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ABSTRACT 

The purpose of this research is to review and compare feeder cattle price recording 

efforts of auction marts and govemmentai agencies. The paper also provides three 

methods to evaluate the relationship of feeder cattle prices within Manitoba and in 

comparison to Aiberta, Ontario and the U.S. This analysis of marketing opportunities for 

feeder cattle could therefore determine optimal timing of production and provides an 

evaluation of spatial marketing alternatives. 

Price data fiom January 1994 to May 1998 were sumrnarized fiom two sources. 

One source was actual sale sheets fiom rural Manitoba auction markets. The second data 

set, compiled from secondary sources, allowed an analysis of more distant markets. A 

three tiered analytical approach was undertaken for steers and heifers utilizing both sets of 

data. Seasonality, cointegration / spatial integration, and least significant digerence testing 

were applied to price senes. The reason for the three tiered approach was that each of the 

tests by themselves may not be strong enough to provide reliable results. 

Seasonality results revealed that producers who decide to feed cattle to heavier 

weights need to take seasonal price variation into accuuri? more so than producers who 

sel1 calves at weaning. Further the results suggest that seasonal pnce patterns are similar 

across market regions. This £indimg is supported by the cointegration results found for 

Manitoba markets. These fhdings therefore suggest that in the long run producers would 

not benefit £tom evaluating spatial marketing strategies. Further analysis of more distant 

markets lead to rejection of market eEciency 21% and 43% of the time in steer and heifer 



markets. W e  anaiysis of the causes behind these market imperfections is beyond the 

scope of this investigation, the price rankings across market regions do not suggest that 

transportation cost is the only factor contributing to price daerences in regional markets. 

Manitoba Agriculture may be advised that the curent record keeping methods are 

satisfactory. Further, results f?om the mean group rankings across market regions show 

that a large number of markets are either not separable or rank Manitoba markets as a high 

paying province. This suggests that producers could be advised to market their cattle at 

the closest auction mart. 
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CHAPTER 1 

INTRODUCTION 

1.1. Introduction 

Chapter 1 outfines the reasons of why a study involving marketing opportunities 

for Manitoba feeder cattle producers was undertaken. A hypothesis is cleariy stated in this 

chapter and defines the area of analysis. wth the hypothesis stated, study objectives are 

identifïed and a description of the remaining chapters is given. 

1.2. Problern S tatement 

The purpose of this research is to review and evaluate the relationship of feeder 

cattle pnces across regional cattle markets within Manitoba and in cornparison with 

Alberta, Ontario and the U.S. Changing market and agricultural policy conditions may 

have lead to further attention being paid to feeding cattle in Manitoba. 

Grain pnces have become more volatile with the introduction of changing 

agicultural policy both within Canada, the changes associated with the Western Grain 

Transportation Act, the termination of transport subsidies for grains, and the United 

States, the introduction of the Federal Agricultural Improvement and Reform Act allowing 

for more planting flexibility. In Manitoba another impact is that producers are weighing 

different options to add value to their grains through fùrther processing. Included in these 

options is the feeding of cattle to heavier weights. This requires an analysis of marketing 

opportunities for feeder cattle which would look to determine optimal timing of 



production and evaluation of spatial marketing alternatives. In other words, when should 

calves be produced, bought or sold and which market terminais should be used to sell or 

buy cattle. 

To this end, cattle price series fiom auction marts within Manitoba wilf be 

compared against one another. For exarnple, Figure 1 .1  on page 7 shows a compaiison of 

weekly # M O 0  steer pices across the four major markets of Brandon, Winnipeg, Grunthal 

and Ste. Rose. While pnces for this weight group may move in a similar fashion, it c m  

not be determined from this graph which market, ifany, consistently pays the highest or 

lowest price. Figure 1.2 shows the steer pnce relationship across weight categories for 

the Brandon market alone. While lower weight categories typically sell at higher pnces 

this may not always be the case as shown in 1996 when feed pices were exceptionally 

high. Farmers interested in feeding cattle may in fact want pnces for #50 increments to 

make better feeding decisions. They may also be happy with #200 categories as long as 

price gaps between weight categorieç would provide sufficient information to identify 

optimal feeding strategies. As outlined below, this analysis atternpts to answer some of 

these questions. 

Since a large number of feedlots are located outside of Manitoba, price 

cornpansons will also extend to Alberta, Ontario, and US. feeder markets. The analysis 

will consist of three interrelated testing methods which will include an exarnination of 

seasonality, spatial market integration and efforts to rank various market outlets by price 

across weight categories and gender. 



Results of seasonaiity testing will describe the seasonal price pattem for feeder 

cattle in Manitoba. Seasonal variations are studied because of an interest primarily 

centered on pnce movements. Knowledge of a stable seasonal pattern can help producers 

adjust production practices so that animals will be ready for sale during high pnce periods 

rather than low price periods. 

