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Evaluation of the Willlams-Type Spring Wheat Model in North Dakota and
Minnesota. By Sharon LeDuc, Center for Environmental Assessment Services,
Environmental Data and Information Services, National Oceanic and Atmospheric
Administration, Columbla, Missouri, January, 1982.

ABSTRACT

The Wllllams-Type Model was developed simllarly to previous models of G.V.D.
Willlams. The models use monthly temperature and preclpitation data as well as
soll and topological variables to predict the yleld of the spring wheat crop.
The models are statlstically developed using the regression technique. Eight
model characteristics are examined in the evaluation of the model. Fvaluation
1s at the crop reporting district level, the state level and for the entire
reglon. A ten year bootstrap test was the basis of the statistical evaluation.
The accuracy and current indicatlon of modeled yleld reliabllity could show
improvement. There 1s great varliability in the blas measured over the
districts, but there is a slight overall positive blas. The model estimates for
the zast central crop reporting district in Mimmesota are not accurate. The
estimates of yleld for 1974 were inaccurate for all of the models.

Key words: Model evaluation, yleld modeling, test criteria.
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Evaluation of the Williams' Type
Spring Wheat Model
in North Dakota and Minnesota

SUMMARY

The Williams-type model is derived from a stepwise regression approach usirg
yileld for individual crop reporting discricts as the dependent variable cambined
in the same model and monthly weather variables and crop district specific soil
texture and topography variables as the independent variables. Rmctions of the
year surrogate variables, to account for technological changes, were also incor-
porated as explanatory variables. The mdel is objective, adequate, timely,
simple and low in cost. The reclation between yield and the predictor variables
is consistent with.scientific knowledge. The accuracy and current indication of
modeled yield reliability could use improvement. There is a slight overall
positive blas tut quite a large range of values over the CRDs. The model esti-
mates for Minnesota CRD 40 were not accurate. The yleld estimate for 1974 was
not accurate for any of the areas.

Description of Model

A rodel for analyzing the effects of weather and soil variables on
Canadian spring wheat ylelds was described by Williams, et. al. (1975). The
model falls wnder the general classification of "statistical - empirical
regression mdels." The models for Canadian vheat, barley, and rye pooled
crop district weather and agronomic data to larger soil-—color reglons and
Incorporated soll texture and topographic Information along with trend and
weather.

A predictive yleld mpdel for spring wheat in North Dakota and
Minnesota, based on the concepts outlined by Williams, et. al., was devel-
oped and tested by the Yleld Model Development group. This Williams-type
model incorporated CRD~level weather (monthly mean temperature and total
precipitation), soil texture, and topography in a munner as similar as
possible to that used by Williams. The CRD-level data were pooled to the
following two more-or-less «wironmentally homogenecus regions:

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

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

Separate nodels were developed for the two regions to provide predictions
of CRD yields using individual CRD weather/soil data with coefficients fram the
pooled mrdel. Models were also developed for the two states, ND and MN, based
on state-aggregated data for weather.

Models were developed on the basls of data available, i.e., 1932 through
1979 for North Dakota and 1936 through 1979 for Minnesota. The rumber of
observations were similar for the two regions. The terms were selected fram
stepwise regressions from which the first ten (or fewer) terms entered by step-
wise selection were retained for each region. A limit of 10 terms hed been



used by W.lliams et. al., and seemed to be a reasonable upper limit here as well.
Selected variables and the range of the coefflolents are given in Appendix 2.
The basic variables which differ slightly from those considered by Williams
ware:

(1) monthly mean temperature;

(2) total monthly precipitation;

(3) percent of soils in the CRD in textural c¢lasses coarse, medium, and
fine;

(4) percent of CRD area in the topographic classes level to gently
undulating;

(5) year as surrogate for technological, etc., trend.
These basic Inputs are used to calculate the possihle model variables:
Trend 1, linear between 1955 and 1966;

Trend 2, linear hetween 1955 and 1978;

TX = .75 (% fine soil) + .65 (% medium textured soil) + .35 (% coarse-
textured soll); and were determined by scientist at Johnson Space
Center through Buck Rogers, USDA;

TXSQ = TX squared;

Tp = % of area level to gently undulating;

