statistically

simnificant, Model terms and ranges of coefficients over the ten tsst
years ars given in the CEAS spring wheat model svaluation document
refaorenced above,

WILLIAMS-TYPE MODEL

R VAT 4B WO

In the models for Canadian wheat developed by 3. D. V. Williams, barley
and rye crop district weather and agroriomic data were pooled to larger soil
solor regions., Soil texture and topographic information were incorporated 2}
along with trend and weathen. A predictive yield model for barley in North
Dakota (ND) and Minnesota, (M) based on the concepts outlined by Williams
23, al,, was developed and testad by the AgRISTARS Yield Model Development
SGroup., The model incorporated CRD=lavel weather (monthly mean temperature
and total precipization), soil taxture and topography in a manner similar
to that used by Williams. The CRD=level data were ponled to the following
LW more-Or-lass environmentally houbseneoua regions:

(a) Red River Vallay (MRR)-consisting of ND CRD's 30 and 60 and MN

CRD's 10 and 40; .
{9) Te remainder of North Dalwta (NDREM)-consisting of ND CRD's 10,
20, 40, 50, 70, 80, and 90,

Separate mde_ls¢ were developed for the two rezions to provide predictions
of CRD ylelds using individual ORD weather/soil data with coefficients Crom
the pooled model., Models were also developed for the two states, ND und
W, hased on state-aggregated weather/soll data,
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Models were developed on the basis of data from 1932 through 1979. The
terms wera selectad from stepwise regresslons from which the fmst sigmifi-
cant tan (or fewer) terms were retained for each region. A limit of 10
terms had been used by Williams gt. al. and seemed to be a !reasonable upper
linit in applying this method. The hasic watheb/soil/trend inpu“s were
monthly mean temperature; total monthly precipitation; percent of soils in
the CRD in textural classes-coarse, mediun and fine; percent of CRD area in
the topographic classes-lavel to gently undulating; and year as surrogate
for technological trend. These inputs were used to calculate the possible

model variables,

Trend as defined for CEAS model

Tx = ,75x(%find soil) + ,65X (%medium soil) + .35X(%coarse soil);

Tx squared

Top = % of area laevel to gently undulating;

Top squared; f ‘

¢ = precipitation Saptember-April;

C squared;

55, Eb, ET = potentlal evapotranspiration calculated by the
Thornthwalse method (1948) for May, June, July;

D6, DT* = moisture deficits » E - precipitation for June, July;

D%, D6, DT squared;

D0 = geasonal deficit = D5 + D6 + D7 - C;

DO squarad;

Tx X Do

*05 was not used since DS, D6, D7, C, and Do are not all matually independent.

0f these possible terms, the stapwlse regression s’yelec; r2d ten or fawep
tarms for sach reglon. The tarms Judged to be statistically signileant

and the ranges of coefficients ovar the ten tast years are presented iIn the

Williams-type spring wheat avaluation report referenced above,

i
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COMPARISON METHODOLOGY
'Eight Model Characteristics to be Corrpared

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

"The model characteristics to be emphasized in the
evaluation process are: yleld indication reliability,
objectivity, consistency with scientific knowledge,
adequacy, timeliness, minimum cost, simplicity, and
accurate current measures of modeled yield reliability.”

The models will be compared using these characteristics.’ Each charace
teristic is discussed individually without regard to the other
characteristics. The present discussion makes no presumption as to the
pelative importance of the charactaristics. |

Quantitative Model Comparieons
Are Based on the Same Tata

Direct quantitative comparison between rodels are made for two of the
critaria, Yield Indication Reliabilif.y and Accurate Current Measures of
Yodelad Yield Reliability. The quantities involved are derived from the
observed yieldaﬂ and standard errors of prediction obtalned from independent

tstf-é.p tagt for each of ten years (1970-1979). ’ The same base period is
used for all models in computing model-related values for a particulér year.,

The average production and yleld over the ten year test period are
liqte:l in Table 1 for each geographic area, along with the percent produc-
c1::én each crop reporting district (CRD) contributes L% its state and the
t:-vd, state region and the percent production each state contt'ibute’s to the
reg%ion. The percentage of regional production for each CRD is shown
graphically in Figure 1. In all the figures, darker shades indicate higher

productivity.