Spatial market integration test results wilI determine if feeder cattle markets 

throughout Manitoba; and between Alberta, Manitoba, Ontario, and the U S  are spatially 

integrated, that is, do price fluctuations in one market simultaneously cany over to al1 

markets. Overail, it is expected that feeder cattle markets within a close proxirnity to one 

another will be spatially integrated and thereby support the law of one price. This is done 

by examining whether price changes in one market are reflected by sirnilar price changes in 

other regional markets. These expectations are due to the fiee movement of Iivestock 

between markets and fiee access to information concerning the market regions in 

question. What does this mean for marketing practices of the producer? If the law of one 

price holds, it rnay be  fair to Say that on average producers would not be better off by 

seeking marketing opportunities across market regions as price ditferentials between 

markets are merely a function of transaction costs such as transportation costs. For the 

producer this means transporting market cattle to the closest auction man, as a search for 

higher market prices would not yield additional returns in the long mn. 

Third, statistical tests will be performed to rank vanous market regions by pnce to 

determine if certain market regions can be consistently identified as top paying. In this 

ranking process a second objective is to idente whether pnce reporting may be 



streamlined by combining pnce information ~ o m  #IO0 weight categories into #200 weight 

categories without a loss of information to the producer. 

Finally, results from these three testing procedures are used in conjunction to 

determine if producers should look for marketing and production alternatives for their 

cattle. Since this analysis covers only a relatively short penod, January 1994 to May 

1998, it is expected that the interrelationship of the results will play a key role. In other 

words, test results of the various testing procedures need to point to the same conclusion 

to strengthen the outcome of this research. 

1.3. Eypothesis 

The nul1 hypothesis for this study is stated as follows: 

There is no difference in feeder cattle pnces between markets except for 

transportation cost s, fixed transaction costs and differences in exc hange 

rates. 

This hypothesis contends that if markets are not integrated andor offer different 

seasonal patterns, then cattte producers may have profitable options to consider in the 

marketing of animats. Producers may be able to choose between s e h g  their calves at 

weaning, retaining their caives over the winter months, and/or grazing them for a summer 

to maxirnize profits by analyzing prices across regional markets and/or various weight 

categories. The analysis thus considers the impact of gender, weight, and region on the 

Ievel of pnces paid to producers. 



1.4. Specific Study Objectives 

This study of feeder cattle markets will provide information on whether market 

prices for feeder cattle are uniform across markets or if gains may be made by transporting 

cattle further distances. Results rnay provide producers with the knowledge of when and 

where to seiI and at what weight the cattle should be sold to rnaximize profits. Specific 

objectives are outlined as foilows: 

Objective # 1: 

Analyze seasonality in Manitoba cattle pnce to determine if seasonality differs 
across market regions and or weight categories. This should answer whether 
market prices behave in a sirnilar fashion across regions and are therefore spatially 
integrated and whether seasonality in pnces rnay lead to changes in the timing of 
production, especially in light of expected feeding of cattle to heavier weights. 

Objective #2: 

Provide marketing suggestions to producers on the basis of long run spatial market 
integration tests. Do market effects in one region translate to equal effects in other 
regions or do pice series diverge over time and thus oEer an opportunity for 
marketing cattle in more distant market regions? 

Objective $3: 

IdentiS, whether market regions can be ranked according to price and thus provide 
directions for producers to purchase/sell in the lowest/highest paying markets. 

Objective $4: 

Provide suggestions for Manitoba Agriculture on what pnces to report given their 
current record keeping activities vis a vis the US reporting system. 



1.5. Study Overview 

Each of the foUowing chapters in this research describes the process of bringing 

the previously stated objectives to cornpletion. Chapter 2 provides background 

information on the sources of price data and the data adjustments that were necessary. 

Chapter 3 outlines the statistical and mathematical testing procedures involved to arrive at 

the results and discussion presented in Chapter 4. Chapter 5 sumarizes the results found 

in this research highlighting study implications and giving suggestions for further research. 
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CEIAPTER 2 

DATA 

2.1. Introduction 

In addition to outlining the source of price information the following section 

details the adjustments that were made to the data to convert from daily auction mart sale 

data to monthly prke data. The discussion continues with a review of conversions that 

were made to the monthly data to allow for impartial testing across regions. Among these 

changes are accounting for the exchange rate in the U S  data and converting pnce data 

into Iogarithmic price data. 