TOPSQ = Tp squared;

C = precipitation Sept. - Apr.;

C squared;

ES, E6, ET = potential evapotranspiration calculated by the
Thornthwaite method (1948) for May PEIS, June PEIS, July PET7

E5, E6, E7 squared, l.e. PEISSQ,

D6, DT* = moisture deficits = E - precip. for June, July;

D5, D6, D7 squared, i.e., DEF6SQ, DEF7SQ;

DEFSEA = seasonal deficit = D5 + D6 + D7 - C: or potential evapotranspira-

tion May through July minus the precipitation from September
through July.
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DEFSEASQ = DEFSEAS squared;
TXDS = (TX times DEFSEA) squared

* D5 not used since D5, D6, D7. C and DEFSEAS are not all linearly
independent. Of these, the stepwlse regression selected 10 terms or less
for each region. Variables E6, E7, D5 and C were not in Williems' model. The
cumilative precipitation was for the 21 months prior to planting.

Ten years (1970-79) were used for testing each model's predictive per-
formance in a marner similar to the way the models are applled in practice. All
years following and including the te<t year were not used in calculating the
regression coefficlents. This was done for each successive test year. Appendix
2 shows the terms jncluded in each model and the range of coefficlents as estil-

.mated from the 1" trials. There are some general patterms but wide diversity in
detail, reflecting both real and random reglon-to~region variations. "Growing
coniditions during these ten years are shown in Appendix 3.

Only end-of-season models were tested, although "truncated" models
providing yield estimates at the end of each month throughout the growing
gseason were developed.

Variables selected included one trend for all models. The range on these
coefficlent estimates 1is shown In Appendix 2 varilables selected are also shown
there. Variables in the state models differed from those in CRD models since
texture variables were constant in state models. The estimates of the coef-
ficients for the meteorological varlables showed stability in the ten year test
period.

EVALUATION METHODOLOGY
Eight Model Characteristics to be Discussed

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

The model characterlstics to be emphasized in the
evaluation process are: yleld indication rel.iabllity,
obJectivity, consistency wlth sclentific lmowledge,
adequacy, timeliness, minimum costs, simplicity, and
accurate current measures of modeled yleld relilabllity.

Each of these characteristics will be discussed with respect to the Williams-
type spring wheat model.

Bootstrap Technique Used to Generate
Indicators of Yleld Rellabllity

Indicators of yleld reliability (reviewed below) require that the para-
meters of the regression model be computed for a set of data and that a
yield prediction be made based on that data for a glven "test" year. The
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values required t@ generate Indicators of yleld reliability include the
predicted yield, Y, the actual (reported) yield, Y, and the difference bet-
ween them, d = U-Y, for each test year. It is desirable that the data
used to generate the parameters for tre model not include data fram the
test year.

In order to accomplish this, the "bootstrap" technique is used. VYears
from an earlier base period are used to fit the model and obtain a predic- -.
tion equation. The values of the independent variables for the test year :
Immediately following the base period are Inserted into the equation and a |
predicted yleld 1s generated. Then, the base period ls shifted one year

forward and the process 1s repeated. Contimuing in this way, ten

(1970~1979) predictions of yleld are obtalned, each independent of the data

used to fit the model. Results are slown in Appendix 1 and growlng condltions .
are included in Appendix 4.

The Y and d values for each year and for each CRD are obtained fram
models derived at this level. A Y and d value for the state yleld is
derived from a state level model. Another set of Y values are ottained at
the state level by using a welghted average of the predicted ylelds from
the CRD models. Predicted ylelds for the reglon are also obtalned usirg a
welghted average of the predicted ylelds from the CRD models and from the
state mdels. The welghting factor used is harvested acreage for the year
of the prediction.

For North Dakota and Minnesota, data prior to 1969 (39 years) are used
to fit prediction models for 1970, ete. The yleld of all spring wheat is
used as the dependent variable, l.e., durum plus other spring wheat. The
average and percent production and the yleld over the ten year test perlod
are listed in Table 1 for each geographic region. The percentage of
reglonal production contributed by each CRD is shown graphically in Figure
1. Darker shades indicate higher production. Historlic ylelds are in Appendix
50

Review of Indlcators of Yleld Reliability

The Y, "f and d values for the ten-year test period for each geographic
area my be summarized into various indlcators of yleld reliability.