-6
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Separate yield predictions are made for each CRD, state, and for t:§he

regions., Yie_ld predictions and standard ereors of prediction at f:fie state
level ace also obtained by using a welghted average of that state's CRD
model values, and yield values for the reglon are obtalned using a weighted
a.verage‘lot‘; the values from the CRD models and Crom the state models. 'l'he ”
weighting factor used is harvested acreage. Results obtained by agRre=
gating from the CRD models are ldentified in tables as "CRD aggr." results
obtained by agaregating from the state models ara identified as "states

aggr."
Models Are Ranked According to Performance

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

(1) the bias,

{(2) the root mean square error (RMSRE),

(3) the standard deviation (sD),

(4) the percent of years the absolute value of me relative difference
exceeds tan percent,

(5) the largest absolute value of the relative difference,
(8) the next largest absolute value of the relative difference.

(7) the perzent of years %n which the dirsction of thange from the
pravious year in the I's a.grﬂes with the ¥'s.

(3) the percent of years -in which the direction ¢f change from the
average of the previous three yea.vs in the Y's agrees with the
Y's, ard

(9) the Peaarson correlation coefficlent between the actual and pre-
dicted ylelds during the independent tast years.
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Models are also ranked according to the value of the Spearman cobreia-

tion co-efficlent which indicates the utility of the imodel's curreant
mensure of mdeled yield reliability. For the indicatior (1) - (6), the
nodel with the smallest numeric value exhibits the best performance in
terms of yleld reliability and is given a rank of 1. For the remaining
quantities, the mdel with the largest value exhibits the mst desirable
performance, If models are tied for the same level of pecformance, they

are all ‘éjéig\ed the lowest rank for which they are tied, For example, if

two models are tied f“or best performance, they are both assigned a rank of

1, the lower of ranks 1 and 2,

Tt should he remembered that t:he:mdels are rénked only in relation to
each other and not to an absolute sténdar.d. Therefore, saying that a par-
ticular model pér'f‘om best or is superior to or more desj.rable than
another model does not necessarily imply that the model is the best of all
posaihle models. It is the best of only those with which 1% is currently

being compared,

Yodels are Compared Using étatist_ical g
'Es‘ts. Basedon D =t -

It 1s desirable to run a statistical test comparing the reliability of

.

competins‘rmdels. A formal statistiéal tast considers the variability of
nodel performance over tine and allows the user to specify an upper limic
on the probabllity of incorrectly declaring one model better than another.
This probability is known as =, the level of significance, or the Type I
arror’. However, because the models are similar, a powerful statistical
procedura 1is needed'ﬁhich 1s able to detect small, although lmportant, dif-
ferences in reliability. Also, the tast should be able to function well

with relatively small samples of data for each model, say ten years.

.




ORIGINAL PAGE 18
OF POOR QUALITY

The tast should also perform well »hen only two models Vak'e being;
comparad, Often only two models of a particular type, ;rqv example, two
monthly weather data models or two dally weather data models, are com-
petit‘ivé'and available for testing. When mdels of different types are to
be compared, it is unlikely that all possivble model comparisons will be |
made, 1t is mre likely that the hest models of each type will be
compared., v

It woull appear that an F test could be useful in comparing the mean
square eprors of two models, However, if the mean square errors are based
nn ten years of test .data and ~ = 05, ‘then one mdel's mean square error
must be four times larger than another's before the models can be daclared
difrérent. This is an unreasonable requirement since models which are in
the evaluation process will almost always be more competitive than this.

A ’cvest may be consﬁructed by c.onsidéring that one model is considered
more reliable than another model if its predicted ylelds, "f's, are closer
to the actual yields, Y's. No difference in the reliability of two models
for a particular year means that the absolute value of the difference bet-
‘wem their ‘predicted ylelds and the actual yield is the same., The -absolute
valué of the difference is used because it does not matter whether one »
model overestimates and the other underestimatzs or whether they both :ovet‘
or undevestimats. The reliability of a model for that gear 1is related to
the vamj)un‘t of the discrepancy, not its«-»direction; ';Je may define
|3y | =¥ =9|,]df=|¥-¢],andD=|d;|-|dp|. Then the mdels are
equally reliable in a year for which D equals zero. If D is not equal to

zerd, one model is more rellable than the other for that year. In formal

SR ——
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teras, we want to test the nul) hypothesis that there is no difference in
the raliability of the models over all years. To do 50 the values of D
from the ten test'years may be used to computa a cesb;stablscic and a deci-
gion made whether or not to reject the hull hypothesis. Since the results
for the models are paired each year, paived-sample statistical tests are
used. | f -

