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SUMMARY

Federal - provincial crop insurance programs were established in
the early 1960 's to reduce the impacts of crop failure due to
natural causes. However, with the increased frequency of drought in
recent years and the poor performance of grain markets, there is
need to improve the performance of these programs and to design new
ones.

Central to all safety net programs is the ability to define and map
different levels of production risk. This information, normally
called risk areas, is the foundation on which new programs are
designed and administerd, since they are used to calculate coverage
levels and premium rates.

This study reports on the development of new risk areas for
Manitoba. Yield data for spring wheat were integrated with maps of
agroecological resource areas (ARAs) , using a geographic
information system. Risk was evaluated on the basis of yield
variability in this study, in contrast to earlier work where risk
was equated with long-term mean yields. Dimensions of both space
and time were used to define levels of risk. Emphasis was on
natural risk, i.e. that part of yield variability that is beyond
the ability of the farmer to control through management.

Three objectives were identified for this project:

1) to develop a methodology which describes crop yield
variability in each ARA in Manitoba;

2) to identify any statistically significant differences between
the yield distributions for each ARA;

3) to use the identified statistical differences to group ARA's
into areas of similar risk, and to develop new risk areas.

Crop yield data were obtained from the Manitoba Crop Insurance
Corporation annual questionnaires for the years 1960 to 1988.
Approximately 1.6 million records (for many different crops) were
available for this time period, representing information from about
56 per cent of the producers in the province. These values were
spatially registered and overlaid onto the ARA map, using the
ARC/info geographic information system. The data were then selected
according to the following criteria:

1) only spring wheat records were chosen;
2) management practises were standardised such that only stubble

yields were used, and nitrogen application was at least 44.8
kg/ha (40 Ib/ac)

;

3) ARAs were included only if wheat yields were available for at
least ten years in the time period 1960 to 1988, and each year
had to include yields in at least ten locations.



These restrictions ensured that the variability being studied was
due to natural effects, and that the sample sizes were large enough
to produce statistically reliable results. Approximately 125,000
records were selected for analyses, in 31 ARAs.

Risk levels were evaluated by studying spatial and temporal yield
variablility in each ARA. A series of parametric statistics were
calculated for each ARA, and the mean, standard deviation and the
pattern of mean yields over time were selected for testing. The
objective of the testing was to identify which of the ARAs could be
grouped to form new risk areas (no significant differences between
their yield populations) , and which could not. Testing was done
using ANOVAs and product-moment correlation coefficients, and the
level of significance was selected at p<=0.05. The yield
populations in each ARA (mean, standard deviation and pattern) were
tested against the yield populations of all other ARAs. Any groups
formed by this procedure were then retested using the same
criteria. Three iterations were needed to identify 15 groups of
ARAs that were statistically unique. At this point the groups were
compared against soil, climate and landscape data, to verify the
validity of the groupings. After final retesting, 11 new groups
were created, three of which were subdivided into sugroups A and B.

These constituted the new risk areas for Manitoba, and a final map
with supporting statistics was produced.

The risk areas produced by this study differ from risk areas
currently used in Manitoba in several ways. There is an increased
use of natural features to define boundaries, because natural
features are a characteristic of the original ARA boundaries. Also,
the areas are defined on the basis of means, standard deviations
and the pattern of mean yield. This adds new dimensions to the
identification of risk areas, in that it incorporates the
evaluation of yield variability as an integral component in
defining levels of risk. The ARAs are required to have similar mean
yields and standard deviations overall, as well as similar patterns
in annual mean yield to be identified as areas of equal production
risk.

Another difference from the traditional approach in Manitoba is
that the risk areas defined in this study are sometimes comprised
of several non-contiguous units. The cause of the yield variability
within each unit in a single risk area may be different, but all
units are similar in terms of yield variability.

The risk areas developed in this study are specific to spring
wheat. Although other spring seeded cereals (except maize) could be
expected to perform somewhat similarly, this is not the case for
crops such as oilseeds or forages, and new risk areas would have to
be produced. The methodology, however, could be used for other
crops, providing there are adequate numbers of observations, spread
over a sufficient number of years.
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Les programmes federaux-provinciaux d'assurance-recolte etablis au
debut des annees 1960 avaient pour objet de reduire les
repercussions des mauvaises recoltes dues a des fleaux naturels.
Mais compte tenu de la frequence accrue de la secheresse ces
dernieres annees et de la morosite du marche des cereales, il faut
ameliorer le rendement de ces programmes et en concevoir de
nouveaux.

Une condition essentielle de tout programme de protection du revenu
est sa capacite d'etablir et de delimiter geographiquement les
niveaux de risques inherents a la production. Ces renseignements
qui determinent les zones dites a risques forment la base de la
conception et de 1' administration des nouveaux programmes
puisqu'ils servant a calculer les niveaux de couverture et les taux
de prime.

La presente etude fait etat de la creation de nouvelles zones a
risques pour le Manitoba. Pour ce faire, on a integre des donnees
sur les rendements du ble de printemps a des cartes de zones de
ressources agroecologiques (ZRA) au moyen d'un systeme
d' information geographique. Dans cette etude, on a evalue le
risque d'apres la variability du rendement, contrairement aux
travaux precedents ou le risque a ete assimile aux rendements
moyens a long terme. Les dimensions spatiale et temporelle ont
servi a determiner le niveaux de risque. On a mis 1' accent sur le
risque d'origine naturele, c'est-a-dire cette partie de la
variabilitie du rendement qui echappe a la capacite de gestion de
I'agriculteur

.

On a fixe trois objectifs dans le cadre de ce projet:

1) mettre au point une methodologie capable de decrire la
variabilite des rendements des cultures dans chaque ZRA du
Manitoba;

2) determiner toute differenece statistiquement significative
entre les repartitions des rendements dans chaque ZRA;

3) utiliser ces differeneces statistiques pour regrouper les ZRA
en zones de risques comparables et pour creer de nouvelles
zones a risques.

On a tire les donnees sur les rendements des cultures des
questionnaires annuels de la Manitoba Crop Insurance Corporation
pour les annes 1960 a 1988. Pres de 1,6 million de dossiers (pour
de nomabreuses cultures differentes) etaient ainsi disponibles sur
cette periode de temps et comportaient des renseignements sur
environ 56% des producteurs de la province. Ces donnees ont ete
spatialement enregistrees et superposees sur la carte des ZRA a
I'aide du systeme d' information geographique, ARC/INFO. On a
ensuite choisi les donnees selon les criteres suivantes:
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1) seuls les dossiers sur le ble de printemps ont ete choisis;
2) les pratiques de gestion ont ete normalisees de sorte que sels

les rendements sur chaume ont ete utilises; en plus, la fumure
azotee etait d'au moins 44,8 kg/ha (40 Ib/ac) ;

3) les ZRA n'ont ete inclus que lorsque les rendements etaient
disponibles pendant au moins dix ans dans I'intervalle de 1960
a 1988; en plus, chaque annee devait comprendre les rendements
d'au moins dix endroits.

Ces restrictions ont permis d'assurer que la variabilite etudiee
etait reellement attribuable a des effets naturels et que la taille
des echantillons etait suffisante pour donner des resultats
statistiquement fiables. Environ 125 000 dossiers ont ete retenus
aux fins d'analyse dans 31 ZRA.

On a evalue les niveaux des risque en etudiant la variabilite
spatiale et temporelle des rendements dans chaque ZRA. On a
calcule une serie de statistiques parametriques pour chaque ZRA et
on a choisi la moyenne, I'ecart-type et la courbe des rendements
moyens dans le temps a des fins d'essai. Les essais avaient pour
but de determiner lesquelles des ZRA pouvaient etre regroupees pour
former de nouvelles zones a risques (pas de differences
signif icatives dans leurs prof ils de rendement) et lesquelles ne le
pouvaient pas. On a utilise des analyses de variance et des
coefficients de correlation lineaire et on a choisi un seuil de
signification de 0,05. Les prof ils de rendement dans chaque ZRA
(moyenne, ecarttype et courbe) ont ete confrentes a ceux de toutes
les autres ZRA. Les groupes formes grace a cette methode ont
ensuite fait I'objet d'une autre essai en utilisant les memes
criteres. II a fallu trois iterations pour etablir 15 groupes de
ZRA statistiquement singuliers. Les groupes ont ensuite ete
confrentes a des donnees pedologiques, climatiques et
topographiques pour verifier la validite des regroupements. Apres
un dernier contre-essai, on a fini par etablir 11 nouveaux groupes,
dont trois etaient subdivises en sous-groupes A et B, qui
constituaient les nouvelles zones a risques pour le Manitoba; a
partir de la, on a produit une carte definitive avec statistiques
a I'appui.

Les zones a risques produites grSce a cette etude different a
maints egards de celles actuellement utilisees au Manitoba. En
effet, on constate une utilisation accrue* de formations
geographiques naturelles pour delimiter les frontieres car ces
formations sont une caracteristique des frontieres originales des
ZRA. Les zones sont egalement etablies d' apres les moyennes, les
ecarts-types et la courbe des rendements moyens; cette fagon de
proceder ajoute de nouvelles dimensions a la determination des
zones a risques du fait qu'elle integre 1' evaluation de la
variabilite des rendements a I'etablissement des niveaux de risque.
Cependant, les ZRA doivent avoir des rendements moyens et des
ecarts-types generalement semblables, ainsi que des prof ils de
rendements annuels moyens analogues, pour etre qualifiees de zones
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a risques des production comparables.

Une autre difference par rapport a la demarche habituelle au
Manitoba tient au fait que les zones a risques etablies dans cette
etude se composent parfois de plusieurs unites non contigues. La
cause de la variability des rendements a I'interieur de chaque
unite d'une meme zone a risques peut etre differente, mais toutes
les unites sont similaires en termes de variability des rendements.

Les zones a risques etablies dans la presente etude interessent le
ble de printemps. Meme si di'autres cereales de printemps (sauf la
mais) pourraient se comporter un peu de la meme fagon, ce n'est pas
le cas pour des cultures comme les oleagineux et les fourrages, de
sorte qu'il faudrait creer de nouvelles zones a risques. La meme
methodologie pourrait neanmoins servir a d'autres cultures, pourva
que le nombre d' observations soit suffisant et que celles-ci
embrassent suffisamment d'annees.
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1 . INTRODUCTION

Farm safety net programs, providing producers with protection from
loss of income due to crop production loss, have encountered many
difficulties over the past half century. Prior to the enactment of
the Crop Insurance Act (FCIA, 1959) , these programs were generally
handled in an ad hoc manner and as disaster relief. This created
many inequities for producers and many financial and administrative
problems for governments. It was clear that a program based on
natural production risk was essential, but on what basis could such
a program be structured? Further, although realizing that
production risk varied from area to area, how should the knowledge
of this variability be reflected in coverage levels and premiums?

The Federal Crop Insurance Act (1959) was the enabling legislation
within which each province could establish a crop insurance
program. Under this legislation, the design and administration of
these programs were provincial responsibilities, but the federal
government covered some administration costs and contributed to a
portion of the premiums. It was the responsibility of each
province to define the geographic distribution of natural risk
(identify Risk Areas) and to determine premiums and coverage levels
for producers within each of these areas. All programs were to be
actuarially sound, that is financially self sustaining. Initially
coverage levels were to be limited to 60 per cent of the area
average yields (calculated as arithmetic means) and premiums were
to be determined according to levels of risk.

1.1. THE CANADA-MANITOBA CROP INSURANCE PROGRAM

Manitoba was the first province to develop a crop insurance
program. This was enacted in 1960 and the program was divided into
the following elements:

1) Risk Areas. These areas were defined early in the program,
and they have remained essentially unchanged. Each risk area
was intended to reflect a distinct level of natural production
risk as defined by a combination of legal and natural
boundaries. Agro-climatic characteristics considered in the
development of these areas included:

- mean precipitation during the growing season;
frequency of precipitation;

- average temperature during the growing season;
- average length of the growing season;
- average number of frost free days;
- soil factors (fertility, texture, drainage)

;

- elevation of the land.

2) Area Average Yields. These values were based on
historical crop yields within a risk area. Because of
restrictions in the original legislation, only arithmetic
means could be calculated, with the result that all



extreme values and all years had to be included.

3) Coverage levels. This was the proportion of the risk
area average yield for which a producer may insure.
Production guarantees for an individual producer were
determined by multiplying the risk area average yield by
the coverage level. The maximum coverage level in
Manitoba was originally 60 per cent, but this has been
increased recently to 80 per cent of the risk area
yield.

4) Soil Productivity Index. Historical yield data were
integrated with soil profile and climatic factors to
create 10 soil productivity classes. Variables included
such factors as growing season length, frost free period,
precipitation, evapotranspiration and so on. The best
soil in the province (top yielding) was assigned a value
of 100, and all other soils were down-rated on a point
system, depending on the kind and severity of soil
limitations. These points were then subdivided into
productivity classes A to J. Each cultivated quarter
section or river lot was assigned a soil productivity
rating or index. The index represented the considered
opinion of a field assessor as to the effects of the
soil-climate interactions on crop yields in that quarter
section. ^A^ soils were the most productive and ^J^
soils were the least productive.

5) Research Questionnaire. An annual, voluntary
questionnaire was completed by producers to help track
yield performance over time in each area, and to help
identify some reasons for deviations (Figure 1 is a
sample of the 1986 version of the Manitoba
questionnaire) . A detailed description of the producer's
management decisions was collected for each yield
reported, including:

- type of crop rotation (fallow or stubble)

;

- amounts and types of fertilizer applied;
- level of weed control;
- herbicide and insecticide application;
- type of drainage;
- seeding methods and dates;
- tillage methods in spring and/or fall;
- varieties of crop planted.

1.2. FEDERAL-PROVINCIAL CROP INSURANCE REVIEW

The most recent Federal-Provincial review of crop insurance
programs was concluded in May 1989. The principles of each crop
insurance program were examined in the context of the main
objective of the Crop Insurance Act:
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Fig. 1. Questionnaire used by the Manitoba Crop Insurance
Corporation in 1986.