2.2. Data Sources 

Price series for #3-400, #4-500, $5-600, #6-700, tf7-800, #8-900, #9-1,000, and 

# 1,000+ feeder steers and heifers were entered fiom sales sheets of rural auction markets 

in Manitoba that were provided by Manitoba Agiculture (see Appendk A). The sale 

sheets contain a considerable amount of Xormation for each sale day which would occur 

anywhere fiom one to four times per week. In addition to recording high and low pices 

for feeder heifers and steers, auction marts also report on high and low prices for various 

groups of slaughter anirnals -- i.e. heifers, steers, cows and bulls. The quantity of animals 

sold are listed as separate totals for slaughter and feeder cattle which made quantity 

weighted average cornparisons between weight categories and gender impossible. Price 

senes for each weight category were generated by taking the mid-point of the high and 



low price with the assumption that the price distribution would be syrnmetric in the 

absence of more detailed information. 

As some markets are selling a higher percentage of da iq  cattle, which tend to 

trade at lower prkes, it may be argued that it would be better to take the high end of the 

price range as representative of the top quality beef cattle across all markets whereas a 

rnidpoint is representative of al1 types of cattle. In other words, using the rnidpoint rnay 

introduce bias because of different cattle types sold in the market. A further issue, 

however, is that the top pnce may not necessarily go to top quality cattle but cattle that is 

available in the appropriate quantity (Le. selling a truck load instead of a single animal or 

just a few head). Further, some Manitoba markets do not provide the top pnce but 

provide instead the most likely or representative price for that trading day. In light of al1 

these factors to consider, the rnidpoint of given pnce ranges is a reasonable alternative 

&en that some of the effects mentioned above would cancel each other out in a large data 

set. Using the rnidpoint or average price is also a cornmon practice used by Manitoba 

Agiculture and Agriculture Canada. 

The Manitoba price data ffom January 1994 through May 1998 contained a total 

of 1 1,268 observations. To simple analysis simple weekly and monthly averages were 

taken of the observations, thereby giving 9,378 weekly and l,3 8 1 rnonthiy observations 

for Brandon, Grunthal, Ste. Rose, and Winnipeg markets resulting in 46 complete price 

series for feeder steer and heifers across various weight categories. 

Monthly data for the Alberta, Manitoba, and Ontario markets was obtained from 

Canfax in Calgary, Alberta with complete data series on pnces for #3-400 to #8-900 



heifers and #4-500 to #9-1,000 steers. Daily data for the greater Wyoming market area 

was obtained from the Livestock Marketing Information Center in Lakewood, Colorado. 

4,144 weekly observations in #50 increments were condensed into 477 monthly 

observations by taking simple monthly averages. These monthiy pnces were t hen 

converted to Canadian dollars fiom exchange rates obtained fiom the Canfàx Website. 

The final transformation of the monthly data was to convert it into logarithrnic f o m  for 

reasons discussed in Section 3.3.2. 

2.3. Data Issues 

The starting date of 1994 was used as consistent data across weight categories and 

markets were only availabIe fkorn that date foward. Further, market intervention in the 

form of tripartite payments effect data pnor to 1994 making analysis across market 

regions difficult. 

Market regions were also chosen on the basis of data availabdity and market 

access. Deciding what areas to compare was based on the ability to find consistent data 

for as many years as possible. In addition, markets had to be close enough so that 

producers would consider them given the incentive. 

The ability to chose markets based on pnce received is important for producers. 

The added costs of shipping and loss of weight that occurs during longer hauls needs to be 

less than or equal to the profit gained from shipment before a profit maximizing producer 

will consider shipping animals to distant markets. Table 2.1 shows the mileage a producer 

would be willing to travel ifoffered an extra dollar per hundred weight. The table 



dustrates that the number of cattle per load is dependent on the weight of anirnals. The 

total value increase per dollar per hundred weight is calculated by the number of animals 

per load, multiplied by the weight divided by 100. This value divided by the total variable 

cost of hauling per mile provides the marginal increase in distance a producer is willing to 

travel if offered an additional dollar per hundredweight. For example, if a producer were 

to look at hauling cattle where the average weight was #650, the calculation would use the 

number of cattle hauled at that weight, 14, multiplied by 650 divided by 100. This works 

out to the producer receiving an extra $9 1.00 for this load of cattle. Taking this value and 

dividing by the total variable cost of $1.17 per load per mile, traveled back and forth? 

indicates that the producer would haul within a radius of 78 km for the gain. Comparing 

this to the actual kilometers between markets in Table 2.2, we can see the o d y  reasonable 

trade off would be between Winnipeg and Grunthal. The distance between markets and 

the price being offered for cattle in the other markets does not j u s t e  the added 

transportation costs of hauling to the Ste. Rose or Brandon markets for the price 

difference of one dollar per hundred weight. 



Table 2.1 Impact ofPnce Change on Market Radius. 

Assurnptions: Tmck charges $0.70/km return, with a driver charge of $12.00/hr traveiing at an 
average speed of SOkm/hr which amounts to $0.30/km retuni, Trader charge @ 25% of mck 
charge or $O.l7/krn return for a total variable cost of $l.l7/km return. A 7';u20' gooseneck câttle 
trailer is assumed. 