Two types of palred-sample statistical tests are used: a parametric
test usiﬁg the student "t" test statistic and a nonparametric test using °
the Wileoxen signed rank test statistic. One reason for applylng hoth
tests 1s that they reqhire different assumptions. The parametric t-test
assumes the D values a;a normally distributed whila the nonparametric test
does not. The] d | values may be considered to be approximately normally
distributed. The| d| values would then be folded normals rather than nor-
mally disteibuted.’ Although both models are folded at | d| - 0, their means
may be different and the distribution of D has a possibility of not being‘
normally distributed. The t-test is robust with respect to the normality
assumption; however, this possible violation of the assumption is one
reason for also running the nonparametric test. "

Thé other reason for running both tests concems the conditlons under
which the null hypéthesis is rejected by each test., 'sing the parametric
tast, the basis for rejecting the null aypothesis is Fhe avarage size of .
the D values as compared to thelr variabllity. The é-test statistic is the
average of the sémplg standard error of the D's. The hypothesis will be |
rejeéted and the model with the smaller | d | values declared more reliéblé

1¢ t is large {either positive or negative). Howaver, it is possible that

«lQ=
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one model could have a smaller | d | value for each of the test years, in
other words, he very consistent in outperforming the other mdeL » and still
the null hypothesis may not be rejected by the parametric eeéi‘. &\less the
average value of D is large enough. The parametric test implicitly
pequires that one model have more years with smaller | d | values than the
other model and explicitly requires that, on the average, the | d | varies by
a sufficient amunt before that model may he declared more reliable,

The hypothesis of equal model performance will only be rejected by the
nonparam2tric test if one model has more years with sma.llerl d l values .than
the other mdel. The model with more smaller|d | values 1s considered the
more rellable model in terms of consistency of performance. However, to
raject the null hypothasis and declare one model clearly hetter than
another, consistency of performance is not a sufficient requirement
(although it {3 necessary). Consider the situation in wﬁi.ch one model is
more consistent than the other but the largest D values occur when the less
cinsistent model performs bettpr,. In the few years the lass consistent
model performs better, 1t pert‘érms much better. A dilemma exists since one
model is more conﬁsistent than the other but the bigzest differences between
the models occur when the consistent model perfof-ms' worse. The null «
nypothesis will be rejectad only Lf one model {s more consistent and the
biggest differences between the models occur when the.consistent model per-
forms better.

MODEL COMPARISON |

Quantitative comparison i3 made below of the CEAS and Williams=-type
models for spring wheat in tlorth Dakota and Minnesota on the bhasis of boot-

strap tasts for test years 1970-1979. Raference is alsn made in the tables

1w AR R R RS, ke
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and some figures to the "Strawman” Model. '1‘5113 is an objective nnear'one-
line fit to the years previous to each test year, and thus represants a
minimal "m«igl". The strawman mdel contains no explicit weather-related
information. | )

The actual SRS yields are plotted vs. year from the 1930'a th‘roﬂgh 1979
for I in Figuré 2A and £'<:i:i ND in Figure 2B, The results of the ten-year
bootstrap tests are plotted for MN in Figure 3A and for NC in 3B. An
appendix presents the results of the ten-year bootstrap tests.

Indi ators of Yield Reliability Based on
“Show _the CEAS Model Slightiy More

Accura.te With Respect to Root Mean Square
Error, Standard Deviation, and Bias.

Results of comparative tests ave shown in Tables 2,3, and 4 and Tigure 2.
RMSE The CEAS model had smaller RMSE over thie ten test years 1970-1979 at
the CRD level 1n five of eleven CRD's, while the Williams-type model has
smaller RUSE in six CRD's (no tles), RMSE valuss for the CEAS model
ranged from 1.17 to 4,18 Q/Ha at CRD level and from 1.13 to 2.09 QY/Ha at
the state and regional levels. RMSE values for the Willlams-type model
sanged from 1.49 to 3.76 Q/Ha at GRD level and from 1.40 to 2.76 Q/MHa at
state and regionai levels. Average RMSE a% CRD level was 2.01 Q/Ha for the
CEAS model and 2,10 Y/Ha for the Williams-Type model,

Standard Deviation The standard deviation measures pveci.sion becausei the

blases ape all small, the standard deviations show th':a same pattem of
behavior as RMSE values. N