" To provide insurance protection to farmers, on an
actuarially sound basis, against crop losses caused by
natural perils that cannot be reasonably controlled"
(Discussion Paper, May 1989)

.

Although the programs were found to be performing reasonably well,
several elements of current crop insurance programs and other
government programs and policies were identified as requiring
improvement and/or fine tuning. These included:

1) Ad hoc payments for disaster relief were causing some
disruptions in the actuarial performance of the crop
insurance programs. It was felt that producers may be
relying on disaster relief payments rather than crop
insurance to protect against production risk.

2) Existing delineations of risk areas were found to be
inaccurate and inadequate. Because of the importance of
risk areas to the actuarial soundness and administration
of the programs, these inaccuracies were found to bias
the programs in an unfavourable way. Also, after 25
years of experience, it was felt that the soil
productivity indices had to be updated and revised.
Accurate delineations of risk areas and reliable
estimates of yield are fundamental to the actuarial
performance of crop insurance programs.

3) Indemnities and premiums were not always in balance to
ensure actuarial soundness (financial self
sustainability) . This was due to many factors, not the
least of which was the inaccurate delineation of risk
areas and the definition of soil indices.

4) Uneven participation of producers in the programs was
identified to be a problem. These often were due to
premium rates, but also because of inadequate coverage
levels and premium differentials, related again to
problems in risk area definitions and soil productivity
indices. All crop insurance programs are voluntary and
hence it is important that the program accurately
reflects the individual's level of risk if high
participation rates are to be encouraged.

These problems illustrate that the definition of levels of natural
risk and yield variability are central to all concerns. It was
realized that risk areas should be redefined and this should be
done in a manner which is statistically and scientifically sound.
Once completed, premiums and coverage levels could then be related
to yield probabilities and production risk.



1.3. REACTION TO THE CROP INSURANCE REVIEW

The review initiated the re-examination of the current risk areas
in Manitoba. In this task, emphasis moved from the use of
arithmetic long term mean yields towards evaluation of natural
yield variability. Risk areas had always been defined in relation
to long term mean yields and these values were used to determine
premiums and coverage levels. This method, however, did not
capture all the attributes of variability in the yield populations,
and it is precisely this variability which must be evaluated in
order to quantify natural production risk.

It was felt that the study of yield variability should not be
handled by treating the entire agricultural area of the province as
one area, but rather it should be subdivided to reflect "natural"
areas of differing yield potential. The Agroecological Resource
Area (ARA) map of Manitoba was compiled on the basis of
interactions among soils, landforms and climate, and this was
adopted as the geographical framework within which to examine yield
variability and risk.

1.4. OBJECTIVES FOR THIS STUDY

The research project described in this report was designed to test
the hypothesis that ARAs may be a possible alternative to the
current risk areas used for crop insurance in Manitoba. The major
requirement of the research was that the resultant risk areas must
be statistically valid and scientifically sound.

Three objectives were identified for this project:

1) to develop a methodology which describes crop yield
variability in each ARA in Manitoba;

2) to identify any statistically significant differences
between the yield distributions calculated for each ARA;

3) to use the identified statistical differences to group
ARAs into areas of similar risk, and to develop new risk
areas.

2. METHODS AND RESULTS

2.1. AGROECOLOGICAL RESOURCE AREA (ARA) MAP

The ARAs were developed using the extensive research experience of
available soils and climate experts in Manitoba. The map
delineates 50 relatively uniform areas, with similar properties of
soil texture and parent material, landforms, climate and soil
processes, at a scale of 1:2 million. The main sources of



information used in the compilation of the ARA map and development
of a relational database were:

1) Generalized Soil Landscape Map of Manitoba (LRRC,1989);
2) Eco-climatic Regions (Mills et al.,1985);
3) Agricultural Resource Region Map of southern Manitoba

(University of Manitoba, Faculty of Agriculture, 1973)

;

4) Consultation with soil and landscape experts in Manitoba.

Figure 2 illustrates the ARA Map of Manitoba. The shaded areas
indicate ARAs which were included in this study.

2.2. DATA SOURCES

Three sources of data were used in this study:

1) Manitoba Crop Insurance Corporation annual questionnaire
files. These files contain all crop yield and management
information for the years 1960 to 1988 inclusive.
Approximately 1.6 million crop yield records are
available for this time period. These yield records
represent just over 56 per cent of all producers in the
province (about 75 per cent of producers participate in
crop insurance programs and 75 per cent of those insured
will complete the questionnaire (H. Nelsen, personal
communication)) . In the earlier years, however, the data
are less complete.

2) The ARA database for Manitoba, as developed by the Land
Resource Research Centre and stored on the ARC/ INFO
Geographic Information System. ARA attributes such as
soil texture, growing season length, degree days greater
than 5 degrees, accumulated precipitation during the
summer and moisture stress were extracted from this
database to describe the proposed risk areas.
Information on soil parent material, surface form, method
of deposition, slope and average elevation for each risk
area were obtained from the Soil Landscape Map of
Manitoba (LRRC, 1989)

.

3) Transport Canada square survey file. This file contains
the section centroid latitude and longitude for all the
prairie provinces. Its function in this study was to
locate yields within individual ARA boundaries.

Individual wheat yields were assigned to ARAs in three steps. The
latitudes and longitudes of the section centroids from the
Transport Canada file were converted to coordinates that were
compatible with the ARA map information. Then the section
centroids were placed into individual ARAs using computerized
ARC/INFO procedures. Finally, the legal descriptions within each
ARA were matched to the legal descriptions of each yield record
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Fig. 2. Qualifying Agroecological Resource Areas (ARAs) used in this study (shaded
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extracted from the MCIC database. Appendix 1 is a flow chart which
outlines these and all other file management steps.

2.3. DATA SELECTION

The data were selected to minimize the effects of extraneous or
irrelevant sources of variation so that the variability being
measured would be due to natural effects rather than to management
practices. Sample sizes also had to be large enough to produce
statistically reliable results. Three data selection criteria were
used in this study:

1) Spring wheat was chosen as the test crop because 70 per
cent of crop insurance contracts in Manitoba involve
wheat production.

2) Management practices were standardized such that
only wheat yields defined as continuous
(stubble) cropping were included;

- the level of nitrogen application was at least
44.8 kg/ha (40 Ib/ac)

.

3) ARAs were included in the analysis only if:
wheat yields were reported for at least ten
years within the time period 1960 to 1988 (not
necessarily consecutive years) ;

- each year had to include yields in at least
ten locations.

These restrictions in the data selection process resulted in a
wheat yield file containing approximately 125,000 records. Only 31
ARAs out of the 50 ARAs in Manitoba had at least 10 reported yields
in 10 different years. No reported yields were included from the
years 1960 to 1963 due to a lack of management information during
this period.

2.4. STATISTICAL DESCRIPTIONS FOR ARAs

The evaluation of risk in crop production was based upon an
investigation of both spatial and temporal crop yield variability.
Both of these dimensions were considered in the development of all
statistical tests employed in the study.

A series of parametric statistics were calculated for each
qualifying ARA including mean wheat yield and standard deviation
from the mean for the period of analysis, coefficient of variation,
maximum reported yield, kurtosis (peakedness) , skewness (symmetry)

,

annual mean yields and standard deviations of annual mean yields.
All statistical analyses were done using the statistics package SAS
(Release 5. 18)

.



The number of observations ranged from 269 in ARA 37 to 18,478 in
ARA 35. Most of the distributions exhibited some skewness towards
the lower yields, which indicated some slight degree of bias
towards crop failure.

Table 1. Descriptive statistics for each qualifying ARA

Max.
ARA No. of No. of Mean yield S.D.' C.V.' yield Kurt." Skew.^

obs. yrs.' kg/ha (bu/ac) kg/ha % kg/ha

1 2297 16 1518 [22.6 735 48.5 3699 -0.64 -0.06
2 1210 14 1527 [22.7 1 766 50.2 4573 -0.18 0.06
3 1439 16 1615 24.0 755 46.7 4035 -0.18 0.18
4 573 14 1789 26.6 673 37.6 3699 0.28 -0.05
5 16278 23 1891 28.1 » 766 40.5 5380 0.12 0.07
6 2633 16 1961 29.2 715 36.5 6053 0.66 0.10
7 9780 23 2217 33.0 866 39.1 6053 0.18 -0.02
8 5305 22 2114 31.4 781 36.9 5716 0.11 -0.12
9 7933 23 1984 29.5 1 779 39.3 5716 0.25 -0.25

10 2366 21 1726 25.7 ) 776 44.9 5044 -0.07 -0.09
11 2147 23 2116 31.5 1 697 32.9 5380 0.87 -0.13
12 15967 23 2015 30.0 712 35.3 6053 0.52 -0.21
13 662 11 1711 25.4 720 42.1 4371 0.02 -0.03
14 878 12 1847 27.5 > 773 41.8 4035 -0.12 -0.17
15 767 12 2098 31.2 1 747 35.6 4170 -0.06 -0.10
16 958 12 2035 30.3

I
653 32.1 4035 0.40 -0.14

17 3208 16 2217 33.0 1 637 28.7 5380 0.93 -0.09
18 657 12 1948 29.0 764 39.2 4035 -0.02 -0.33
19 2108 15 2272 33.8 ) 701 30.9 4371 0.96 -0.43
21 3063 19 2128 31.6 689 32.4 5044 0.51 -0.36
22 1083 14 1935 28.8 695 35.9 4237 0.22 -0.26
26 1560 18 2032 30.2 775 38.1 6053 0.75 -0.38
28 1190 15 1946 28.9 > 889 45.7 4708 -0.33 -0.28
29 2388 19 1859 27.7

I
780 42.0 4035 -0.32 -0.14

31 1497 21 2106 31.3 > 843 40.0 5716 0.34 -0.10
33 1965 22 2366 35.2

I
781 33.0 5918 0.70 -0.40

34 10821 24 2274 33.8 » 910 40.0 5380 0.03 -0.42
35 18478 23 2034 30.3 1 888 43.6 6053 -0.23 -0.37
36 3263 23 2383 35.4 ) 900 37.8 5044 0.17 -0.44
37 269 12 2075 30.9 902 43.5 4708 -0.28 -0.08
39 654 13 2180 32.4 > 655 30.0 4371 0.48 -0.05

at least 10 reported yields per year
standard deviation
coefficient of variation (S.D./tnean x 100)
kurtosis
skewness

Table 1 lists the descriptive statistics for each ARA. Yields
reported as zero were included in all calculations. The frequency
of zero yields was less than 2 per cent, on average, of the total
population in almost all ARAs. Some highlights of this table
include:

1) mean yields varied from 1518 kg/ha (22.6 bu/ac) in ARA 1
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to 2383 kg/ha (35.4 bu/ac) in ARA 36;

2) a minimum yield of zero was reported in each ARA in at
least one of the years, indicating that the crop on that
quarter section was not harvested during the period of
study, for whatever reason;

3) 6053 kg/ha (90 bu/ac) was the highest reported yield.
This was reported in ARA 6, ARA 7, ARA 12, ARA 2 6 and ARA
35 (the reliability of this figure could not be confirmed
by the Manitoba Crop Insurance Corporation)

;

O.G'^^ - o. 7^"

4) standard deviations ranged from 637 kg/ha (9.5 bu/ac) in
ARA 17 to 910 kg/ha (13.5 bu/ac) in ARA 34;

5) the coefficient of variation ranged from 28.7 per cent in
ARA 17 to 50.2 per cent in ARA 2;

6) there was no evident relationship between the means and the
standard deviations;

7) skewness was slightly negative in 27 of the 31 ARAs reflecting
a higher probability of low (or zero) yields during the study
period.

Appendix 2 shows the graphical representations of some of these
statistics for each qualifying ARA. These include a wheat yield
frequency histogram, a cumulative probability distribution, a plot
of the annual mean yield over time and a plot of the annual
standard deviation from the mean.

The histograms were plotted using the SAS procedure PROC GCHART.
The class interval width was 336 kg/ha (5 bu/ac) , resulting in a
maximum of 17 discrete yield classes. The frequency of each yield
class was expressed as a percent of the total number of
observations. These histograms (Appendix 2, Figs. 1 and 2) were
visually compared to a normal distribution. Although most of the
yield distributions exhibited some differences from normality,
these differences were not deemed to be severe. Bimodality, for
example, was not evident. Consequently the use of parametric
statistical tests in the ARA classification procedures seemed to be
reasonable.

The SAS procedure PROC GPLOT was used to plot the annual mean and
the annual standard deviation (Appendix 2, Figs 3 and 4). The
number of years varied from ARA to ARA, because of the exclusion of
years with less than 10 reported yields (years were not always
consecutive) . The least number of years were included in an ARA
was 11 years (ARA 13) and the greatest number of years included was
25 years (ARA 34). The average number of years included was 18.
The range of years included in the analysis of each ARA was noted
at the bottom of the standard deviation plot.
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The plots of the annual means and standard deviations illustrate
the following:

1) 1980 and 1988 were the lowest producing years for a
majority (83.9 per cent) of ARAs. These were years of
severe drought, with 1988 being the worst of the two
years. (Manitoba Agriculture Yearbook, 1980, 1988) ;

2) the highest annual yields occurred in 1985 in 87.1 per
cent of the ARAs and the lowest annual yields occurred in
1988;

3) yield variability, as estimated by annual standard
deviations, ranged from a low of 202 kg/ha (3 bu/ac) in
ARA 3 in 1968 to 1071 kg/ha (15.9 bu/ac) in ARA 26 in
1985;

4) stresses that negatively affected annual mean yields did
not exhibit the same influence over the annual standard
deviations. Drought, for example, did not generally
appear to result in increases in annual standard
deviations.