# of Animals Average Weight Total Value Increase per Change in Market Radius 
per Load of Animal S/cwt Increase in Pnce in km 

18 f i 50  $5 1 .O0 69 

Table 2.2 Mileage Between Markets (in km). 

Winnipeg 

Brandon 

Grunthal 

Ste. Rose 

Markets chosen for Manitoba were based foremost on whether or not a complete 

data series could be obtained. The markets chosen all had substantial cattle sale voIumes 

and are ail located central to prominent cattle producing areas within Manitoba. The total 

quantity of feeder cattle marketed during the 53 month period under review was 

1,879,055 head. The Brandon market received 20% of the total quantity of feeder cattle 

Winnipeg 1 2 14 1 62 

Brandon 

277 

165 

275 

338 

Grunthal Ste. Rose 



marketed in the province, W i p e g  marketed 17%, Ste Rose 11%, and Grunthal 7%. 

These markets thus represented 5 5% of the feeder cattle marketed during this period. 

This makes this analysis reasonably representative of conditions within Manitoba. 

The price series for feeder cattle had f 3 y  six missing observations, which 

accounted for about 4% of the total data points for the Manitoba market. Since unknown 

variables found in a steady state series, without disturbances, are abIe to take on the same 

values as the previous variable (P, = P,,), unrecorded consecutive observations of three or 

less were given a value equal to the preceding price (Griffiths, Hill and Judge, 1993). 

Series with more than three consecutive rnissing observations were considered insufficient 

and omitted fkom further analysis. This lead to the loss of the #3-400, and #1,000+ weight 

categories for both heifers and steers in ali markets as weii as the #9-1,000 category for 

the Grunthal market. 

To meet the above cnteria of availability and market access, feeder cattle price 

series representative of Eastern Wyoming and Western Nebraska were chosen as a U.S. 

market outlet. The weight increments recorded for the U.S. cattle auction marts are in 

#50 incrernents. To allow for cornpanson and testing to be done with Canadian markets, 

these weight categories were combined into #100 increments by averaging the #50 weight 

categories in the #IO0 category. Even though the U.S. market had 28% of its pnce series 

missing, it provided the best records of the two U.S. markets considered 

(Wyoming/Eastern Nebraska and Iowa/Southem Minnesota/Southeastern South Dakota 

and Western Nebraska). 

Important information was rnissing in the form of price gaps from markets used for 



this study. For the most part gaps appeared around major holidays when auction markets 

would be closed. The reasoning behind other rnissing information is not clear. It is 

plausible that the person responsible for recording transactions was absent. Nso, during 

sumrner rnonths, cattle are on Pasture and perhaps cattle numbers offered for sale were 

low or nonexistent in certain weight categories making the price received an unreasonable 

representation of market conditions. 

Breaking the mode1 estimation up into short periods to account for gaps would not 

have avoided the problem for all markets. It also would have resulted in models using 

small data sarnples, thereby lirniting the choice of statistical procedures and comprornising 

the value of the resuIts. 

2.4. Conclusions 

Data were summarized from two sources. One source was actual sale sheets from 

m a l  Manitoba auction markets. This data set had very few rnissing observations and 

should aid in the analysis of answering questions as they pertain to marketing within 

Manitoba. A second data set was compiied fiom secondary sources. The U.S. data had 

more missing observations but provided quantity weighted average pnces. This second 

data set will be used to make cornparison across further distances as producers may wish 

to market inter-provincially or internationally. 

Lfpossible, it would have been nice to gather more data and to calculate quantity 

weighted averages for the Canadian data. Implications of differences in cattle quality (beef 



vs. dairy) and non-normal distributions in cattle prices in each of the weight and gender 

categories are thus not testable and present an issue for fbrther research, 



CHAPTER 3 

METHODOLOGY 

3.1. Introduction 

Cattle producers are interested to know ifthey are maxirnizing profits at their 

current selling time and or market location. For exarnple, cornpansons of pnces at 

different times of the year are necessary to show when sales rnay be maxunized and if 

daerences in cattle weights or market regions lead to different seasonal price peaks and 

troughs. Answers to these questions would provide producers with information on when 

to sel1 or hold cattle a d o r  whether profitable opportunities exist to ship cattle to different 

markets. 

A three tiered analytical approach is provided in this paper. First, graphical 

representations of the variation in seasonal indices indicate whether a change in production 

practices will be profitable and to what extent prices dEer across the marketing year in 

each of the Manitoba market regions analyzed. Second, cointegration testing is performed 

to examine whether long-mn pricing differences exist across a11 market regions to see if 

ranchers need to evaluate if market pricing diners sufficiently to make transportation cost 

and risk in transport a feasible option. Finally, least sipnificant dBerence tests allow for a 

price ranking of market regions across al1 weight and gender categories in order to identi@ 

the highest/lowest paying markets. 