;Sﬂ_iig Biases for both models are small, At CRD level‘ the blases :'ange’ from
~0.78 to 1.58 Q/Ha for the CEAS model and from -2.42 to 1.90 Q/Ha for the
Williams-type model., Overall the average of the absolute value for blas at
SRD level 1s sl:.shtly smaller for the CZAS model (9.25 Q/Ma) than for the
Williams-type model ().54 QHa). .12-
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Indicators of Yield Reliability Based on

rd = (d/y) ¥ 100 Show the C e
ﬁ;mui!ﬁ?n Accurate in Excremffearam

The inodel test results and comparative ranks for indicators of yleld

reliability based on relative difference, rd, are given in Tables 5, 6, and
7 and Figures 5, ‘6, and 7. These indicators are valuable for demonstrating
the worst performance of a rodel. The bésc-performmg model wili liave the

smaller values for the percent of years the absolute value of relative dif-
ference excaeds ten percent, and for the largest and next largest absolute

value of the relative, difference. N |

The parcent of years in which the absolute value of rd exceeds ten per-
cent at CRD level was smaller or ;tied in eight cases for‘the CEAS model and
in six cases for the lilliams-type mdel. At state and regional leveli the
CEAS model was better or tied in all cases; the Williams-type model was
tied in three cases.

The largest absolutn relative difference was smaller or tied at CRD
level in eight cases for the CEAS model and in four cases for the wnliams-
type model. The CEAS model was better in al cases at state and regir;;xal
levels. ‘ N

The next largest absolute relative difference was smaller or tied at
CRD level In flve cases for the CEAS mdel and in six cases for the
Williams-type rodel . The CEAS model was better or tled in four of six
cases at state and regional lavels, while the Williams-type model was

bettapr or tied in three of six cases,

-13-
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The next largest aﬁsalute relative stt‘ereﬁcq was gnaller or tied at
CRD level in six cases for the CEAS model and in five cases for the
Williams-type model. The CEAS indel was better in five of six cases at
state and regional levels, whils the Wil’iams-type model was hetter in one
case,

Hg.%on or Yield Reliabil..ii% B;:gegn
| Rgsmse. L.
Plots of the predicted and actual ylelds over the ten .test years for

each state are displayed in Figures 2 and 3. The test results and ¢om-
parative ranks for the indicators of yield reliability based on Yiand Y are
given in Tablas 8, 9, and 10, and Figures 8, 9, and 10. These ‘indicators
demnsth_a_t;e the degree of correspondence between predicted wid actual
ylelds. The hest performing model will have the largest vilue for the per-
cent of years in which the diraction of change of "‘i"s from the previous
year and from the average of the three previous years agrees with that for
Y's, and wil, have the Iarges‘c vaiue of the correlation coefficient between
actual and pradicted ylelds. | | 4

The percent of years in which the direction of change from the previous
year 1s correct 1s larger or tied at CRD level in seven cases for the CEAS
model and in six céses for the 'v};l_.l.iamg,—type model. At state and ‘resiohal
level the CEAS model 1s better op tied in two cases; the Williams-type
model 1s hettar or tled in four cases. | '

The percent aof year-s: in which the direétionb‘r change 'fmm the averé.ge
of the previous t:hree,yeavs‘ i3 correct is larger or tied at 7RD level in

eizht sases for the CEAS model and in nine cases for the wnliams-t:ype ;

model. At state and regional lawvel the CEAS model 4is hettar or tled in

two cases; the Williams-type :0del isubatcnr or tled in all six cases.
elle
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The Pearson correlation coefficient is larger at CRD level in six
casas for the CEAS model and in five casas for the Williams-type model. At
state and reglonal level the CEAS model is bettar in four cases, while the .
Villians=type model is better in two cases, |

Statistical Tests Based on d = Y Y
Show_the CEAS Nodel gﬁ‘fy_&wev

The results of the parametric and non-parametric pairsd - sample sta-
tistical tests are shown in Tables 11, 12, and 13 and Figures 11, 12, 13,
and 14, |

In those cases where significant differences exist, the CEAS model has
smaller average |‘ d| than the Willlams-type indel one case for the para-
metric t-test and has larséb percent smaller | 4| in one case r?::- the non-
parametric rank test. Overall, considering both significant and non-
significant cases, thers 1s no discemable dirference.

Both Models Provide a Poor
rent Measure of Modeled

-7 Yield Reliability
The Spearman correlation ccefficlent between the estimatn of the stan-

dard Prror' of a predicted yield from the hase period tmdel sy, and t:he
avsolute value of the difference betdeen the predictad and actual yteld, ld},
indicates wherher the model provides 4 useful current measure of modelled
yield reliability. 4n r value close to +1 is desirealfle since it indicates
that 4 smaller standard error of prediction Qan«:! theréf‘ore a naprrower con=-

fidence interval about the predicted value) is associlated with srnallet‘ :

discrepancies. between predicted and actual yields. Tf this were the case
one would have confidence in sy as (at least) a relative indicator of the

A
aceuracy of Y.