The plots of the annual statistics describe the temporal patterns
of yield distributions of a particular ARA and assist in the
development of risk areas. It is significant that the plots of the
mean yield did not clearly indicate either increasing or decreasing
average yields for most ARAs. However, the plots of the standard
deviations indicated a tendency towards increases in magnitude over
time, particularly in many of the southern, drier ARAs. This may
indicate that yield variability has been increasing over time in
these areas. Regression analysis would help to quantify these
trends, in regards to the direction and magnitude of the changes,
but this analysis was not within the scope of this study.

2.5. DEVELOPING NEW RISK AREAS

2.5.1. Testing for Differences Between ARAs

The process of developing new risk areas involved grouping ARAs
which had similar yield populations. Three parametric statistics
were used for this purpose, namely the mean wheat yields for the
period of analysis, the standard deviations from the mean and the
patterns in mean wheat yields.

The SAS procedure PROC GLM was used to assess differences between
mean yields of each ARA and the corresponding standard deviations.
The mean and the standard deviations were examined using an
analysis of variance (ANOVA) with year and ARA as the terms of the
model. Each annual ARA parameter was weighted by the number of
observations in that year to avoid distortion of the effects due to
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comparatively small sample sizes, and to reflect the precision
associated with unequal numbers of observations.

For both parameters the Least Squared Means (LSMs) were used in
conjunction with the t-test to evaluate differences between pairs
of ARAs. The LSMs for each ARA was an adjustment of the original
mean to account for the different number of observations in each
year.

Table 2 contains the GLM results for both the mean and standard
deviation comparisons. Each value in this table is the probability
(p) that a difference in LSMs (of the observed magnitude) occurs by
chance. Differences were considered significant at the 5 per cent
level whenever p<=0.05. For example, in comparing ARA 1 to all
other ARAs, the mean yield was not significantly different from ARA
2 (p=0.39) , ARA 3 (p=0.21) , ARA 4 (p=0.20) , ARA 10 (p=0.06) and ARA
13 (p=0.32), but was different (p<=0.05) from all others.

The patterns in annual mean yields were compared using the Pearson
product-moment correlation (SAS procedure PROC CORR) . The top half
of Table 3 lists the significant (p<=0.05) correlation coefficients
(R) that resulted from comparisons between patterns in annual mean
yield. The number of years compared for each pair of ARAs is
listed in the lower half of the table.

2.5.2. The Process of Grouping Statistically Similar ARAs

The procedure used to group ARAs involved systematically comparing
each ARA against all other qualifying ARAs in the province. Any
two (or more) ARAs were grouped if their yield populations were
identified to be similar, i.e. there were no significant
differences between them.

To be considered in the same group (Risk Area) the two ARAs had to
satisfy four criterion, following the procedure below:

1) no significant difference between mean yields, i.e. the
probability of the observed difference between LSMs (Table 2)
exceeded 0.05. IF NOT THEN

2) no significant differences between standard deviations, i.e.
the probability of the observed differences between the LSMs
(Table 2) exceeded 0.05. IF NOT THEN

3) a significantly similar pattern in annual mean yields, i.e.
the correlations (Table 3) are different from zero and
positive. AND

4) the correlations exceeded 0.79 (Table 3).

Figure 3 illustrates this process for identifying statistically
similar groups. This procedure is further explained by the
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/SIM MEANS
/SIM STD DEV

)IFF PATTERN

SIM MEANS

SIM STD DEV

SIM PATTERN/

Group i ng cr iter ia

13 Means are different when p <=0.05

2] STD DEV are different when p <=0.05

33 Patterns are different when p > 0.05

a] Patterns are highly correlated when R >=G 79

SIM MEANS
'SIM STD DEV
SIM PATTERN
LOW CORB

SIM MEANS
SIM STD DEV

SIM PATTERN
HIGH CORR

GROUP I NG

OCCURS

Fig. 3. Grouping criteria for pairs of ARAs and interim groups

following example for ARA 1. The GLM results of the mean yield
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comparisons (Table 2) indicate that ARA 1 had a mean yield that
was not significantly different from the mean yields of ARAs 2,
3, 4, 10 and 13. These ARAs passed the first criterion. The
standard deviation of ARA 1 was then compared only to the
standard deviations of the 5 ARAs with^ similar mean yields; ARA
10 was statistically differentiated from ARA 1 at the second
step, leaving 4 ARAs to be examined at the next level (ARAs 2,3,4
and 13) . Step 3 indicates that there were significant
correlations between the pattern of annual mean yield for ARA 1

and the four remaining ARAs. The final grouping criteria
identified three possible grouping of ARAs. ARAs 1 and 2 had
patterns of mean yields that were highly correlated (R=0.92) and
could be grouped. ARAs 1 and 4 also could have been joined with
ARA 1 (R=0.81). Lastly, all three of these ARAs could have been
in a group as ARA 2 and 4 have highly correlated mean yield
patterns (R=0.83). In this first iteration ARA 1 and 2 were
grouped because the patterns of their mean yields were most
similar. ARA 4 was not grouped with ARAs 1 and 2 because it was
compatible with other ARAs, particularly ARA 5 (similar means,
similar standard deviations, and significantly and highly
correlated mean yield patterns; R=0.92). Whenever conflicting
groupings were possible, the grouping with the largest
correlation value was chosen.

There were a total of 465 possible ARA comparisons in this study.
Table 4 lists the rate of statistical differentiation at each
step of this process. Because of the order in which the criteria
were applied, the mean yield criteria differentiated a higher
percent of ARAs than did the standard deviation or the pattern of
the annual mean yields.

Table 4. Frequency of dissimilar comparisons for each step of the grouping
criteria.

Step Step Cumulative
differentiation differentiation

% (no.)' % (no.)

1 - MEAN 41.7 (194) 41.7 (194)

2 - S.D. 23.9 (111) 65.6 (305)

3 - PATTERN 17.4 (81) 83.0 (386)

4 - R VALUE 10.8 (50) 93.8 (436)

1

the step differentiation is the proportion of the total number of
possible comparisons (465) that were eliminated in that step.

The cumulative contribution of each step in the process is also
shown in Table 4. Only 29 (6.2 per cent) of the ARA comparisons
passed all four levels of criteria. Appendix 3. lists the
frequency of dissimilar comparisons for each ARA.
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Fig. 4. First interim grouping of ARAs (21 groups).
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This process of statistical differentiation resulted in 21 interim
groups of ARAs (Table 5) . Figure 4 illustrates the distribution of
these groups across the agricultural area of Manitoba. It is an
interim product in the development of new risk areas.

To investigate further groupings, these 21 groups were examined in
the same manner as the original ARAs. The ANOVA (LSMs) and
correlation coefficients were calculated and then the groups were
subjected to the grouping criteria (Appendices 4.1 and 4.2). This
identified groups that were not statistically unique. As a
consequence the set of 21 groups were consolidated into 17 groups
as shown in Table 5 (second iteration) . Note that ARAs 33 and 34
were grouped in this iteration rather than in the first, due to
slight changes in the group population statistics, which were
reflected in the least squared means of each iteration.

Table 5. Results of the iterative application of the grouping criteria

ARAs in each group

Group First Second Third Fourth
Number iteration iteration iteration iteration

1 1,2 1,2,3,13 1,2,3,10,13 1,2,3
2 3,13 4,5 4,5 10,13
3 4,5 6,11,12,37 6,11,12,37 4,5,6
4 6,12 7,8,16 7,8,16 11,12
5 7,8,16 9,22,29,31 9,22,28,29,31 37,39
6 9,22,29 10 14 7,8
7 10 14 15 16
8 11,37 15 17 9,14,22,28,29,31
9 14 17 18 15,17

10 15 18 19,21 18,19,21
11 17 19,21 26 26
12 18 26 33,34 33,34
13 19,21 28 35 35
14 26 33,34 36 36
15 28 35 39
16 31 36
17 33 39
18 34
19 35
20 36
21 39

the first three sets of groups were determined by the grouping criteria. The
fourth set of groups were formed as a result of inclusion of biophysical and
geographic information to the groups from the third iteration.

This grouping process was then repeated on the 17 groups, and it
was found that further consolidation was possible (Appendices 4.3
and 4.4). Fifteen interim groups were formed, using the same
differentiation process. These groups are also shown in Table 5
(third iteration)

.
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Fig. 5. Third interim grouping of ARAs (15 groups). These groups represent the

statistical grouping of ARAs without considering any soil landscape

characteristics.
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When the differentiation procedure was applied to these 15 groups,
it was found that no further consolidation was possible. The
groups were all statistically differentiated from each other. The
distribution of these groups across the province is shown in
Figure 5 and the descriptive statistics for each group are found in
Table 6. Results of the statistical testing are shown in Tables 7

and 8

.

Table 6. Descriptive statistics for the third interim grouping of ARAs

Max.
Group No. of Mean yield S.D. C.V. yield Kurt. Skew.

obs. kg/ha (bu/ac) kg/ha % kg/ha

1 7994 1613 [23.99) 760 47.1 5044 -0.25 0.01
2 16851 1888 28.07) 763 40.4 5380 0.13 0.07
3 21016 2020 30.03) 715 35.4 6053 0.55 -0.16
4 16043 2172 32.29) 829 38.2 6053 0.23 -0.20
5 14091 1969 [29.28) 793 40.3 5716 0.13 -0.21
6 878 1847 [27.47) 771 41.7 4035 -0.12 -0.17
7 767 2098 31.19) 747 35.6 4170 -0.06 -0.10
8 3208 2217 32.97) 637 28.7 5380 0.92 -0.09
9 657 1948 28.96) 764 39.2 4035 -0.02 -0.33

10 5171 2186 32.51) 698 31.9 5044 0.67 -0.38
11 1560 2032 30.22) 775 38.1 6053 0.75 -0.38
12 12786 2288 34.02) 892 40.0 5918 0.13 -0.43
13 18478 2034 30.25) 888 43.7 6053 -0.23 -0.37
14 3263 2383 35.44) 900 37.8 5044 0.17 -0.44
15 654 2180

{ 32.42) 655 30.0 4371 0.48 -0.05

Table 7. Probability of a difference between third interim grouping
least square means for mean yields and standard deviations

Heart yield prob.

Group 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

1
. _ 0.00 0.00 0.00 0.00 0.42 0,06 0.00 0,23 0,00 0.02 0.00 0.00 0.00 0.01

S 2 0.03 -- 0.03 0.00 0.08 0.62 0,48 0,00 0,94 0,00 0.53 0.00 0.00 0.00 0.17
t 3 0.61 0.02 -- 0.00 0.84 0.25 0,91 0.09 0.62 0,03 0.82 0.00 0.35 0.00 0.41

d A 0.05 0.00 0.00 -. 0.00 0.03 0,42 0.94 0.18 0.94 0,13 0.00 0,02 0.01 0.97
5 0.00 0.00 0.00 0.04 -- 0,28 0,87 0.08 0.66 0,03 0,89 0,00 0,29 0.00 0.38

D 6 0.03 0.00 0.01 0.14 0.43 -- 0.38 0,06 0.70 0,05 0.42 0,00 0.15 0.00 0.16
e 7 O.U 0.49 0.18 0.03 0,00 0.01 -- 0,48 0.66 0,46 0.82 0,08 0.88 0,05 0.59
V 8 0.10 0.83 0.15 0.00 0.00 0.00 0,59 -- 0.22 0,99 0.21 0,07 0.23 0.04 0,99

9 0,09 0.01 0.06 0.30 0,65 0.85 0.02 0,02 -- 0,21 0.77 0.03 0,47 0.02 0,34

P 10 0.06 0.00 0.01 0.67 0,29 0.22 0,02 0,00 0.40 -- 0.18 0.03 0.14 0.02 0,99
r 11 0.00 0.00 0.00 0.01 0.12 0.74 0.00 0,00 0.62 0,04 -- 0.00 0.56 0.00 0,41

12 0.00 0.00 0.00 0,24 0,42 0.28 0.01 0,00 0,49 0,66 0.06 -- 0.00 0.47 0,37
b 13 0.05 0.00 0.00 0.97 0,03 0,14 0.03 0,00 0,29 0,65 0.01 0.22 -- 0.00 0.56

, U 0.36 0.57 0.51 0,02 0,00 0,01 0.36 0,55 0,04 0,02 0.00 0,00 0.02 -- 0.24
15 0.90 0.38 0.77 0.59 0.26 0,16 0.26 0,36 0,25 0.50 0.06 0.38 0,59 0.58
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Table 8. Significant correlations (p<0.05) between patterns of mean yields for
the third interim grouping of ARAs "

Correlation coefficients

Group 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

N 1 0.84 0.91 0.76 0.88 .. .. .. .. 0.60 .. 0.71 0.65 0.62 ..

2 21 0.87 0.94 0.94 -- -- 0.72 0.64 0.70 0.53 0.84 0.76 0.76 --

. 3 21 23 0.84 0.93 .- -- 0.62 -- 0.69 0.46 0.77 0.77 0.74 0.57
A 21 23 23 0.91 -- -- 0.71 -- 0.62 0.63 0.90 0.84 0.85 --

5 21 23 23 23 -- -- 0.60 -- 0.61 0.63 0.85 0.82 0.78 0.56
f 6 12 12 12 12 12 -- -- -- -- -- -- -- -- --

7 12 12 12 12 12 12 0.68 0.70 -- -- -- -- -- --

Y 8 16 16 16 16 16 12 12 0.73 0.73 -- 0.52 0.52 -- 0.57
e 9 12 12 12 12 12 11 11 12 0.75 -- -- -- -- --

a 10 18 19 19 19 19 12 12 15 12 -- 0.56 0.53 0.53 --

r 11 18 18 18 18 18 12 12 15 12 17 0.62 0.67 0.59 0.55
s 12 21 23 23 23 23 12 12 16 12 19 18 0.89 0.96 --

13 21 23 23 23 23 12 12 16 12 19 18 23 0.93 0.66
U 21 23 23 23 23 12 12 16 12 19 18 23 23 --

15 13 13 13 13 13 12 12 13 12 13 13 13 13 13

— indicates pairs of ARAs which were not significantly correlated (p>0.05)
number of years in which both ARAs in the comparison had at least 10

observations

.