Indicators Based on the Differences between Y and ¥ (d)
Demonstrate Accuracy, Preclsion and 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 blas (its square and the relative blas) are obtained.

The ro. mean square error (RMSE) and the standard deviation (SD) indi-
cate the accuracy and preclsion of the mbdel and are expressed in the ori-
ginal units of measure (quintals/hectare). It 1c about 68% protable that
the absolute value of d for a future year will be less than one RMSE and
95% probable that 1t will be less than twice the RMSE. So, accurate pre-
diction capability is indicated by a small RMSE. i

i




A non-zero bias means the model 1s, on the average, overestimating the
yield (positive bias) or underestimating the yield (negative blas). The SD
is smaller than the RMSE when there 1s non-zero bias and indicates what the
RMSE would be if there were no blas. If' the blas is near zero, the SD and
the RMSE will be close in value. Ve prefer an unblased model, i.e., blas
close to zero.

Indicators Based on Relative Differences Between Y and ¥ (rd)
Demonstrate Worst and Best Performance

The relative difference, rd=(100d/Y), is an especially useful indicator
in years where a low actual yleld 1s not predicted accurately. This is
because years with small observed actual ylelds and large differer =3 of ten
have the largest rd values.

Several indicators are derived using relative differences. 1In order to
calculate the proportion of years beyond a critical error limit, we count
the number of years in which the absolute value of the relative difference
exceeds the critical limit of 10 percent. Values between 5 and 25 percent
were investigated and a critical limit of 10 percent was found nost useful
in describing nodel performance. ™e worst and next to worst performances
during the test period are def'ined as the largest and next to largest absolute
value of the relative difference. The range of yleld indication accuracy is
defined by the largest and smallest absolute values of the relative difference.

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

Another set of indicators demonstrates the correspondence between actual and
predicted yields. It would be desirable for Increases in actual yield to be
accompanied by increases in predicted ylelds. It would also 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
vrevious 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 rmmber
of obnervations, vhile a shorter period would not be very different fram
the comparison to a single previous year.

Finally, the Pearson correlation coefficient, r, betweeir the set of
actual and predicted values for the test years 1s computed. It is
desirable that r(-1 <r <+l1) be large and positive. A negative r indi-
cates smaller predicfed ylelds occurring with larger observed yields (and
vice versa).
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Current Measure of Modeled “Y:Leld Reliability OF POOR QUAL‘TY
Defined by a Correlation Coefficient

One of the model characteristics to be evaluated is 1ts abllity to pro-
vide an accurate, current measure of modeled yleld reliability. Although a
specific statistic was not dlscussed in the paper, Crop Yield Model Test
and Evaluation Criteria (Wilscn, et al., 1980), 1t was stated that:

This 'reliability of the rellablility' characteristic

can be evaluated by comparing model generated rellabllity
measures with subsequently determined deviation between
modeled and 'true' yleld.

For regression models, this suggests the use of a correlation
coefficlent bwtween two variables generated for each test year. ne
variable 1s ar, indicator of the precision with which a prediction for the
next year can be made. It 1is based on the model development base period
as applied to test year independent variable values. The other variable
(obtalned retrospectively) is an indicator of how close the predicted
value for the next year actually 1s to the "true'" value. The estimate of
the standard error - a predicted value from the bas: perlod mdel as
applied to the test year is used for the filrst value, sy, and the absolute
value of the difference between the predicted and actual yleld In the test
year is used as the second variable, |d| .

A non-parametric (Spearman) correlation coefficlent, r, is employed since
the assumption of bilvariate normality cannot be made. A positive value of
r(-1 r+ 1) indicates agreement between sy is assoclated with a small
(larger) value |d | . An r value close to “+1 1s desirable since 1t indicates
that a small standard error pf prediction (and therefore a narrow con-
fidence interval about the predicted yleld) is assoclated with small
discrepancles tetween predicted and actual ylelds. If this were the case,
one would have ronfidence in Sy as an Indicator of the accuracy of Y.