-15-
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The rasults of the tasts are given in Table 14. The results for both
ares 50 poor and so variable that one can have little confidence in s} as an
indicator of the reliability of predictions 1.

The Two Models Are About
Jective

Both models involve some subjectivity in specification of trend, choice
of trend breakpoints, and stepwise selection of the "most significant"
terms. Roth are quite objective in application once these choices have
been mnade, |

Both Models Consider Known
Scientific Re acions_ll;p_s

on a Broad Scale But:
"Not _in Detall

Stepwise selection of the most significant terms does not: ensire physi- |
cal or blological significance for either model. Although the process gives
tarns which represent zeneral delpendencies of yield on temperature and pre-
cipitation throughout the growmg season, the wise variation from one
reglon to another in terms W?iicﬂ enter as :"sigait‘icarit": does not zive 3
great desl of confidence in their reality. In general, the set of signifi-
cant terms for regression modelsof these sorts seem to fall somewhere bet-
wean the poles of "physical reality” and "random fluctuation'.

The poliszy of nandling tachnology and cropping practice trenda }by

ecewise linear and/or quadratic functions of year 20sses over the inown
r2lationships to variety mprovemenbs, f‘ertiltzer usage, etc., but 1is
surrently the most practical wa.f of handling a vnvy complex pr'oblem.
Rationala for choosing breakpoints appears to be practical rather than
scientific, There is 1o known way to tell when a trend breakpoint has
occurred until several years later. Becauss the trend breakpoints in both

mdels were detarmined from examinatign of all yeaps through 1978-1979,
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thera 1s a certain amunt of pre=iciowladge in' the tasts that one would not
actually hava in a real-life application. Neitherf model attempts to expli-
citly account for pests, disease, or other cpiaodic avents,

The use of textural and topographical information in the Williams-type
model doss not appear to give this mpdel any advantages in practica since
these terms Jo not sven enter some of the models whers one would expect
thenm from an agronomic viewpoint. It is also not obvious if the CEAS
mndels have any advantage in obtaining ¢rends for each individual CRD as
compared to the {/illiams-type model which obtainad trend for a milti-CRD
region. '

Whih ey Ware Bevelopad

Neither model can be reliably extsnded outside the regions for which

they were developed., Either zan readily be bullt for any region for which
a sufficlent historical record of weather and yield exists. To some extent
the Villiams-type model allows substitution of geographical record for
historical record and could, therefore, be at an advantage in certain
foreign regione of limited historical m‘cdvd.

Eoth Models Are equally Timely

New modals can be built as soon as raliable yield and weather figures
for the past year are avallable, FRarly season yield predictions can be
made shortly after the end of each month. In most CRD's a "final" yleld
pradiction would be obtained as soon as weather data for July was obtained.

This could be 1 9 5 weeks before harvest,
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n Both Models Are gu_a_l_l%
Inexpensive to Develop and Run

Data to develop and run both models are reaiily available at low cost.
The imltiple regression programs needed to develop and min the models are
available on most computer systems,

Both Models Are Equally Simple o .

For both models, development and application are straight-forward. The
only points where judgement is required are in selection of significant
terms and specification of‘ trend.

CONCLUSIONS

By a small but consistent fagtot' the CEAS model is prefarable to the
Williams-type model for predic:t.usig yields of spring wheat at CRD and stat:e:
levels in MNorth Dalota and Minnesota. The CEAS model is more accurate,
more precise, and more responsive to changes in observed ylelds. Both
models are local models, but can be readily redeveloped :,‘or other reglons
for which historical records of 20«30 years of yleld and monthly weather
Jata exist. Neither model incorporates scientific inowledge very deeply,
and hoth are suscepfzibl.e to lat'ge ecrors in years of unusual mather’."
Howevev hoth models seem o generally do a good Job of relating weather to
yield on average. Neither model provides a useful current estimate of

modelad yield reliability.

‘0

The mein practical a‘;!.:‘t‘erem.p between -the two models appears to be the
pooling of CRD level data over xml 1=-CRD regions. The fact that the
poolad model for spring wheat did nearly as well ie».s't:he models at indivie
dual CRD levels indicates that the pooled approach is a feasible cne. This
20uld be useful in some forelgn regions where historical recopd langths are
1imttad.

-18-
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Figure 2A
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Figure 3B
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