2.5.3. Physical Refinements to the Statistically Grouped ARAs

The next phase of risk area development involved the subjective
comparison of the soil biophysical data for each defined group.
This was done to ensure that the groups made sense physically.
Soil landscape information was obtained from the legend of the Soil
Landscape Map of Manitoba. The soil landscape information used
included soil development, soil parent material, soil texture,
deposition of parent material, surface form, degree of slope and
average elevation.

Two types of group realignment occurred as a consequence of the
reexamination. In some cases an ARA was judged physically
incompatible with other ARAs in that group whereby it was split
off; in other cases, ARAs had similar physical characteristics to
groups of which they were not a member. Only the following
adjustments were then made:

1) Group 1 (ARAs 1,2,3,10,13): This group was split into two
parts. The first group contained ARAs 1,2 and 3 and the second
group contained ARAs 10 and 13. This split was due to the
following differences in soil development, parent materials,
surface forms and slope:



Soil development
Parent material
Surface forms
Slope
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First group

Black Chernozemic
Morainal, lacustrine
Level, knoll/kettle
1 - 4 %

Second group

Regosolic
Eolian, undiff.
Hummocky, dissected
4 - 30 %

2) Group 2 (ARAs 4,5) and Group 3 (ARAs 6,11,12,37):
removed from Group 3 and joined with Group 2 because:

ARA 6 was

A) it was statistically similar to ARAs 4 and 5. All the
grouping criteria were met except the correlation did
not exceed 0.79 (ARA 4 vs 6: R=0.72, ARA 5 vs 6

:

R=0.75)

;

B) soil landscape features of ARA 6 were more consistent
with ARAs 4 and 5

;

C) ARA 6 was geographically close to ARAs 4 and 5.

3) Group 3 (ARAs 11,12,37) and Group 15 (ARA 39): ARA 39 was
grouped with the ARAs in Group 3 because of similarities in soil
development (Dark Gray Chernozemic) , deposition methods
(lacustrine) and range of slopes (1-3 per cent) . Also the group
statistics were similar to those of ARA 39 in all ways, except that
patterns of annual mean yield were not highly correlated (R=0.57).
Ultimately the ARAs in this group were segmented into two
subgroups. The first consisted of ARAs 11 and 12, and the second
ARAs 37 and 39. This was due to the geographic separations of
these two areas.

4) Group 4 (ARAs 7,8,16): This group was divided into two
subgroups; ARAs 7 and 8 in the first subgroup, and ARA 16 in the
second. This was due to the following differences in soil
landscapes:

Soil development
Soil texture
Surface form
Slope
Elevation

First group

Black Chernozemic
Clay loam
Undulating, hummocky
1 - 15 %

300 - 400 m

Second group

Gray Luvisolic
Loam
Knoll/kettle
16 - 30 %

500 - 700 m

5) Group 5 (ARAs 9,22,28,29,31) and Group 6 (ARA 14): ARA 14 was
joined to Group 5 due to similar soil landscape features, and it
was statistically similarity to ARA 22 (passed all criteria except
for a low correlation; R=0.61).

6) Group 7 (ARA 15) and Group 8 (ARA 17) : The ARAs in these two
groups were joined due to similar soil landscape features. Also
these groups were statistically similar except that the correlation
in mean yield patterns was only 0.68.
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7) Group 9 (ARA 18) and Group 10 (ARAs 19 and 21): ARA 18 was
statistically similar to the ARAs in Group 10, except that the
correlation in annual mean yields was only 0.75. The two groups
had similar soil textures (clay loam) , some similarity in
deposition and they are geographically close together.

This phase of risk area development resulted in the evolution of 11
groups of ARAs, with three of these groups split into subgroups
based on soil and geographic considerations. Table 5 lists the
ARAs in each group (Fourth iteration) . Again the grouping criteria
was applied to these groups (Tables 9 and 10) . The evidence showed
that no further combining of groups was necessary.

Table 9. Probability of a difference between fourth interim grouping least
scjuare means for mean yields and standard deviations

Group

Mean yield probabilities

5 6 7 8 9 10 11 12 13 U

1
.. 0.22 0.00 0.00 0.00 0.00 0.08 0.00 0.16 0.00 0.01 0.00 0.00 0.00

s 2 0.01 -- 0.15 0.01 0.00 0.01 0.52 0.00 0.49 0.00 0.16 0.00 0.00 0.00
t 3 0.91 0.00 -- 0.02 0.00 0.07 0.68 0.01 0.96 0.00 0.56 0.00 0.00 0.00
d 4 0.12 0.10 0.01 -- 0.00 0.76 0.15 0.18 0.57 0.06 0.73 0.00 0.55 0.00

5 0.00 0.92 0.00 0.01 -- 0.00 0.01 0.69 0.18 0.94 0.14 0.00 0.03 0.01

D 6 0.00 0.41 0.00 0.00 0.12 -- 0.21 0.14 0.64 0.05 0.84 0.00 0.39 0.00
e 7 0.00 0.26 0.00 0.01 0.15 0.51 -- 0.04 0.80 0.02 0.46 0.00 0.09 0.00
V 8 0.65 0.05 0.52 0.39 0.01 0.00 0.00 -- 0.28 0.78 0.28 0.02 0.33 0.02

9 0.02 0.37 0.02 0.08 0.31 0.58 0.89 0.04 -- 0.21 0.77 0.03 0.47 0.02

P 10 0.00 0.84 0.00 0.02 0.68 0.47 0.29 0.02 0.41 -- 0.19 0.03 0.15 0.03
r 11 0.00 0.05 0.00 0.00 0.02 0.10 0.39 0.00 0.63 0.05 0.01 0.57 0.00

12 0.00 0.56 0.00 0.00 0.25 0.70 0.40 0.00 0.50 0.66 0.07 -- 0.00 0.48
b 13 0.00 0.91 0.00 0.00 0.98 0.10 0.14 0.01 0.30 0.66 0.02 0.22 -- 0.00
• 14 0.66 0.07 0.54 0.45 0.02 0.00 0.01 0.99 0.05 0.02 0.00 0.00 0.02

\

these comparisons were done prior to the final ordering of groups into risk
areas.

The final step in the process involved reordering the final set of
groups by the magnitude of their mean yield, and designating the
subgroups as subgroup A and subgroup B. This resulted in the final
risk area designations. Table 11 lists the ARAs in each risk area
and the corresponding descriptive statistics. Figure 6 is a map of
the new risk areas that were developed in this study.
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Table 10. Significant correlations (p<0.05) between patterns of mean yields for
the fourth interim grouping of ARAs'"^'

Group

Correlation coefficients

5 6 7 8 9 10 11 12 13 U

N 1 0.88 0.80 .83 .69 .84 .. .. 0.58 .. 0.67 0.73 0.62
2 17 0.90 .91 .86 .91 .59 0.56 -- 0.66 0.47 0.80 0.71 0.72 ^

, 3 17 21 .85 .94 .93 .72 0.71 0.64 0.70 0.54 0.84 0.76 0.76 *

4 17 21 23 .82 .92 .61 0.59 -- 0.68 -- 0.76 0.77 0.74
f 5 17 21 23 23 .91 .72 0.66 -- 0.62 0.63 0.90 0.84 0.85

6 17 21 23 23 23 .63 0.54 -- 0.60 0.61 0.85 0.83 0.78
Y 7 U U U 14 14 14 0.78 0.59 0.60 0.61 .- 0.53 --

e 8 15 16 16 16 16 16 14 0.78 0.70 -- -- -- --

a 9 12 12 12 12 12 12 12 12 0.75 -- -- -- --

r 10 17 18 19 19 19 19 14 15 12 -- 0.56 0.53 0.53
s 11 17 18 18 18 18 18 14 15 12 17 0.62 0.67 0.59

12 17 21 23 23 23 23 14 16 12 19 18 0.89 0.96
13 17 21 23 23 23 23 14 16 12 19 18 24 0.92
U 17 21 23 23 23 23 14 16 12 19 18 23 23

— indicates pairs of ARAs which were not significantly correlated
number of years in which both ARAs in the comparison had at least 10
observations.
these comparisons were done prior to the final ordering of groups into risk
areas.

Table 11. Descriptive statistics for the risk areas

Risk
area

ARAs
Max.

No. of Mean yield S.D. C.V. yield
obs. kg/ha (bu/ac) kg/ha % kg/ha

Kurt. Skew.

lA 1,2,3 4946 1549 23.0) 751 48.5 4573 -0.34 0.05
IB 10,13 3028 1723 25.6) 764 44.3 5044 -0.05 -0.07
2 4,5,6 19484 1898 28.2) 757 39.9 6053 0.19 0.07
3 9,14,22, 14969 1962

{ 29.2) 792 40.4 5716 0.11 -0.21
28,29, 31

4 26 1560 2032 30.2) 775 38.1 6053 0.75 -0.38
5A 11,12 18114 2027 30.1) 711 35.1 6053 0.56 -0.21
5B 37,39 923 2149 32.0) 738 34.3 4708 0.34 -0.13
6 35 18478 2034 [30.3) 888 43.7 6053 -0.23 -0.37
7 18,19, 21 5828 2159 32.1) 709 32.8 4573 0.58 -0.39

8A 7,8 15085 2180 [32.4) 838 38.4 6053 0.20 -0.03
88 16 958 2035 [30.3) 653 32.1 4053 0.40 -0.14
9 15,17 3975 2194 [32.6) 661 30.1 5380 0.70 -0.12

10 33,34 12786 2288 [34.0) 892 39.0 5918 0.13 -0.43
11 36 3263 2363 35.4) 900 37.8 4578 0.17 -0.44

the total risk area mean yields for Risk Areas 1, 5 and 8 can be found in the
detailed descriptions of these risk areas in the text
these are the same ARA groupings as the fourth set of interim groups but
sorted by mean yield.
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Fig. 6. The 1 1 new Risk Areas developed from the quaHfying ARAs in Manitoba, based

on statistical differentiation and soil landscape characteristics. The areas are

arranged by increasing mean yields.
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2.6. DESCRIPTIONS OF THE NEW RISK AREAS FOR MANITOBA

This section describes each risk area in terms of it's location,
size and relative level of variability (C.V.). Soil landscape
features and climatic conditions for each risk area are found in
Table 12.

Risk Area lA
This section of Risk Area 1 is located in the extreme south west
corner of the province. It is bounded by the U.S. border to the
south and the Saskatchewan border to the west. Area lA includes
the Souris River plain and the towns of Melita and Souris. It
is 0.649 million hectares (1.604 million acres) in size. The mean
yield (area average) for this part of Risk Area 1 is the lowest
of all the risk areas in the study (1549 kg/ha) but the
variability of yield is the highest (C.V.=48.5 per cent).

Risk Area IB
This section of Risk Area 1 is split into two portions. The
western segment consists of the flood plains of the Shell, South
Saskatchewan and Assiniboine Rivers, including the towns of
Miniota and Virden. The Eastern segment includes the areas around
Neepawa, Brandon and Shilo, but not the areas surrounding Carberry
and Melbourne. The mean yield for this part of Risk Area 1 is
1723 kg/ha and the measure of variability (C.V.) is 44.4 per cent.
This is one of the smaller risk areas with only 0.446 million
hectares (1.102 million acres).

The overall mean yield for Risk Area 1 is 1613 kg/ha and the
relative variability is 47.1 per cent. The total area is 1.095
million hectares (2.707 million acres). The risk level in this
area is the highest of all risk areas as shown by the high relative
variability of yield.

Risk Area 2

This risk area is directly east of Risk Area 1 and includes the
broad table lands surrounding Turtle Mountain Provincial Park
except for the Souris and Pembina River valleys. Boissevain,
Hilton, Belmont and Cartwright are all found within this area.
The mean yield for this area is 1898 kg/ha. and the C.V. is 39.9
per cent, indicating a lower level of risk compared to Risk Area
1. There are 0.714 million hectares (1.765 million acres) in
Risk Area 2

.

Risk Area 3:
This risk area comprises three sections, all located in the
western half of the province. The western section is located on
the southern flank of Riding Mountain National Park. The central
section is in the West Lake Region, extending to the area north
of Dauphin Lake and west of Lake Winnipegosis including the
Dauphin, Sifton and Fork River areas. It also includes the areas
south of Gladstone and the regions west of Portage La Prairie.
The third and most southerly section includes the Assiniboine
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River valley from Brandon to Spruce Woods Provincial Park. The
mean yield for this spatially diverse risk area is 1962 kg/ha, and
the relative variability is fairly high (C.V.=40.4 per cent).
This is the third largest risk area with 1.155 million hectares
(2.853 million acres).

Risk Area 4

This risk area is made up of a section in the eastern part of the
Interlake Region, from just south of Lake St. George to Lake
Winnipeg, including Gimli and Beaconia and a section to the south
that includes the area around Selkirk, Beausejour and Vivian. The
mean yield for this risk area is 2032 kg/ha and the C.V. is the
fifth lowest at 38.1 per cent. The risk area is one of the
smaller areas with 0.529 million hectares (1.306 million acres).

Risk Area 5A
This area is the western section of Risk Area 5. It consists of
the Newdale Plain, including the towns of Russell, Birtle,
Minnedosa and Carberry. It is the largest of the two sections in
Risk Area 5, with 0.888 million hectares (2.194 million acres).
The mean yield for this section is 2027 kg/ha and the C.V. is
fairly low at 35.1 per cent.

Risk Area 5B
The second part of Risk Area 5 is in the south eastern, sandy land
region of the province. The northern extreme begins at the
southeast shore of Lake Winnipeg (Grand Beach Provincial Park) and
continues east to Great Falls. There are two southern areas, one
to the south east including the Pinawa and Hadashville areas and
the second is due south to the U.S. border. Risk Area 5B has a
higher mean yield than Risk Area 5A (2149 kg/ha) and a lower C.V.
(34.4 per cent). There are 0.627 million hectares (1.550 million
acres) in this section of Risk Area 5.