MODEL EVALUATION

Indicators of Yield Reliability Based on Differences Between Y and Y (d)
Show Wide Range in Bias and Root Mean Square Error

The CRD, state and reglon values of indicators of yleld rellability
based on d for this simple linear model are glven in Table 2. The bias for
CRDs 1s less than one quintal per hectare with the exception of the two
Mimesota crop reporting districts and 80 in North Dakota. The CRDs
have a relative bias of less than ten percent with the exception of the
south central CRD in North Dakota and in Minnesota the northwest
crop reporting districts.

The root and relative root mean square error values (RMSE and RREMSE)
are worse for CRDs in Minnesota and the Southern CRDs, Central and North Central
CRDs in North Dakota. Values for RMSE range from 1.49 to 2.76 (Figure 2).
Values for RRMSE range from 8.5 percent to 18.3 percent. Generally, the bias
is closer to zero but the RMSE in ND is larger for the sggregated CH) estlima-
tes than for the state estimates. In Minnesota the state model 1s better In
both reizpects. The CRD model estimates sggregated to the reglonal level have a
similar RMSE and show nore blas than the aggregated state mpdel estimates.

-8
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Indicators of Yield Relilability Based on Relative Differences Between |
Y and Y (rd) Show 1974 as Worst Year and 20~70 Percent :
of the Years have rd Greater than 10 Percent

The CRD, state and reglon values for indicators of yleld reliability based
on rd are glven in Table 3. CRD values are shown in Figures 3-5. Two to six of
the ten test years have absolute relative differences greater than 10 percent in
most (10 out of 11) of the CRDs. Fallure in predicting very low yleld in 1974
cauged the largest absolute relative difference for most CRD's. The largest
absolute relative difference ranged from 16.7 percent to U47.1 percent and next
largest from 11.0 to 28.2 percent. The amallest absolute relative difference is
sometimes zero (two CRDs) and ranged up to 5.3 percent.

As compared to the aggregated CRD results, the state model values for the
largest absolute relative differences are-somewhat lower in Minnesota but much
larger in North Dakota. There are similar number of years wlith absolute rela-
tive differences greater than 10 percent with the sggregation of CRDs and of
states to regional level.

A
Indlcators of Yield Rellability Based on Y and Y Show Correct Direction
of Change Over Half the Time In Comparing Predlcted to
Actual Yields

Plots of the actual and predicted ylelds over the ten-year test perlod
using state level mpdels are displayed in Figures 6 and 7. Estimates have
little bias in ND. The estimates for Minnesota are better 1n later yeair. The
CRD, state and reglon values for indicators of yleld reliability based dlrectly
on actual and predicted ylelds are given in Table 4.

In all the CRDs the change in direction of predicted ylelds agrees
with the change In direction of actual ylelds from the previous year in over
half of the test years (Figure 8). ‘Wwnen the direction of change 1is fram the
average of the three previous years, the dlrection of change 1s again in
agreement over half the time in all CRDs (Figure 9). Results for the state are
mixed. For comparison with the previous year the ND state model 1is not as gpod
as the sggregated CRDs, but the two methods are similar when comparing to base
period. CRDs sggregated are not as gpod as MN state mpdel but are simllar to the
state mdels aggregated to the reglon. The Pearson r (Figure 10) is positive
for all the CRDs. The range of the positive r's is V.62 to 0.90. State results
are worse and regional CRD's aggregated results are better. This indica.es that
tne model will give the correct direction of change over half the time. Only
the final yleld estimate was tested, thus change of predicted yleld fram pre-
vious forecasts within the current year were not lrwestigated.

Base Perlod Indicates More Precision Than
Independent Tests Can Conflrm

Certaln statistics generated from the regression analysis of the base period

data are often used to provide some indication of expected yleld reliability.