The reason for the three tiered approach is that each of the tests by themselves 

may not be strong enough to provide reliable results. Ifresults would point in the same 



direction for aii the tests, however, the anaiysis would provide valuable and reliable 

information for producers. These three analysis techniques are presented in tum in the 

following sections. 

3.2. Seasonality 

Seasonality is the component of price movement that occurs within a year. 

Seasonai variation in cattle prices is often related to climate patterns and associated 

production practices as well as consumer tastes and preferences reflected in changing 

demand for various types of cattle by feedlots and beefpacking plants (Goodwin. 1994) . 

To capture seasonality, econornists often calculate a seasonal index which captures 

monthly deviations fkom the annual average price'. A stable seasonal pattern is one where 

the peaks and troughs generaiiy occur in the sarne months of the year. Given several years 

of rnonthly price data, a seasonal index value can be calculated for each month as follows 

- - Monthly Pnce 
Seasonal Index,,,, 

Average Annual Price 

Index values for the same rnonth may then be averaged across years to remove the 

irregular component of pnce movements (Hamburg, 1983). An index value of 1 implies 

that the monthly pnce is equal to the average annual price, values below 1 indicate a 

monthly pice that is weak relative to the annual price and values above 1 show a monthly 

l A monthly seasonal index was chosen as the daily variation in prices nithin months was less 
on average than the monthly variation in prices within a year. For Brandon #5-600 steers the Mthin 
month and within year price variance fiom 1994 to 1998 was $9.39/mt and $70,73/csvt, respectively. in 
other words, monthiy deviations fiom the average annual price are much larger than daïiy price deviations 
fiom the average monthly price. 



pnce that is strong relative to the annual prîce. The seasonal index thus shows relative 

pnce strengths / weaknesses across a marketing year. It provides a signal for a producer 

to sel1 when index values are above one and to buy when index values are below one. 

To cornpute a seasonal index, a 12-month rnoving average is ofien used as the 

annual average price as it accounts for trend and cyclical components in the pnce data 

(Harnburg, 1983). By comparison a simple annual average pnce, calculated by averaging 

January through December prices, may introduce biases across years as trends are not 

taken into account (Goodwin, 1994). 

Given the cyclical nature of cattle prices, pnce trends are expected in the data and 

therefore the method of calculating a 12-month rnoving average annual pnce is chosen 

even in light of the foilowing two caveats noted with this procedure. One, a 12-month 

moving average Iags behind turning points, and two, the seasonal index series is truncated 

by six observations at both the beginning and end of the price series. For example, in 

Excel, if the data started in ce11 B9 (January) the seasonal index cannot be calculated until 

ce11 C 1 5 (July), as the formula would be 0.5*B9+sum(B 1 O:BZO)+OS *B2 1. 

The difference between the highest and iowest monthly seasonal index value or the 

band width on a seasonal index chart indicates whether or not a change in production 

practice rnay be profitable. A range or bandwidth of 20% of annual average price between 

low and high price months for example would provide a stronger signal to producers to 

change their timing of production to have cattle available for sale in the high pnce month 

than a range of 2%. What is of interest here is whether this range of seasonal indices 

changes across weight categories and how large that range is. For example, a five percent 



range for a #4-500 steer seasonal index with an average price of $1.05 per pound would 

lead to a range of revenue of nearly $24 per head. At the same time, a five percent range 

for a #8-900 steer seasonal index with an average price of $0.90 per pound would lead to 

a range of rsvenue of approximately $38 per head. While a complete analysis of additional 

costs and revenues is beyond the scope of this thesis, at least background information on 

the revenue side of this production timing decision will be shown. 

3.3. Spatial Market Integration or Cointegration Tests 

Modeling of tirne series data can idente  whether the stochastic process that 

generated the data varies with time. For example, perforrning CO-integration tests on 

cattle pnces provides a fiamework to consider long run pnce relationships among cattle 

markets. Weekly and monthly prices tend to be highly variable and often possess 

sipificant trends, which suggests the potential for nonstationarity or non-mean reverting 

behavior in the long run (Gujarati, 1995). Simple correlations and regressions across 

prices in different market areas which are required to test for market efficiency may 

therefore be biased as cornrnon trends in the price series may lead to spunous regression 

results. 

Cointegration tests have been designed with this phenornenon in rnind. They can 

be used to check for a long-mn equilibrium relationship arnong spatiaiiy separated markets 

by testing for CO-movement in the price data. In other words, do disturbances that occur 

in one market region translate to equd effects in other regions or do the price series 

diverge over time? The perception is that econornic forces should prohibit persistent long- 



run deviations from equilibnum conditions, even though short run disturbances may 

occu?. For exarnple, under the LOOP, two price series are expected to move together in 

the long run dEering only by k e d  transaction costs such as transportation costs. 