Risk Area 5 has an overall mean yield of 2033 kg/ha, which is very
similar to the mean yields of Risk Areas 4 and 6. The level of
variability, however, is comparatively lower at 35.1 per cent.
Risk Area 5 is one of the more favourable areas in terms of
variability in that it has the third lowest C.V. It is the largest
risk area with 1.515 million hectares (3.744 million acres).

Risk Area 6

This region consists of a large portion of the Winnipeg Plain.
It includes most of the Red River Valley from Steinbach to the
U.S. border. The mean yield is moderate at 2034 kg/ha, but the
C.V. is the second highest at 43.7 per cent. It is the sixth
largest risk area with 0.920 million hectares (2.273 million
acres)

.

Risk Area 7

This is the most northern risk area included in this study. It
extends from Red Deer Lake to Duck Mountain Provincial Park,
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excluding the Porcupine Hills, and from the Saskatchewan border
to the western shores of Lake Winnipegosis. It includes the
towns of Camperville, Cowan and Benito. The level of relative
variability is the second lowest of all risk areas in this study
(C.V.=32.1 per cent) and the mean yield is comparatively high
(2210 kg/ha). The area is 1.167 million hectares (2.884 million
acres)

.

Risk Area 8A
This is the south part of Risk Area 8 and it is located in the
south central part of the province. It extends north from the
U.S. border to Notre Dames de Lourdes and west to Morden. The
mean yield of this risk area is 2180 kg/ha and the C.V. is 38.4
per cent. The relative variability and size of this risk area are
average compared to other areas. The size is 0.483 million
hectares (1.193 million acres).

Risk Area 8B
This north section of Risk Area 8 includes the Riding Mountain
National Park area. The mean yield for this section of Risk Area
8 is 2035 kg/ha, which is lower than the mean yield in Risk Area
8A. The level of relative variability, however, is also lower at
32.1 per cent. This section is almost the same size as the
southern section with 0.469 million hectares (1.160 million
acres)

.

Risk Area 8 consists of 0.952 million hectares (2.352 million
acres) with an overall mean yield of 2172 kg/ha, and a C.V. of 38.2
per cent.

Risk Area 9

The Shell River divides this risk area into two sections. The
western section is the area from the Saskatchewan border to Roblin
and south to Lake of the Prairie, and the eastern section includes
the Grandview area north of Riding Mountain National Park up to
Pine River. The mean yield for this small risk area is 2194
kg/ha, and the C.V. is the lowest of all areas at 30.1 per cent.
This combination of minimum variability and fairly high production
potential, identifies this risk area as one of the most favourable
wheat production areas in the province. It is, however, the second
smallest with only 0.289 million hectares (0.714 million acres).

Risk Area 10
This risk area consists of a southern and northern section. The
southern section is located in the south west portion of the
Winnipeg Plain extending south to the U.S. border, including the
towns of Winkler, Carman and Altona. It is
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located between Risk Area 6 and Risk Area 8A. The smaller,
northern section is situated at the south end of Lake Manitoba
around the city of Portage La Prairie. The mean yield is 2288
kg/ha, which is the second highest in the province, but the C.V. is
39.0 per cent. The total area of this risk area is 0.398 million
hectares (0.983 million acres).

Risk Area 11
This risk area has a total area of only 0.070 million hectares
(0.173 million acres). It flanks the Red River, south of Risk
Area 6 and east of Risk Area 9. The southern edge of this risk
area is the U.S. border including the town of Emerson. The mean
yield of 2383 kg/ha is the highest of all the areas, but the level
of relative variability is fourth smallest (C.V. =37. 8 per cent).

2.7. RELATIONSHIP OF THE NEW RISK AREAS TO THE FREQUENCY OF YIELD
FAILURE

The data in each risk area were examined to identify the frequency
of zero yields (harvest was not completed in a quarter section in
a given year) and the frequency of yields that were less than a
given level of production guarantee. Several levels of production
guarantees were used because coverage levels are being increased
under the new Crop Insurance legislation. Results are shown in
Table 13.

The frequency of zero yields in all areas was low. Risk Areas 5B,
8B and 9 had the lowest frequency at about 0.5 percent, whereas
Risk Areas 4 and 6 had frequencies of approximately 3.0 percent.
The provincial average frequency of zero yields was 1.8 percent.

The production guarantee is the area average yield multiplied by a
critical yield level. It is similar to coverage levels employed in
crop insurance. The data in Table 13 show that these ranged
widely, depending on the risk area mean yields and the critical
levels chosen.

As would be expected, varying the level of critical yield from 60
per cent to 80 per cent had a large influence on the frequency of
"production failure", i.e. the number of times that farm yields
fell below the production guarantee. The average provincial
failure rate at the 60 per cent yield level was 14.7 per cent,
whereas it was 20.3 per cent at the 70 per cent level and 27.4 per
cent at the 80 per cent level. Risk Areas 7 and 9 had failure
rates as low as 9.7 per cent and 8.5 per cent, respectively, at the
60 per cent production guarantee, while only Risk Areas lA and IB
had failure rates exceeding 21 per cent. These results were
consistent with the expected frequencies based on a normal
distribution, and the relative variabilities (C.V) reported in
Table 11. At the 80 per cent critical yield level the rates of
failure were approximately 25 per cent in Risk Areas 7 and 9, and
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34 per cent in Risk Areas lA and IB. Four areas had failure rates
between 2 and 2 5 per cent, seven were between 2 5 and 3 per cent
and three exceeded 30 per cent at the 80 per cent critical yield
level.

Increasing critical yield levels would have significant impact on
any future safety net programs and they would have to be carefully
accommodated to ensure the actuarial soundness of these programs.
Also each area would have to be assessed individually because the
frequency of failure is dependent on the level of relative
variability (C.V.). Assuming a normal distribution and a low C.V.
(30 per cent) the expected frequency of failure would range from
11.6 per cent at the 60 per cent critical yield level to 25.1 per
cent at 80 per cent critical yield level. Comparative frequencies
at higher levels of relative variability (40 per cent) are from
18.7 to 3 3.0 per cent. These expected values are similar to the
actual values reported in Table 13 at similar levels of relative
variability.

3. SUMMARY AND CONCLUSIONS

The final risk areas identified in this study were developed from
spring wheat yield data and soil biophysical information. They
reflect natural yield variability that is often beyond the ability
of the farmer to control. The effects of management were minimized
by using only data from continuous or stubble rotations with
nitrogen application rates of at least 44.8 kg/ha (40 Ibs/ac)

.

Approximately 125,000 wheat yield records over a 25 year period
(1964 to 1988) were extracted from the Manitoba Crop Insurance
Corporation questionnaire files. These yield values were
integrated into a geographic framework called Agroecological
Resource Areas (ARAs) , based on natural features that reflect
production potentials. The yield data from each ARA were examined
by a series of statistical procedures, to identify and compare the
spatial and temporal variability of yields. ARAs were grouped
together if they passed four statistical measures of similarity and
possessed similar soil/geographic characteristics. Several
conclusions can be drawn from the results of this study:

1) The 31 ARAs used in this study were initially grouped into
15 statistically distinct areas. However, by considering
soil biophysical characteristics, these statistically defined
areas were refined into 11 Risk Areas in which three were
subdivided.

2) The risk areas derived from this study differ from the risk
areas currently used in Manitoba in several ways. There is
an increased use of natural features to define boundaries,
because natural features are a characteristic of the original
ARA boundaries. Also the areas are defined on the basis of
means, standard deviations and the pattern of annual mean
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yield. This adds new dimensions to the identification of
risk areas, in that it incorporates the evaluation of yield
variability as an integral component in defining levels of
risk. The ARAs are required to have similar mean yields and
standard deviations overall, as well as similar patterns in
annual mean yield to be identified as areas of equal
production risk.

3) The risk areas defined in this study are sometimes comprised
of several non-contiguous units. Although this is to be
expected, it differs from the traditional approach where each
area was a continuous geographic region. The cause of the
yield variability within each unit in a single risk area may
be different, but all units react similarly in terms of yield
variability. The size differentials between risk areas is
also greater in the ARA-based risk areas than it is in the
current risk areas in Manitoba.

4) The methodology that was developed to identify risk areas for
this study can be used for other crops in the province,
providing that there are adequate numbers of observations,
spread over a sufficient number of years. This methodology
can also be applied to other provinces, where similar data
are available.

5) The risk areas developed in this study are specific to spring
wheat. Although other spring seeded cereals (except maize)
could be expected to perform somewhat similarly, this is not
the case for other crops such as oilseeds or forages.
Therefore other risk area maps would have to be developed for
these crops.

6) Increasing the level of critical yield has dramatic effects
on the frequency of yield failure, and this would have to be
carefully accommodated in any new program. Each area would
have to be treated separately due to the varying levels of
mean yields and relative variability.

The results of this study provide a statistically and
scientifically sound evaluation of yield variability and production
risk throughout the agricultural area of Manitoba. It provides the
basis for redefinition and refinement of risk areas for crop
insurance, but at the same time provides fundamental guidance for
all other safety net programs. Based on proper knowledge of yield
levels, variability and risk, these programs can be more equitable,
more financially self-sustaining and more easily administered.
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5. APPENDICES

APPENDIX 1. File preparation and data flow chart
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Appendix 2. Graphic descriptions of c[ualifying ARAs

ARA 1 Figure 1:

FREQUENCY DISTRIBUTION OF WHEAT YIELDS
ARA 1 0BS=2297

1 2 3 4 5 6 7 a 10 11 12 13 U 15 16 17

YIELD CLASS

ARA 1 Figure 2:

CUMULATIVE PROBABILITr DISTRIBUTION OF MCAT YIELDS

ARA 1 0BS=2297

l2J4567C9l0n
YIELD CLASS
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ARA 1 Figure 3:

AVERAGE WHEAT YIELDS FOR ARA 1
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ARA 1 Figure 4:

S.D. FRCM THE K£AN WHEAT YIELDS
FOR ARA 1
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FREQUENCY DISTRIBUTION OF WHEAT YIELDS
ARA 2 OBS=1210

0.00 - 0.33
0.34 - 0.67
0.6B - 1.00
1.01 - 1.3*
l.3i - 1.63

1.69 -2.01
2.02 - 2.35
2.38 - 2.e0
2.09 - 3.02
3.03 -3.36
3.37 -3.69
5.70 - 4.03
4.04 - 4.36
4.37 - 4.70
.71 - 5.0*
5.05 -5.37
a.3&«

1 2 3 4 5 6 7 a 10 11 12 13 U 15 16 17
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ARA 2 Figure 2:

CLMUUTIVE PROBABILITY DISTRIBUTION OF WHEAT YiaOS
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ARA 2 Figure 3:

AVERAGE WHEAT YIELDS FOR ARA 2
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ARA 2 Figure 4:
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YEAR

Doto Sourc«:i1onlt«ba Crop Inturone* Corporollon
Outilionnoira 107^IO&5
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ARA 3 Figure 1

FREQUENCY DISTRIBUTIOTnI OF WHEAT YIELDS
ARA 3 0BS=H39

I
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ARA 3 Figure 2:
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ARA 3 Figure 3:

AVERAGE WHEAT YIELDS FOR ARA 3
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ARA 4 rigure 1:

FREQUENCY DISTRIBUTION OF WHEAT YIELDS
ARA 4 OBS=573
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ARA 4 Figure 3:

AVERAGE WHEAT YIELDS FOR ARA 4.
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ARA 5 Figure 1:

FREQUENCY DISTRIBUTION OF WHEAT YIELDS
ARA 5 OBS= 16278
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ARA 5 Figure 2:
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^RA 5 Figure 3:

AVERAGE WHEAT YIELDS FOR ARA 5
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ARA 6 Figure 1

FREQUENCY DISTRIBUTION OF WHEAT YIELDS
ARA 6 0BS=2633
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16 76 - 80 5.05 - 5.37
17 814- 5.3B*

10 11 12 13 U 15 16 17

YIELD CLASS

ARA 6 Figure 2:

CUMULATIVE PROBABILITY DISTRIBUTION OF W€AT YIELDS

ARA 6 OBS=2633
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ARA 6 Figure 3:

AVERAGE WHEAT YIELDS FOR ARA 6

! 1 1 1 1 1 ^ 1 1 1 1 1 1 1 J 1
9 » 9 d » 9 9 9 9 9 9 9 9 9

7 7 7 7 7 7 7 6 B 6 B B a 6 8 e
3 4 S 6 7 6 9 1 2 3 4 5 6 7 a

YEAR

• Represents jreort that hove were thon 10 reported yields

ARA 6 Figure 4:

S.D. FRCM THE MEAN WHEAT YIELDS
FOR ARA 6

YEAR

Dot4 SourcezManltobo Crop Iniurone* Corporolicn
Ouiit lonnoire 107^1flSS
Nitrogen Level: 4:kg/ho4
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/\RA 7 n^ure 1:

FREQUENCY DISTRIBUTION OF V/HEAT YIELDS
ARA 7 OBS=9780

t 2 3 4 5 6 7 B 10 11 12 13 U 15 16 17

YIELD CLASS

ARA 7 Fl^ur« 2:

OMJLATIVE PROBABILITY DISTRIBUTICW Cf V^HEAT YIELDS

ARA 7 OBS=9780

1 2 3 4 5 S 7 6 9 10 11 12 13 U IS 16 17

YIELD CLASS
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ARA 7 Figure 3:

AVERAGE WHEAT YIELDS FOR ARA 7

n—I—I—I—I—rn—i i i i i i i i—n

—

i—r—i—i—

r

1 1 t t 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 ^

« 6 9 9 9 9 9 9 9 e 9 9 9 9 9 6
6 6 6 6 7 7 7 7 7 7 7 7 7 7 B 8 8 B B G 6 B B
6 7 a 9 1 2 3 4 5 6 7 8 9 1 2 Z •4 5 6 7 8

YEAR

» Repratentf yor* thot hovt rarr than 10 reportid yUldt
Ali oth«r years art not included In the cnol/tis