However, these statistics only reflect how well the model describes the data

used to generate the mpdel, il.e., fit of the model, rather than how well the

model can predict from independent data. Therefore, it 1s important to campare

these indicators of fit of the mpdel to the independent indicators of yleld

rellability discussed in the preceding sectlons. In thls way, one can see how

these tase perlod Indicators of fit of the model do or do not correspond to Iinde- .
pendent test indlcators of yleld r'eliallaility.
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ne Indloator of yield rellability, the myan squave orvor (MSE), 1s the sum if
of aquared d valuea (d = YY) for the indepondant test yoars divided by the :
number of test yoars (Table 2). The direcot analogue for the mwdel davelopmont

bage pariod 18 the realdual mpan aquara. The residual man square ia obbained

by firat gonerating the usual loaat aguares pradioction cquation using the base

pariod yeara., Then instead of predicting the yleld for the following teat yoar,

yields are predicted for esh of the base porled years, The residual mpan

aquare 1a the gum of aguared 4 values for these bagse pariod years divided by the
appropriate dogrees of {reedom (number off years minus nunbor of paranctors egti-

mated in fitting the mdol). Wioreas one value of MSE is generatod for each

gaographis area over the entire test porlod, a value of the residunl mean square

la generated for oach tase porled correaponding to a test year in that area.

The low, high, and average of the tuae porlod values for 2ach avea are glven in

Table 5, Valuea fur CRD's In pooled reglons are the aame.

The MSE values "in Table 2 are also given in Table 5. The average residual
mean aquare firan the it of the equation is losa than the MSE, exoept for CiDs
in Minnesota and two in North Dakota., In faot, the amlleat residual man
square 1a mre than the MSE in all exoept those four. Mimesota CRD 40 is the
outllier whose independent teat MSE i muoh lapger than the langest residual man
aquare firan the base peried.

Anotheor indicator of yleld rellabllity is the corralation coeffiolent, v,
botwaen the obdetved and predloted ylelds for the independent teat yoars ('l‘able
4). It is dsolrable for r to Lo olose to +1, even though it oan e nagatiye.
The analogue for the mwdl dvelopnent tase paried is the square oot of RE, the
goof flolent of multiple detemmination. The square root of RE expressed as a
proportion, R (0 4R «l), may be ilnterpreted as the sorrelation batween olserved
and predieted values for the base porlod years. The low, high and average
valuea of R for eaoh gpographio area are glven in Table 6. Values for CRD's in
the same pooled reglon are the sam.

The Pearaon corcelation ocoefficlent values In Table U are also glven in
Table 6, The highest poailtive value of v is 0.84 and ene r value i3 .60,
Average CRD valuea of R are fram 0,90 to 0.91. The valres of r fran the indo-
pendent teata are cartalnly muah lower than the values of 5 fran the base
period, {t i owlouu that levels of R (or altermatively Ré) for a wdl dove-
lopment tase parlod are of no value in iIndleating independent performance of
this mwdel. I fet, the base period R or RC oan bo vapry nlsleading as is the
case with Minnesota CRD U0,

Model ia Objeetive

Since the indapendent varlables are objectlvely defined no suwjeotive
Inputis are required to mun the wdel.

Regulta might differ If the sot of years used to gonerate the wdels wre
changed. Different independent varlablea might possibly have been selsoted with
a different time porlod. Mee the daolalons on the time perlod to use fOr wddl
development and the variablzs ® be used in the regresslon are fixed, the opera-
tion becomes completely objeotive. The varliables to eatimate the time trends
and soll texture required subjeotive dolslona,
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Model Consilders Known Solentific Relaticnships

The nodels consider factors which heve a statistically significant rela-
tionship with orop yleld. Some lknown relationships between weather and orop
yield may be lacking in the nmodels beocause the base period did not contain
avidence ¢f this relationship or the weather variables were not formulated to
detest the relationship. Non-olimatic, technologlcal causes of yleld variation
are not included even though 1t 1s known ! 4t suwoh relationships exist. Trend
i3 a problem since changes are impossible to doteat from year to year as belng
caused by the components of trend. Soil variables for the state model are
nearly constant through the years and are therefore of quastionable value,

Model is Adequate

The model can provide estimates for any geographic area and soils
having historio yield and menthly tanperature and preocipitation
information. This btasic information would be required for any nodeling
effort. Modele would have to be redeveloped for specific aress.

Model 1s Timely

As soon as rellable figures are avallable for monthly temperature and
precipltation through the growlng season mdels can be developed for estis~
mating the ourrent yleld, "End-of-season" modals can provide yleld estimates
a8 soon as weather data for the final required month are avallable.