Therefore, even though individual market prices may Vary extensively on their own, when 

paired, they should not diverge fkom one another in the long run. 

Cointegration tests such as those found in Goodwin and Schroeder (1 99 1) and 

Ardeni (1 989) apped to this logic and are thus used to test for the LOOP as a Ion,- a run 

relationship. Cointegration procedures work on the basis that deviations from equilibrium 

conditions for two econornic variables can be tested by checking on the stationarity of the 

residuaI term that is obtained through a linear combination of the two data series that are 

integrated of the same order and rnay or may not be stationary by themselves. Testing for 

spatial market linkage thus requires a two-step procedure: 1) run individual tests on each 

of the pnce series to check on their order of integration; and 2) check the stationarity of 

the residuals obtained by regressing the two senes against each other. 

3.3.1- Testing for Stationnrity 

A stationary time series is one whose basic properties don't change over time, 

while non-stationary variables have some sort of upward or downward trend. A stationary 

time series therefore must satisQ the following three criteria: 

mean of X, constant over tirne 

' In this analysis the short ~n is a penod less than one year as breeding decisions and therefore 
timing of production decisions are made on an annual basis. Long nin rnay thus be defined as any period 
longer than one year. 



. variance of X, constant over tirne 

simple correlation coefficient between X, and K-, (autocorrelation 

function) depends on length of the lag (k) but on no other variable 

(for ail k). (Studenrnund, 1997) 

Testing for stationarity may be done simply by looking at a graphical 

representation of the series or by utiliiing more cornplex computational methods that 

involve the autocorrelation function (ACF) or Augmented Dickey Fuller tests (ADF). 

Other tests include the standard Durbin-Watson test statistic fiom the first-stage OLS 

estirnate and the estimation of a vector error correction mode1 to test for cointegration as 

in Goodwin and Schroeder (199 1). 

The autoco~elation fùnction oflag k, is achieved by computing a simple 

correlation coefficient between y and y, over n-k such pairs in the data set of n 

observations (Studenmund, 1997). 

Lf ACF values tend toward zero quickly as k increases the variable is said to be stationary 

(Studenmund, 1997). 

The Augmented Dickey Fuller test (ADF) uses the hypothesis that the variable in 

question has a unit root or is nonstationary. Estimating: 

AY, = (Y, - Y,,) = Bo + B,Y,,+ B2t + E, (3 3) 

where t is a time trend variable, Y is the data series in question and E is an error terrn. 



Now the nuli hypothesis of non-stationarity or the existence of a unit root cm be tested 

Mth a special t-test on the B, coefficient as follows (Studenmund, 1997): 

: B,=O 

HA: B,<O 

If the estimated B, coefficient is less than zero, that is the estimated t-statistic is 

greater than the critical value, the null hypothesis of non-stationarity is rejected and it c m  

be concluded that the series is stationary. Note that McKinnon critical t-values diEer fiom 

normal statistical t-values in that they tend to be about 60% higher (Studenrnund, 1997). 

Enders (1995) notes that in checking for station* a person should start with the least 

restrictive model assomption that includes both a constant term @, in equation 3.3) for 

drift in the series and a time trend variable (B,t in equation 3.3) for a trend component. 

Also, as the ADF test has weak power in rejecting the null-hypothesis of non-stationarity, 

further testing with alternative models is not necessary if the least restrictive model is able 

to reject the null hypothesis. 

Finaiiy, if B, = 1 then, the variable has a unit root, and Y, is a random walk process 

where AY, is drawn from a stationary distribution with mean zero (Studenmund, 1997). 

Differencing the data therefore usually makes a series with a unit root stationary. This is 

important, as series may have to be daerenced several times before they become 

stationary. Senes that need to be dserenced once to become stationary are referred to as 

integrated of order one. Similarly, senes that have to be dBerenced n tirnes to become 

stationary are integrated of order n. Testing for order of integration of the 



initial price data is necessary to idente whether senes are integrated of the sarne order 

and ultirnately to test for the LOOP. 

For this study the Augmented Dickey Fuller test was used to run order of 

integration tests on the original pnce series (recall that senes to be regressed against each 

other have to be integrated of the same order in order for the residud term to be 

stationary) and also to test the residual series for stationarity. The tests were performed 

using EWEWS econometnc soRware where adjusted McKinnon critical t-values are 

available. 