ARA 7 Figure 4:

S.D. FRCM the: MEIAN wheat YIELDS
FOR ARA 7

YEAR

Ooto Sourc*:Monlleba Crop Inturonc* Corporod'on
Outtllennoira 19Cfl-IC&A
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ARA 8 Figure 1:

I

FREQUENCY DISTRIBUTION OF WHEAT YIELDS
ARA 8 OBS=5305

kQ/ho(«1000)
6.00 -0.33
0.34 - 0.67
0.6B - 1 00
^.o^ - y.i*
\.Xt - 168
1.69 - 2.01
2.02 - 2.35
2.30 - 2.ea
2.69 - 3 02
3.03 - 3.36
5.37 - 3.69
3.70 - 4.03
4.04 - 4.3«
4.37 - 4.70
4.71 - 5.0*
5. 05 - 9.37
5.3&«

7 8 « 10 11 12 13 14 16 16 17

YIELD CLASS

ARA 8 Figure 2;

CU^LATIVE PROBABILITY DISTRIBUTICN OF VWEAT YIELDS

ARA 8 OBS=5305

1 2 3 4 5 6 7 a 9 10 11 12 13 15 17

YIELD CLASS
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fi^A 8 Figure 3:

AVERAGE WHEAT YIELDS FOR ARA 8

1—I—I—I—n—I—I—I—I—I—I

—

ri—I

—

1 I I—r-j—i—

r

I 1 1

9
6 6 7
8

1 1

9 9
7 7
Z 9

1 1

9 d
1 1

9 9 d 9 9868666868012345C7B
YEAR

• Repratentt yiort tbot havt nori thort 10 reported ylelda
Alt oth«r yeort ve not Included In tho onol/tlt

ARA 8 Figure 4:

S.D. FRCM THE MEAN WHEAT YIELDS
FOR ARA 8

YEAR

Doto Sourc»:UsnIlebo Crop tniuronc* Corporollon
Qui«liannoir« 19S7.IC&a
Milroprn Level: 42kcAo*
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ARA 9 Figure 1:

FREQUENCY DISTRIBUTION Or WHEAT YIELDS
ARA 9 0BS=7933

kQ/ho(»1000)
0.00 - 0.33
0.34 - 0.67
0.6B - 1.00
1.01 - t.34
1.35 - t.69

1.69 -2.01
2.02 - 2.35
2.38 - 2.CB
2. CO - 3.02
3.03 - Z.2C
0.37 - 3.69
3.70 - 4.03
4.04 - 4.3e
4.37 - 4.70
4.71 - 5.04
5.05 - 5.37

1 2 3 4 S 6 7 8 © 10 11 12 13 14 15 16 17

ARA 9 Figure 2:

CLMULATIVE PROBABILITY DISTRIBUTiaJ OF WHEAT YIELDS

ARA 9 OBS=7933

100

90

eo

70

?-
R
C 80

E
N 40

T

SO

20

10L^^^M
1 2 3 4 5 6 7 a 9 to It 12 13 U 15 15

YIFLD CLA'-.S

17
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ARA 9 Figure 3:

AVERAGE WHEAT YIELDS FOR ARA 9

1 1 1 \ 1 1 1 1 1

« 9 9
6 6 6 6 7 7 7 7 7
e 7 e 9 1 2 3 4

111111111111119999999009009077777Ba8BBBSBB9e7B90129t567B
YEAR

• ftepraacntt ytort that hovt rare then 10 reported yields
All other yeort ere not Inciudtd In \he cnglysis

ARA 9 Figure 4:

S.D. FRCM THE MEAN WHEAT YIELDS
FOR ARA 9

1 1

9 9
e e
a

1 1 1111
9 9 9 9 9 9 9
7 7 7 7 7 7 7
12 3 4 5 6

1 1

9 9
7

1111111199999999oseeaesB
12 3 4 5 6 7 6

YEAR

Doto Sourca'.Monltebo Crrp Inturonct Corporollen
Outttlonnoirn lO&O-tOU
NUropen Level: 42iiB/ho-»
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ARA 10 Figure 1:

FREQUENCY DISTRIBUTION OF WHEAT YIELDS
AP^ 10 OBS=2366

kg/ha(elOO0)
0.00 - 0.33
0.34 - 0.C7
0.6B - 1.00
1.01 - 1.3*
I.3S - i.ca

1.69 - 2.01
2.02 - 2.35
a. 3ft - 2.eo
2.09 - 3.02
3.03 - 3.36

i.37 - 3.C9
3.70 - 4.03
4.04 - 4.36
4.37 -4.70
4.71 - 5.0*
a. 05 - 5.37
5.3&«

1 2 3 4 6 6 7 8 10 11 12 13 U 15 IS 17

YIELD CLASS

ARA 10 Figure 2:

OMJLMIVE PROBABILITY DISTRIBUTIO! OF W-EAT YIELDS

ARA 10 OBS=2366

1 2 3 4 5 6 7 a 9 10 11 12 13 14 15

YIELD CLASS
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ARA 10 Figure 3:

AVERAGE WHEAT YIELDS FOR ARA ^0

9 6 9 9 9
6 7 7 7 7 7
9 12 3 4

11111111
9

7 7 7
7

7 7
9

1 1 1 1 J J 1 1 1999999090BeaddfiSBa01234*078
YEAR

• Reprattntt yiori thot hov« rare thon 10 reported ylaM*
All eth«r >eors ere not Included in tho onol/ds

ARA 10 Figure 4:

S.D. FRCM THE MEAN WHEAT YIELDS
FOR ARA 10

YEAR

Deto Soure»:Menttcbo Crop Inturone* Corporotlon
Oufttlonnoirt 1SS7-I009, 1071-IQeft

Nitrogen Level: 42kg/ho*
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ARA n Figure \:

FREQUENCY DISTRIBUTION OF WHEAT YIELDS
ARA 11 CBS=2147

ko/hQ(»1000)
0.00 -0.33
0.34 - o.e;
0.68 - 1.00
J. 01 - 1.34
I.3S •> 1.69
1.69 -2.01
2.02 -2.35
2.50 - 2.efl

2.09 - 3.02
3.03 - 9.38
3.37 - 3.69
3.70 - 4.03
4.04 - 4.36
4.37 - 4.70
4.71 - 5.04
9.05 -S.37

1 2 3 4 5 6 7 8 10 11 12 13 U 15 16 17

YIELD CLASS

ARA 11 Figure 2:

OMILATIVE PROBABILITY DISTRIBUTION OF V^AT YIELDS

ARA 11 0BS=2147

I 2 3 4 5 6 7 6 10 11 12 13 U 15 16

YIELD CLASS
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ARA 11 Figure 3:

AVERAGE WHEAT YIELDS FOR ARA U

'

I I I I 1 I 1 1 I t 1 1 < i I 1 I >

—
I 1 I 1 1

1 I I 1 1 I I I 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

66667777777777BaBBBBBBB07990120496789012349678
YEAR

• Rapretentt yiors thot hova won than 10 reported yields
All other years art not IrKluded In tho cnol/$li

ARA 11 Figure 4:

S.D. FROM THE MEAN WHEAT YIELDS
FOR ARA 11

T—1 I I I I I 1 i I I I i I 1 1 i 1 I I—

r

111111111111111111111119999999999999999999999966e67777777777590«66eB867690123450769012345678
YEAR

DotQ Sour c*:Manlloba Crop lr>iurenc« Corporotien
Outillonnoira 1960-IQaA
NiUoQen Level: 42lie^^0'*
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ARA 12 Figure 1:

I

FRECJUENCY DISTRIBUTION OF mZAl YIELDS
ARA 12 CBS= 15557

kc/ho(»1000)
0.00 - 0.33
0.34 - 0.67
o.ea - 1 OQ
1.01 - 1.i4
1.35 - i.ea
I.E9 -2.01
2.02 -2.35
2.58 - 2.ea
2.09 - 3.02
3.03 - 3.36
0.37 - 3.C9
3.70 - 4.03
4.04 - 4.3$
4,37 - 4.70
4.71 - 5.04
5.05 - 5.37
a.3&*

to n 12 M 14 15 15 17

YIELD CLASS

ARA12 Fl<jure 2:

OJvlULATIVE PROBABILITY DISTRIBUTION OF VWEAT YIELDS

ARA12 0BS=15967

I 2 3 4 6 6 7 a 9 10 11 12 13 14 15 17

YIELD CLASS
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ARA 12 Figure 3:

AVeRAGE WHEAT YIELDS FOR ARA 12

Tn—I—I—1—I—I—I—I—I—I—I—I—J—I—I—1—I—I—I—I—

r

111111111111008999999BaeoBesBB012345678
1 1 1 1 1 1 1 1 1 1 1 1 1 1

« « 9 9 « 9 9
6 6 6 6 7 7 7 7 7 7 7 7 7 7
e 7 « 9 1 2 3 4 5 6 7 8 9

YEAR

Repraacntt jrtori thai hov* rora thon 10 reported ylald*
All oth«r ycori art net Included In tho cnoly$1$

ARA 12 Figure 4:

S.O. FRai THE MEAN WHEAT YIELDS
FOR ARA 12

I I i I i 1 i I 1 1 I 1 1 I I 1 I i 1 1 I i I

1 1 1 1 1 1 1 t 1 1 1 1 1 1 1 1 t I I 1 1 1 19999999^99999999999999966067777777777888«eeB8867690123456760012345676
YE>R

Doto Source :Montlot>a Crop Ineuronee Corporolion
Qurtllonnoire lOCQ-lfl&A

Nitrogen Level: 2k5/ho-»
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ARA 13 Figure 1:

FREQUENCY DISTRIBUTION OF WHEAT YIELDS
ARA 13 0BS=662

kg/ho(»1000)
0.00 -0.3J
0.34 - 0.67
0.6B - i.oa
t.01 - 1.^4
I.3S - 1.6S
1.69 -2.01
2.02 - 2.35
2.30 - 2. CO
2.69 - 3.02
3.03 - 3.36
3.37 - 3.69
3.70 - 4.03
4.04 - 4.36
4.37 - 4.70
4.71 - 5.0*
a.o^ - 5.37
9.3&+

1 2 3 4 5 6 7 a d 10 11 12 13 14 IS IS 17

YIELD CLASS

ARA 13 Figure 2:

CIMUUTIVE PROBABILITY DISTRIBUTION OF W€AT YIELDS

ARA 13 0BS=6e2

I

1 2 3 4 5 6 7 B g 10 11 13

YIELD CLASS
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ARA 13 Figure 3:

AVERAGE W£M YIELDS FOR ARA 13

M7& 1fi7d 19S0 Icai 1da2 1083 1064 lOSS 1086 1087 tOSS

YEAR

• Rcprettntt jriort thai hovt ror§ than 10 feporled ylklda
All oth«r jrcori ore not included In Ih9 cnolysis

ARA 13 Figure 4:

S.D. FRCM THE MEAN WHEAT YIELDS
FOR ARA 13

T I I I t I I I I I r

107& 1979 1080 I0B1 1S&2 1983 1064 lOdS 1985 1907 1988

Ooto Sourc*:MonIloba Crop Inturonc* Corporotion
Oultllonnoira 1975-10&8
NlUopfn Level: 42li5/ho-»
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ARA 14 Figure 1

FREQUENCY DISTRIBUTION OF V/HEAT V|ELDS
ARA H 0BS=878

kg/)v3(»1003)

0.00 - 0.33
0.34 - 0.C7
0.6B - 1 00
1.01 - 1.34
1.35 - 1.63
1.69 - 2.01
2.02 - 2.33
2.30 - 2.e8
2.09 -3 02
3.03 - 3.36
i.37 - 3.69
3.70 - 4.03
4.04 - 4.36
4.37 - 4.70
4.71 - 5.04
5.05 - 6.37
a.3&*

1 2 3 4 6 « 7 8 d 10 11 12 13 U 13 15 17

YIELD CLASS

ARA 14 Figure 2:

CUvOJUTIVE PROBABILITY DISTRIBUTION OF VWEIAT YIELDS

ARA 14 OBS=878

1 2 3 4 & 6 7 e 9 10 11 12

YIELD CLASS
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ARA 14 Figure 3:

AVERAGE WHEAT YIELDS FOR ARA 14

T 1 1 1 1 1 1 1 1 1 \ r

1977 ld7d 1fi7& 1080 1981 1982 198:1 lOSi lOaS Id&Q 1987 1988

YEAR

• Reprtianti ytorw thot hov« mart than 10 reported yUlds
All other ><ors ore net included In the cnolysis

ARA 14 Figure 4:

S.D. FROM THE MEAN WHEAT YIELDS
FOR ARA 14

T 1 J 1 1 1 1 1 1 1 1 1

1977 1978 1879 1920 1981 1982 1S&3 1664 1935 19B6 1S87 isea

YEAfl

Deto Sourct'.Monttobo Crop Iniuronet Corpoiotion
Ourttlonnoira 1977-lflAa
Nilroptn Uvel: 42k8/ho4
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ARA 15 Figure 1:

FREQUENCY DISTRIBUTION Or" \^HLAT YIELDS
APA 15 OBS=767

\

kq/ho(»1000)
0.00 - 0.3J
0.34 - 0.67
0.6B - 1.00
t.Ol - 1.J4
1.35 - 1-69

J. 69 -2.01
2.02 - 2.35
2.20 - 2.ea
2.09 -3.02
J, 03 - 3.30
3.37 -3.69
3.70 - 4.03
4.04 -r 4.3S
4.37 - 4.70
*.71 - 5.0*
5.05 - 5.37
&.3&«

1 2 3 4 5 6 7 a fi 10 11 12 13 14 15 16 17

YIELD CLASS

ARA 15 Figure 2:

CLWULATIVE PROBABILITy DISTRIBUTION OF U£A1 YIELDS

ARA 15 03S=767

I
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ARA 15 Figure 3:

AVERAGE WHEAT YIELDS FOR ARA 15

1 I i I I I I I I 11 1

1077 1d7fl 197tf 1080 IfiSI 1082 1083 10&4 lOaS tfi&fl 1S37 198B

yZAR

» Repretanit ytert thot hov* nare then 10 rtporltd yield*
All oth«r yeorc ere not Inclutftd In tho cnol/sls

ARA 15 Fl.gure 4:

S.D. FRCM THE MEAN WHEAT YIELDS
FOR ARA 15

1 1 1 1 1 1 1 1 1 1 1 r

1077 197a 197S 1030 1031 1062 1S&3 1954 1985 1066 1967 ISBS

YEAR

Doto Sovjrc*:itenttoba Crop inauronc* Cotporotion
Quiil'icmnoire 1977>IQ&a
Nilroptn L«vel: 42Ko/ho-»
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ARA 16 Figure 1:

FREQUENCY DISTRIBUTION OF WHEAT YIELDS
ARA 16 OBS=958

ko/ho(»1000)
0.00 - 0.33
0.34 - 0.C7
0.68 - 1.00
1.01 - 1.3*
\.2b " i.ca

J.69 -2.01
2.02 -2.35
2.50 - 2.eQ
5.09 - 3 02
3.03 - 3.36
3.37 - 3.69
3.70 - 4.03
4.04 - 4.3S
4.37 - 4.70
4.71 - 5.04
5.05 - 5.37
5.3&*

6 6 7 a a 10 11 12 13 U 15 16 17

YIELD CLASS

ARA 16 Figure 2:

OMULATIVE PROa^aiLITV DISTRIBUTION OF WHEAT VIELDS

ARA 16 OBS=958
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ARA 16 Figure 3:

AVERAGE V/HEAT YfELDS FOR ARA 16

T I I i I ^1 I I I I I I T

1d7a 1977 \Q75 1fi7» 1080 1081 1032 1083 10a4 loas lOfiQ t0S7 IfiSQ

\£AR

• Htptmttnlt jrtort that ho*t mre than 10 reported yields
All 6thcr yton ere not Included In IKt onaljrsis

ARA 16 Figure 4:

S.D. FROM THE MEAN WHEAT YIELDS
FOR ARA 16

1 1 1 1 J 1 1 1 1 J I I r

1076 1977 1976 1979 1980 lOBl 1982 1983 \9&i 1985 1086 1987 1988

YE>^

Doto Soure*:hionUeba Crop Inaurone* Corporolion
Ouiitlonnairo 1976.1070-^933
NUropen Level; 42kg/ho*
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ARA 17 Figure 1:

FREQUENCY DISTRIBUTION OF WHEAT YIELDS
ARA 17 OBS=320S

30

P20
I
R
C
E
N
T

10

UM

kg/ho(»1O00)
0.00 - 0.J3
O.U - 0.67
o.eB - 1.00
1.01 - 1.24
1.34 - 1 63
1.69 -2.01
2.C2 -2.35
2.36 - 2.C8
2.C9 - 3.02
3.03 - 3.36
3.37 - 3.69
3.70 - 4.03
4.04 - 4.3S
4.37 - 4.70
4.71 - 3.04
5. 05 - 5.37
5.3B4

1 2 3 4 5 6 7 a 10 11 12 13 U 15 16 17

YIELD CLASS

ARA 17 Figure 2:

CUMULATIVE PROBABILny DiSTRlBUTiaj OF V^HEAT YIELDS

ARA 17 OBS=3203

100

90

eo

70

£ 60

R
C 50

E
N 40
T

30

20

101

1 2 3 4 5 6 7 a 9 10 11 12 13 15 16

YIELD aASS
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ARA 17 Figure 3:

AVERAGE WHEAT YIELDS FOR ARA 17

YEAR

» RaprcuntB yaort thot hov« mora than 10 reported yialda
All oth«r ytors art not included In tho onQlytlt

fiGBBesse
1 2 3 4 5 7 8

ARA 17 Figure 4:

S.D.

s

N
D
A
R 9
D

B'

FRCW THE MEAN WHEAT YIELDS
FOR ARA 17

1—I

—

\—

T

T 1I r 1 r 1 r

YEAR

Data Soufc*:Man! tobo Crop Iniurone* Corpoiotior
Ouittlonnotre 1972-1574, 197&-1S;3
Nilropen Level: 42kg/h0'»
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ARA 18 Figure 1:

FREQUENCY DISTRIBUTION OF WHEAT YIELDS

ARA 13 0BS=657

kg/ha(»10C0)
0.00 - 0.31
0.34 - 0.67
0.6B - a.oa
J.Ol - \.i*
\.2t - 1 £9
1.69 - 2.01

2.02 - 2.35
2.36 - 2.e0
2.e9 - 3.02
3.03 - 3.3C

J.37 - 3.69

i.70 - 4.03
i.04 - 4.JS
4.37 - 4.70
4.7t - 5.04
S.Ci - 5 37
£.3&4

1 2 3 4 5 6 7 8 10 11 12 1i 14 15 16 17

YIELD CLASS

ARA 18 Figure 2:

CIMILATIVE PROBABILITY DISTRIBUTION OF WHEAT YIELDS

ARA 18 OB$=657

1 2 2 4 S 6 7 B 9 10 11 I

YIELD CLASS
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ARA 18 Figure 3:

AVERAGE WHEAT YIELDS FOR ARA IS

1 I I i I i I I 1 I ' I I T

1d7fl 1977 1fl78 197d 1080 19Bt 1fi82 1983 19&4 ID^L 19BB Ida? tfiSa

YEAR

» Represtntt yaort thot hova rera tho» 10 reported yields
All Other >eor$ are not Included In the «nol>'Sis

ARA 18 Figure 4:

S.D. FRCM THE MEAN WHEAT YIELDS
FOR ARA 18

T 1 1 1 1 1 1 1
1
—

~T 1 1 r

1976 1977 t97a 1979 1980 1061 1982 1963 1934 19S5 10B6 1987 1956

YEAa

Doto Sour c*:Manllobo Crop Inturonc* Corporotion
Outtllonnoire 1970. I07a-ig£3
Nitrogen Level; 42l^B/^o
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ARA 19 Figure 1:

FREOUENCY DISTRIBUTION OF WHEAT YIELDS
ARA 19 OBS=2108

10 n 12 13 U 15 16 17

YIELD CLASS

ARA 19 Figure 2:

OMJLATIVE PROBABILITY DISTRIBUTION OF W€AT YIELDS

ARA 19 OBS=2108

I

1 2 3 4 5 6 7 a 10 11 12 13

YIELD CLASS
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ARA 19 Figure 3:

AVERAGE WHEAT YIELDS FOR ARA 19

r--T"-TT"—r-—I— r- '

1 -T- r- T-—r-—I—
""I"-7—-1

j 1 1 1 1 1 1 1 1 1 1 1 1 1 1

9 9 9 9 9 9 9 9 9 9 9 9 G
7 7 7 7 7 7 e 8 8 a 8 8 a 8 B
4 9 6 7 9 9 1 2 5 4 5 e 7 6

YE/^

• R«pras«ntt jriort thot hov* nor* than 10 rcportfd yields
All Other >tor$ at not included In th« cnolysU

ARA 19 Figure 4;

S.D. FRCM THE MEAN WHEAT YIELDS
FOR ARA 19

YEAR

Dgta Sourc»:Monrtoba Crop Iniuronc* Corporotion
Outillonnoira 1974-tOfia

hi Ircprn level : 42kc/')0'*
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ARA 21 Figure 1:

\

FREQUENCY DISTRIBUTION OF WHEAT YIELDS
ARA 21 OBS=3063

kfl/ho(»1000i
O.OO - 0.33
0.34 - 0.C7
0.6a - VCO
J. 01 - ^.i^
I.3S - 169
1.69 - 2.0t
2.02 -2.35
2.50 -2.€a
2.09 - 3.02
3.03 - 3.38
i.37 - 3.69
3.70 - 4.03
4.04 - 4.36
*.37 - 4.70
4.71 - 5.04
5.05 - 5.37

1 2 3 4 5 6 7 8 10 11 12 13 14 15 16 17

YIELD CLASS

ARA 21 Figure 2:

OWULATIVE PRD9ASILITV DISTRlBUTiai OF VWEAT YIELDS

ARA 21 OBS=3063

1 2 3 4 5 e 7 a 9 JO 11 12 13 14 15

YIELD CLASS
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ARA 21 Figure 3:

AVERAGE WHEAT YIELDS FOR ARA 21

1 1 t J 1 I J I 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1OOdOftO&fl0gSg9050990990966667777777777BaBBBBBBB07090123456789012345678
YEAR

• RcpraMfiti jriori thot hova snr* than 10 reported yields

All oth«r >cors ere not included in the cnolysit

ARA 21 Figure 4:

S.D. FRCM THE MEAN WHEAT YIELDS
FOR ARA 21

YEAR

Deto Sourc«:Monl lebo Crop Iniurone* Corpo'otlon
Culttlcnnalre 19Sa-ISr.8, 197>.1S;flS

Nltrogrn Level: 42kg/ho*
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ARA 22 Figure 1:

FREQUENCY DISTRIBUTION OF WHEAT YIELDS
ARA 22 OBS=1083

1 2 3 4 5 6 7 B 10 11 12 13 U 15 16 17

YIELD CLASS

ARA 22 Figure 2:

OMJLATIVE PROBABILITY DISTRIBUTION OF VMEAT YIELDS
ARA 22 OBS=1083

1 2 3 4 5 6 7 8 9 »0 n 12 13 U 15 16 17

YIELD CLASS
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ARA 22 Figure 3:

AVERAGE WHEAT YIELDS TOR ARA 22

1 1 1 1 7 1 1 1 1 I 1 \ 1 1 1

« S 9 8 9 8 8 9 8
7 7 7 7 7 7 8 d B 6 8 B 8 a B
4 5 6 7 8 9 ^ 2 i 4 5 C 7 8

YEAR

» Repretcnii yiert thot hova rara thon 10 reported yields
All oth«r ;eor» era not Included In Iho cnolysls

ARA 22 Figure 4:

S.O. FROM THE MEAN WHEAT YIELDS
FOR ARA 22

YEAR

P«ta Sowrc»:Manitot>o Crop Inauronc* Corporolion
Queitlonnaiia 197«.1r7^.198a
Nilropen L«v«l; 42^i/l.o-t



78

ARA 26 Figure 1:

FREQUENCY DISTRIBUTION OF WEAT YIELDS
ARA 26 OBS=1560

kg/ho(»1000)
0.00 - 0.33
0.34 - C.C7
0.6B - 1.00
1.01 - 1.J4
1.3S - 1.63

1.69 -2.0>
2.02 -2.35
2.35 - 2.08
2.e9 - 3.02
3.03 - 3.3C

i.37 - 3.69
- 4.03
- 4.36

4.37 - 4.70
.7t - 5.04
5.05 - 5.37

1 2 3 4 5 6 7 B 10 11 12 13 14 t5 16 17

YIELD CLASS

ARA 26 FlQure 2:

OMULATIVE PROBASILITY DISTRIBUTION OF WHEAT YIELDS

ARA 26 OBS=15eO

t 2 3 4 5 6 7 B 10 11 12 «3 17
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ARA 26 Figure 3:

AVERAGE WHEAT YIELDS FOR ARA 26

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 J 1 1

9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9
6 6 7 7 7 7 7 7 7 7 7 7 a e 8 8 6 Q B 6
e 9 1 2 4 9 8 7 6 9 1 2 3 A 5 9 7 8

YEAR

» Reprtsenti /ton thot have wart than 10 reported yields
All oth«r >eors ore not Included In th« onolysis

ARA 26 Figure 4:

S.D. FRCM THE MEAN WHEAT YIELDS
FOR ARA 2e

YEAR

D«to Sourc»:Manitoba Cfop Inturonca Corporolion
Ouritlonnoira 1668. I0e9, 107^-19133
Nitropen L<v«l: 42k8/ho4
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ARA 28 Figure 1:

FREOUENCY DISTRIBUTION OF V/HEAT YIELDS
ARA 28 085=1190

10 11 12 13 14 15 16 17

YIELD CLASS

ARA 28 Figure 2:

CXI/ULATIVE PROaABILHY DISTRIBUTION OF V.HEAT YIELDS

ARA 28 093=1190
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ARA 23 Figure 3:

AVERAGE WHEAT YIELDS TOR ARA 28

I I1 1

9 g38066668
1 2 3 <4 & 7

1 1

e

^EAH

• Rcpreasnti ;riari thot hflv* rort than 10 rtported ytolda

All other y*ort ore not Included In the onol/sls

ARA 23 Figure 4;

S.D. FRCM THE MEAN WHEAT YIELDS
FOR ARA 23

YE>R

Doto Sourc«:M9nltot)o Crop Iniurone* Corporal Icn
Ou»«ltoAnair« 106S. )07^•19S3
Nilropen Level: 42kB/hot



ARA 29 Figure 1:
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FREQUENCY DISTRIBUTION OF WHEAT YIELDS
ARA 29 OBS=2385

ko/ho(»1000)
0.00 - 0.3J
0.34 - 0.67
0.6B - VCO
J. 01 - 1 34
1.3S - 1.6a
t.69 - 2.01
2.02 - 2.35
2.38 - 2 ea
2.C9 - 3.02
3.03 - 3.3C
0.37 - 3.69
i.70 - 4.03
4.04 - 4.36
4,37 -4.70
.7t - 5.04
5.0^ - 5.37
5.3&4

10 n 12 13 14 15 IS

YIELD CLASS

ARA 29 Figure 2:

CLMULATIVE PROBABILITY DISTRIBUTICfJ OP WHEAT YIELDS

ARA 29 CBS=2388

1 a 3 4 6 6 7 8 9 10 U 12

YIELD CLASS
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^A 29 Figure 3:

AVERAGE WHEAT YIELDS FOR ARA 29

T—;—I—I—

r

1 1 1 1 1 1 1 1 1 1 1 1 1 1 ^ 1 1 » 1 1 1

9 9 9 9 9 9 9 9 9 9 9 9 g 9 9 9 9
e 6 7 7 7 7 7 7 7 7 7 7 sec B Q 8 8 8 B

9 1 2 3 4 » 7 6 9 1 2 3 4 5 C 7 9

YE/R

• n«pre«cntfl /lora Ihot hev* mart than 10 reported yield*
All other jreors ore not Included In the cngl/iU

^RA 29 Figure 4:

S.O. FRCM THE MEAN WHEAT YIELDS
FOR ARA 29

YEAR

Data Sourc*:Uon]loba Crop Iniuronc* Corporolion
Quvillonnoir* 19CS, I0&9. l972-19S!i

IMrocen Level: 42ke/hot
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ARA 31 Figure 1:

FREQUENCY DISTRIBUTION OF V/HEAT YIELDS
ARA. 31 085=1497

10 n 12 13 U 15 IS 17

YIELD CLASS

ARA 31 Figure 2:

CLMJLATIVE PROBABILITV DISTRIBUTIW OF WHEAT YIELDS

ARA 31 OBS=1497

1 2 3 4 5 6 7 a 9 JO 11 12 U 15 17

YIELD CLASS
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/J?A 31 Figure 3:

AVERAGE WHEAT YIELDS FOR ARA 31
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» Rspraicnti /ton thol hov* fer» than 10 reported ylalda

All oth«r years ere not Included In tho onol/i'is

ARA 31 Figure 4:

S.D. FRCM THE MEAN WHEAT YIELDS
FOR ARA 31
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6 6 e 7 7 7 7 7 7 7 7 7 7 8 8 8 8 B 8 8
7 B 9 1 2 3 4 5 6 7 B 9 1 2 3 4 5 6 7 8

YEAR

Oato Soure*:Meniloba Crop loiuronc* Corporolion
Ourtltonnoira 1907-1070. 1972-1CSS
Milrcpci Level: 42kc/h9*
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ARA 33 Figure 1

FREQUENCY DISTRIBUTION OF WHEAT YIELDS
ARA 33 0B3=19e5

kq/ho(»1000)
0.00 - O.JJ
0.34 - 0.67
O.CB - 1.00
1.01 - I.J*
I.3S - i.ea

1.69 -2.01
2.02 - 2.J5
2.38 - 2.efl

2.09 - 3.02
0.03 - 3.36

3.37 - 3.69
3.70 - 4.03
4.04 - 4.36
4.37 - 4.70
4.71 - 5.04
5.05 - 5.37
5.3&*

1 2 3 4 5 6 7 a 10 11 12 13 14 15 16 17

YIELD CLASS

ARA 33 Figure 2:

CUMULATIVE PROBABILITY DISTRIBUTION OF V^EAT YIELDS
ARA 35 OBS=1965

1 2 3 4 5 6 7 a 9 10 11 12 13 14 17

YIELD CLASS
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ARA 33 Figure 3:

AVERAGE V^KEAT YIELDS FOR ARA 33

\
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a 9 g G 8 9 9 fi 9 9 9
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7 A 9 1 2 9 4 a 6 7 d 9

1 1 1 1 J >> 1 1999909999BBdaeSBBB12045C7e
YEAR

• Rapreacntt ytort that hov* nort thort 10 reported yields
All ottMf >eQrs are not Included in the <3n<3i/iis

ARA 33 Figure 4:
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FRCM THE MEAN WHEAT YIELDS
FOR ARA 33
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9 9
8 8
2 3

1 1

9 9
8 8 6 8
5 6 7 6

YEAR

Doto Sourc»;Monilobo Cfop Iniu^onc* Corpoiotion
Outll'ionnowe igG7-ICM
Nilrepen Level: 42kg/ho*



88

ARA 34 Figure 1:

FREQUENCY DlSTRIBUTiaJ OF WHEAT YIELDS
ARA 34 OBS= 10821

1 2 3 4 5 6 7 8 10 11 12 13 U 15 16 17

YIELD CLASS

ARA 34 Figure 2:

CUMULATIVE PROBABILITY DlSTRIBUTiaJ OF VHEAT YIELDS
ARA 34 0B$= 10821

1 2 3 4 S € 7 8 10 11 12 13 t4 15 16

YIELD CLASS
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ARA 34 Figure 3:

AVERAGE WHEAT YIELDS FOR ARA 34
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All pth«r jrcort art not included In the OAOlysit

ARA 34 Figure 4:

S.D.

s

A 11
R
D ID

D 9

V
^

. 7

b 8

FRCM THE MEAN WHEAT YIELDS
FOR ARA 34

I > I I 1 I I I I I I I 1 I I 1 I I I I I I 1 1

1 1 1 1 1 1 1 t 1 1 1 1 1 I 1 1 1 1 1 1 1 » 1 « 1999999999996999999999^99966666677777777776688688884567690123456769012345678
YEAR

Doto Seurc*:Monltoba Crop Inturene* Corporollon
Ouifllonnoira 106*-tCfiA

Ntlrogen Lev4t; ISig/ho*
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ARA 35 Figure 1:

FREQUENCY DISTRIBUTION OF WHEAT YIELDS
ARA 35 OBS= 18478

O.OO -0.33
0.34 - 0.67
0.6B - VCO
1.01 - 1.24

1.3S - V68
1.69 - 2.01
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2.60 - 3.02
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70 - 4.03
,04 - 4.36
37 - 4.70
71 - 5 04
,05 - 5 37

S.3&i

^^^^a.
10 11 12 13 14 15 16 17

YIELD CLASS

ARA 35 Figure 2:

CUMULATIVE PROBABILITY DISTRIBUTION OF VMEAT YIELDS
ARA 35 0B$= 18478

1 2 3 4 5 6 7 a 9 10 n 12 13 14 15 16 17
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ARA 35 Figure 3;

AVERAGE WHEAT Y'ELDS FOR ARA 35

1 1 I I i 1 I I i 1 i I I 1 1 I > I i 1 1 1 1
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2 9 4 & e 7 8

YEAR

• Repratenlfl jrisri thot have mart than 10 reported yields
Ail oth4r ycort ore not IncluOed In the onal/sit

ARA 35 Figure 4:

S.O. FRCM THE MEAN WHEAT YIELDS
FOR ARA 35
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YEAR

D4to Soutcc'.UsnttetO Cfop lniuronc« Corporolio'
Outtlionnoir* 19C5-I0U
Nitrogen Level: 42keAo4
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ARA 36 Figure 1:

FREQUENCY DISTRIBUTION OF \4'HEAT YIELDS
ARA 36 OB$=3263

bu/oc kg/ho

(

0-5 0.00
6-10 0.34
11 - 15 0.6B
16 - :o 1.01
21-25 1.35

26 - W I.C9
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70 - «0 5.05
8U 5.3S«

1000)
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-2.35
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- 3.69
- 4.03
- 4.36
- 4.70
- 5 04
- S.37

Ea=c=.
1 2 3 A 5 6 7 a 10 11 12 13 14 15 16 17

YIELD CLASS

ARA 36 Figure 2:

CUMULATIVE PROBABILITY DISTRIBUTION 07 V\HEAT YIELDS
ARA 36 0BS=3263

1 2 3 4 S 6 7 a d 10 11 12 13 14 15

YIELD CLASS
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ARA 36 Figure 3:

AVERAGE WHEAT YIELDS FOR ARA 36
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» Repraianli ytort tbet hov* mora than 10 rcporttd yields
All Other >eors ore rot Included In tho onolysls

ARA 36 FIguro 4:

S.D. FRCM THE MEAN WHEAT YIELDS
FOR ARA 36

YEAR

Doto SowrcAtMoni tobo Crop Insurcnc* Corpoiolion
Outf* lonnoir* 19C0-I9SS
Nitrogen L«vel: 4r»iO''''c*
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ARA 37 Figure 1:

FREQUENCY DISTRIBUTION OF WHEAT YIELDS
ARA 37 085=269

1 2 3 4 5 6 7 a ID 11 12 13 14 15 16 17

YIELD CLASS

ARA 37 Figure 2:

CUMULATIVE PROBABILITY DISTRIBUTIOI OF VkHEAT YIELDS
ARA 37 OBS=269
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ARA 37 figure 3:

AVERAGE WHEAT YIELDS FOR ARA 37
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> Repreaenti yion thot hova nra thon 10 reported ylalda
All other jrcors ere not Included In the 4n3ly$1s

ARA 37 Figure 4:

S.D. FRCM THE MEAN WHEAT YIELDS
FOR ARA 37
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ARA 39 Figure 1:

FREQUENCY DISTRIBUTIOI^I OF WVIEAT YIELD?
ARA 39 CBS=654

kQ/ha(»10CO)
0.00 -0.33
0.24 - 0.67
0.6B - i.oa
J.OJ - 1.3*
1.35 - 1 ca
J. 69 - 2.01
2.02 - 2.35
2.30 - 2.ea
2.63 - 3.02

03 - 3.36
37 -3.69
70 - 4.03
04 - 4.36
37 - 4.70
71 - 3.0*
05 - 5 37
3&«

1 2 3 A 5 6 7 8 10 11 12 1i U 15 16 17

YIELD CLASS

ARA 39 Figure 2:

CUMULATIVE PROBABILITY DISTRIBUTION OF VvHEAT YIELDS
ARA 39 OBS=654
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ARA 39 Figure 3:

AVERAGE WHEAT YIELDS FOR ARA 39

"I 1 1 1 1 1 1 1 1 1 1 1 r
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YEAR

• R*pr«*ent« yaort that hov« nara thon 10 rcporttd ylclcJ*

All eth«r jTcori ore not included In tho <noiys)t

ARA 39 Figure 4:

S.D. FRCM THE hwCAN WHEAT YIELDS
FOR ARA 39
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Doto Sourc•:M^nUo^o Cfop Inauronc* Corporotlon
Ount innnoira 107a-tCM
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APPENDIX 3. Frequency of dissimilar comparisons for each step of the grouping
criteria for each qualifying ARA

Level of the criteria
% (number) Total Passed all

AKA Mean S.D. Pattern R value dissimilar criteria

1

2
3
4
5

6
7

8
9

10
11
12
13
14
15
16
17
18
19
21
22
26
28
29
31
33
34
35
36
37
39

83.3 [25)
20.0 18)
46.7 14)
26.7 8)
50.0 15)
30.0 9)
66.7 20)
46.7 14)
36. 7< 11)
46.7 14)
36.7 11)
36. 7( 11)
43. 3( 13)
36.7 11)
20.0 6)
16.7 5)
50.0 15)
20.0 6)
56. 7< 17)
36. 7( 11)
23.3 7)
23.3 7)
20.0 6)
40.0 12)
36.7 11)
83.3 25)
83.3 25)
40.0 12)
83.3 25)
3.3 1)

16.7
1 5)

3.3( 1)
26. 7( 8)
23. 3( 7)
26. 7( 8)
23. 3( 7)
36. 7( 11)
13.31 4)
20. 0( 6)
30. 0( 9)
26. 7( 8)
33. 3( 10)
33.31 10)
13. 3( 4)
30.01 9)
43. 3( 13)
6.7( 2)

33. 3< 10)
30. 0( 9)
13. 3< 4)
23. 3( 7)
23.3 7)
53.3 16)
60.0 18)
23.3 7)
36.7 11)
0.0 0)
6.7 2)

30.0 9)
6.7

[ 2)
0.0 0)
6.7

[ 2)

0.0( 0)
3.3( 1)

13. 3( 4)
6.7( 2)

10.01 3)
10. 0| 3)
3.3( 1)

10. 0( 3)
6.7< 2)

13. 3( 4)
20.0 6)
10. 0< 3)
16. 6< 5)
30.0 9)
26.7 8)
23.3 7)
3.3 1)

30.0 9)
10.0 3)
10.0 3)
20.0 6)
20.0 6)
10.0

[ 3)
23.3

[ 7)
10.0

[ 3)
10.0

[ 3)
10.0

( 3)
30.0

[ 9)
6.7 ( 2)

93.3 (28)
46.7 (14)

6.7( 2)
0.0( 0)

10. 0( 3)
16. 7( 5)
13. 3( 4)
16. 7( 5)
10. 0( 3)
10. 0( 3)
13. 3( 4)
10. 0| 3)
3.3 1)

10.0 3)
20.0 6)
3.3 1)
10.0 3)
43.3 13)
13.3 4)
20.0 6)
16.7 5)
26.7

[ 8)
23.3

[ 7)
3.3

[ 1)
6.7

( 2)
3.3

( 1)
16.7

( 5)
6.7 ( 2)
0.0 ( 0)
0.0 ( 0)
3.3

( 1)
0.0 ( 0)

30.0 ( 9)

93.
90.
93.
76.
96.
93.
93.
86.
86.
96.
96.
90.
93.

100,
100.
90.

100,
100,
96,
96,
90,

100,
96,
90,

100,
100,
100,
100,
100,
96,

100,

3( 28)
0( 27)
3( 28)
7( 23)
7( 29)
3( 28)
3( 28)
7< 26)
7 26)
7 29)
7 29)

27)
3 [28)
[30)
(30)
(27)
(30)
(30)

7 (29)
7 (29)
(27)
(30)

7 (29)
(27)
(30)
(30)
(30)
(30)
(30)

7 (29)
(30)

6.7( 2)
10. 0( 3)
6.7( 2)

23. 3( 7)
3.3( 1)
6.7( 2)
6.7( 2)

13. 3( 4)
13.3 4)
3.3 1)
3.3 [1)

10.0 (3)
6.7 (2)
0.0 (0)
0.0 (0)
10.0 (3)
0.0 (0)
0.0 (0)
3.3 (1)
3.3 (1)

10.0 (3)
0.0 (0)
3.3 (1)

10.0 (3)
0.0 (0)
0.0 (0)
0.0 (0)
0.0 (0)
0.0 (0)
3.3 (1)
0.0 (0)
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