Model 1s Not Costly

The only data required are the historic monthly temperature and preci-
pitation and actual yleld. These data are readily avallable., The least
squares regression model can be it using any standard statistical package
program. Estimates for the current year require the monthly tanperature and
precipitation data and darived variables soon after the end of the nonth.
Seils data are required for pooling CRD's but not for state models.

Model 1s Simple

The nodel is simple. Users ocan clearly wnmderstand the basils of pre-
dloted ylelds. The mpdel is easy to use. The independent variable values
in the mdel are simply functions of the year, predetermmined texture and
topologloal varliables, and transformations of the monthly temperature and
precipitation. To estimate the yleld for a current year one would need
canplete information on the transformations used to derive the weather
variables and the pre-determined varliables.

Model has Poor Curréent Measure of Modeled Yleld Reliability

The CRD, state and reglon values for the Spearmarn scorrelation coef-
fiolent between the estimate of the standard error of a predicted yleld
value and the absolute value of the dlfference between the predicted and
actual yleld are computed. They are glven in Table 7 and shown In Plgure
11, In 7 of 11 CRDs, the correlation 1s negative. The largest positive

-2l




value 1is 0.39. Thus, the model does not provide a good measure as to how
close the predicted values will be to the astual values. Instances of years
with smaller (larger) confidence intervals about the true predicted value
are all too often assoclated with larger observed dliscrepanclies between the
actual and predicted values. The accuracy of a predicted yleld cannot be
reliably Jjudged using information provided by the model. The state mdel
In North Dakota 1s better than the individusl CRDs. None of the indicators
for CRDs or for the state In Minnesota are good. The value of the standard
error of a predicted yleld is a function of the residual mean square and the
distance of the independent variable values in the prediction year fram
thelr average during the base perilod.

-

CONCLUSIONS

Williams-type spring wheat models for North Dakota and Minnesota utillize
monthly temperature and precipitation, predetermmlined texture and topography
variables, and plecewise linear trend to estimate yleld. Indicators of yleld
reliability obtained from a ten year bootstrap test are examined to detemmine
strengths and wealnesses of the mpdels. The blas and root mean square error
show qulte a range over the various CRDs, but the overall bias in Minnesota is
negative, l.e., the models tend to wnder estimate the actual yleld. Minnesota
CRDs gnd several in North Dakota have
a very high root mean square error. Tne 1974 spring wheat yleld was
the most difficult for the mdels o estimate., The direction of charge was
correct but the magnitude was underestimated. Absolute relative differences
were greater than 10 percent anywhere from 2 to 7 times during the 10 year test
perlod. The mpdels sthowed some capablility in indicating the direction of charge
in yleld from the previous ysars and also from a base period. Preclsion indi-
cated by the R2 value and the residual mean square errors does not sgree with
model performance for the independent 10 year bootstrap test.

The blggest weakness seems to be with the Minnesota CRD estimates. Models
are objective, adequate, timely, simple and not costly. It considers some known
sclentific relationships.
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APPENDIX 4

o

Brief Description of Growing Conditions for
Spring Wheat in Bootstrap Test Years

Year North Dakota Minnescta
1970 Yield down 21Z%-production down Yield down 8%-lowest yield and pro-
25%. Lowest yield since 1967, duction since 1966.
production since 1966. Cold, wet spring-planting delayed.
Wet early spring-planting delayed. Cold and moisture high through
Central and West areas dry out in June-hot July hurts crop.
July-moisture stress and slow Leaf rust loss 1.9 bu/acre (all
growth. wheat).
Nitrogen rate/acre up 3%4%. Nitrogen rate/acre up 12%.
Dominant variety is Chris. Era
released as new variety.
1971 Yield up 34¥%%-production up 87%. Yield up 38%-harvested area up 87%.
. Record yield and production- Record yield, harvested area and
highest harvested area since production.
1953. Early planting.
Early planting. Moisture good through July; cold
Moigture and remperature ade-~ July. Moisture short by mid
quate through July. August.
Early harvest after fine growing Excellent harvest conditious.
conditions. Nitrogen rate/acre down 357%.
Nitrogen rate/acre up 237.
1972 Yield down 9%%-production down Yield down 13%.
26%. Wet spring-planting delayed.
Wet early spring-planting delayed. Moisture short in North by mid
Dry June-mid July, especially July.
Eastern two~thirds of state. Heavy rains/flood in Central dur-
Harvest on normal schedule. ing July.
Nitrogen rate/acre up 27%. Cold wet August delays harvest.
Nitrogen rate/acre up 243%.
1973 Yield down é4%%-uroduction up 11iZ%. Yield up 18%-record yield, har-

Dry spring-early planting.