3.3.2. Dealing luif h Nonstationarity 

Initial ADF tests revealed that al1 price senes to be evaluated were nonstationary 

and integrated of order one (see Appendix B). Since all price series were integrated of the 

same order they could be regressed against each other to see ifthey were CO-integrated 

(moving together in parailel fashion in the long run so as to indicate that differences in 

prices were simply a function of transactions costs). Linear combinations of two pnce 

series (PL and P2) would produce a residual senes E, that could be tested for stationarity 

using the ADF test shown in equation 3.3 in order to test for the LOOP: 

PL, - a - B P: = et (3.4) 

Lfthe residual series, E, is stationary then Pl and P' are said to be cointegrated, having a 

cointegrating parameter B. With Pl and P' CO-integrated, ordinary least squares 

estimation of equation 3 -4 describes the long run, steady state equilibnum relationship 

between P1 and P' in a spatiaily integrated market (Ardeni, 1989) -- i.e., the markets are 



efficient and do not oEer opportunities for producers to take advantage of marketing their 

cattle in dBerent markets in the long mn. 

As no causation in price movernents between two markets is implied, cointegration 

tests for the relationship between two markets involved the following two regessions, 

PI, = a, + B,P*[ + E, (3 - 5 )  

PI = + B,P~, + pt (3  .6) 

Where PL and P' are k s t  differenced, logarithrnic market prices from two regional markets 

with residuai terms E, and p, The pnce senes are transformed to their natural logarithm in 

order to obtain coefficient estirnates (BA that are eiasticities and to account for overly 

erratic price movements. Ifthe cointegration test shows rejection of the nult hypothesis in 

one specification but not the other, markets are assumed to be efficient as ADF tests have 

weak power to reject market inefficiency. 

To this point the discussion has centered around long run market equilibrium or 

spatial integration. Examination of short run deviations fiom the LOOP, as demonstrated 

by Ravallion, were not tested in this paper as short run deviations from market equilibrium 

are expected to offset each other in the long run. In other words, producers not 

completely aware of short run market imperfections would be no worse off in the long run 

as they would experience both short run gains and losses that would offset each other. 

Only if long-run market imperfections persist would producers become interested in 

analyzing regionai markets for irnproved profitability. 



3.4. Ranking Markets and Weight Categories by Pnce Level 

The interest of ranking markets e o m  the producer perspective, is to have a reliable 

estirnate of the gains that may be realized by selling to alternative markets. While the 

analysis provided in Table 2.1 shows that relatively minor pnce differences c m  make 

aitemative markets attractive to  producers within Manitoba, the question remains which 

markets consistently show such differences to  producers to make firrther transport 

worthwhile. From an industry perspective it enabies auction marts to  comprehend where 

they stand in terms of competitive pricing for their customers. 

A second objective for this type of ranking, aibeit this tirne not across markets but 

weight categories instead, is to see if sufficient pnce difEerences exist across #IO0 weight 

categories to maintain data series to that detail. For exarnple, if a #4-6003 price is similar 

enough to the #4-500 and #5-600 price, then price reporting standards may be lowered 

without a loss of information. Price rankings across weight categories thus can be used to 

review whether or not the data keeping methods of auction marts and Manitoba 

Agriculture are sufficient to capture important pncing information across weight 

categories. 

The foilowing section details the use of ANOVA and least significant dEerence 

(LSD) testing to allow for appropnate price rankings to be made. M O V A  tests are used 

to identi@ whether means d z e r  across market regions as well as weight and gender 

The #200 price series is calcuiated by taking the mid-point of the higher of the pnce highs and 
the lower of the prïce lows of each of the adjoining #100 price series. For example, if the high of the #3- 
500 price was $1.35 and the high of the #MO0 price \vas $1.37, the latter price high would be used for 
the #3-600 price series. 



categories over tirne. These tests are perforrned pnor to running multiple pair-wise 

cornparisons of pnce series that show whether pnces in various subgroups are statistically 

signiiicantly different from one another and therefore may be ranked. 

3.4.1. Anaiysis of Variance Testing 

Analysis of Variance (ANOVA) is used here to compare whether sample means 

are statistically significantly different fkom one another by comparing the within sarnple 

variation to the beîween sarnple variation (On, 1988). By assurning that data sets are 

. .. normally distributed, with means given by p, ,pz.. p, and a common variance d, 

(nl - l)sI2 + ......... .+ (n, - l)s, 2 
s 2 w  = 

......... (nl - I)+ + L n - 1) 
(3 - 7) 

equation 3.7 represents the within sample variance or an estirnate of the cornmon variance 

d, where n,. .-, and s, . .- , are the sample size and variance of each of the t subgroups (Ott, 

1988). The common variance, d. describes the variability of observations ivithiri al1 data 

points. 

Another quantity measunng the vanability between means is also needed and is 

calculated as follows (Ott, 1988): 

- 
Where Yi are the means of the various sub categories, and n is the sarnple size. The test 



S B  ' statistic used to test the equaiity of population means is F = - If the F statistic sw2 - 
assumes a value near one, the null hypothesis cannot be rejected and 

These tests are petformed to test whether pices dEer across weight classes and 

market regions over t h e .  Statistically significant daerences across tirne d o w  the use of 

multiple pair-wise comparisons to be made across market region or weight class to 

determine which subcategories of prices are statisticaily significantly dserent and 

therefore rankable. This ranking procedure is detailed in the next section. 