Much rain in June-early July but
South remains dry.

Harvest early.

Nitrogen rate/acre up 24%.

35.

vested area and production.
Harvested area up 2367% from 1970.
Cool, dry spring-early planting.

"Moisture very good through June.

July drier.

Harvest normal.

Nitrogen rate/acre down 7%.

Era accounts for 417 and Chris 127%
of area.

R T - T




Year

APPENDIX 4

Brief Description of Growing Conditions for
Spring Wheat in Bootstrap Test Years

North Dakota

Minnesota

1974

1976

1977

HAm . e e

T T .

[~ B
RN

xR

Yield down 22%-lowest since 1961.

Production down 13%-lowest since
1970.

Largest harvested area since
1951,

Excess spring moisture-late
planting.

Late June-July very dry (1/3
normal precipitation) and hot.

Harvest late.

Nitrogen rate/acre down 8%.
Dominant variety is Waldon (52%).
Olef introduced with 4.27 of

area.

Yield up 27%%-production up 26%.

Late, wet spring-planting de-
layed.

Heavy June rains-flooding in South
Red River Valley.

Hot, dry July.

Nitrogen rate/acre up 19%.

Olef accounts for 187 of planted
area.

Yield dowm 5%.

Record harvested rea.

Moisture favorable at planting.
Hot, dry through August.

Farly harvest. :
Nitrogen rate/acre up 29%.

Yiel&wup l%Z-production down 207%.

Low spring moisture.

Drought in South and Central.

Hot temperature and dry winds in
late July-September.

Early harvest-heavy rains cause
sprouting damage.

Nitrogen rate/acre up 2%.

36‘

Yield down 26%-lowest since 1970.
Record harvested area and produc-
tion. Harvested area up 3282

frem 1970.

Cool wet spring-planting delayed
in North.

Hail and heavy rains in Central.

Hot, dry July.

Nitrogen rate/acre down 3%.

Era accounts for 65% and Chris 6%
of area.

Price paid for wheat up 226%.

Yield up 7%.

Record harvested area and produc-
tion.

Cold, rainy spring-planting de-
layed.

Hot, dry July and August.

Nitrogen rate/acre up 4%.

Yield up 5%-harvested area up 41%
from 1975 and 470% from 1970.

Record production and harvested
area. Flanting 2-3 weeks early-
warmer, drier than normal.

Very dry in South and Central dur-

ing summer, but adeguate rain in .

Red River -Valley.
Nitrogen rate/acre up l4%.

Yield up 23%-record yield and
production.

Early planting and sprouting.

Moisture, temperature adequate
through summer.

Harvest normal to slightly late.

Nitrogen rate/acre up 2%.
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Brief Description of Growing Conditions for
Spring Wheat in Bootstvap Test Years

Year Norch Dakota Minnesota
1978 Yield up 20%Z-highest yleld since Yield down 16%-production dowr. 31%.
1971. Lowest harvested areua since 1973.
Production up 24%. Good early season weather.
Very good growing conditions. Heavy rain, wind in early summer.
Frequent rains early in season. Harvest slowed by wet weather-
Hot, drfy mid July-September. much lodging occurs.
Harvest early. Nitrogen rate/acre up 7%.
Nitrogen rate/acre aip l'i%.
Olaf accounts for 35% and
Waldron 287% of area.
1979 Yield down 12%-production down Yield up 4%%.

113%7%.

Cold wet spring-planting de-
layed.

Hot dry mid-June.

Cool August with heavy rains
and lodging in the East,
hail damage in East and
Central.

Premature frost in Northwest
(mid-August).

Nicrogen rate/acre up 24%.

37.

Lowest production since 1975.

Spring planting and development
2 weeks late.

Good growing conditions throughout
season.

Normal precipitation in Red River
area.

Nitrogen rate/acre up 7%.
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