3.4.2. Pair-luise Cornparison of Means 

A comparison of price means can be performed using an ANOVA F test, which 

indicates whether means are si@cantly difEerent fiom one another. A process called 

multiple comparison methods will be used to analyze mean dEerences. Multiple 

comparison tests refer to methods that test one comparison among three or more means. 

This process provides more detailed information about the differences in means than in a 

standard pair-wise comparison. 

The most straightfonvard manner to test multiple comparisons is to do a t-test on 

each set of means. Following SAS, for the ith and/th means you can reject the null 

hypothesis that the population means are equal if: 



Where yi and yj are the means, n, and nj are the number of observations in each of 

the cells, s is the root mean square error based on v degrees of fieedom, a is the 

significance level, and t(a;v) is the two-tailed critical value from the t-distribution. If 

sample sues are equai, then the above equation can be rewritten as: 

where the value of the nght hand side is Fisher's least significant difEerence (LSD). 

The Least Significant Dinerence (LSD) test procedure in SAS is used as a control- 

wise error rate and provides price rankings across various subcategories after performing 

multiple pair wise comparisons of prices deemed appropriate only f i e r  the F-test has 

shown significant differences over time. The LSD is dehed  as the observed difference 

between two sample means necessary to declare corresponding population means dzerent 

(Ott, 1988). By comparing specified means of the same months throughout the time fiame 

of the study, the results will show if there is a statistical difference between market regions 

or weight classes and if mean group rankings may be established. For a specified value of 

alpha, the least significant difference for comparing sarnple means is 

where f a  is the critical value at a significance level of a set at 5 %. If subcategory 
- 
2 

means of prices ( y  ) di&r by more than the LSD value calculated in 3.1 1 it rnaybe 

concluded that 95% of the tirne it would be correct to state that these means differ and 



- - 
therefore are rankable. Thus, when - Y/ > LSD for i+j, the mean price dinerence is 

signifïcant and a ranking order can be established. 

FoUowing SAS (I982), in testing more than three rneans one rnust distinguish 

between the expenment-wise error rate under the cornplete nuU hypothesis, in which al1 

population means are equal, and the experirnent-wise error rate under a partial null 

hypothesis, in which some means are equai but others differ. A preliminary F test controls 

the experiment-nise error rate under the cornplete nuU hypothesis (EERC) but not the 

experiment-wise error rate under a partial null hypothesis (EERP) or under the maximum 

experiment-wise error rate under any complete or partial null hypothesis (MEER). By 

setting the cornpanson-wise error rate (CER) to a sufficiently small value, the MEER can 

be controlled at the a level. The Bonferroni inequaiity has been used in many studies for 

this control, and follows as: 

where c is the number of comparisons, and the MEER is less than a. The use of a 

Bonferroni t-test with the option of MEER < a declares two means to be significantly 

different i f :  

where ~=a/(k(k-1)/2) for the cornparison of k means. If there is an equdity in the sample 

size, then this test can be reduced to: 



3.4.3. Conclusions on Price Rankings 

Both ANOVA, minimum si@cant dserence (MSD) and LSD tests will be 

performed on the price series which are taken over tirne and grouped by market region 

and weight ctass. Pnce rankings can then be estabiished across various markets within 

each weight and gender class of feeder cattle to sati* the objective of ranking various 

markets. To test for the efficiency of pnce information in #IO0 increments, new #ZOO 

price series are generated and tested for LSD in Brandon and Winnipeg markets for both 

steers and heifers. Sub group rankings will therefore reveal if certain markets (defined by 

sex and location) offer consistently higher prices when compared to other markets and 

whether prices may be grouped into #200 categories. 

3.5. MethodoIogy Summary 

In summary, this chapter outlines three methods of analysis that are used to review 

differences in prices and pncing efficiency in spatially separated feeder cattle markets. 

Seasonality testing enables us to identG whether dserences exist between auction marts 

and weight ranges. The Augmented Dickey Fuller tests permit the testing of stationarity 

of p r i e  and residud series required to draw conclusions about whether the law of one 

pt-ice holds in the long run. Finally, analysis of variance and mean group rankings through 

the establishment of least significant dxerences, and minimum significant differences allow 

ranking of market regions and weight classes by pnce. 



Reviewing of results across these intemelated analysis techniques should lead to 

concurrent justification of market efficiency conclusions and marketing suggestions for 

producers. For example, if markets are considered CO-integrated (the law of one price 

holds and prices are expected to move in a parailel fashion), they should aiso exhibit 

sirnilar seasonal pnce variation across market regions. Finally, pnce rankings shouId be 

possible if markets are efficient, as the LSD, MSD and BonFernoni procedures utilize 

multiple pair-wise cornparison techniques - i-e. dzerences in market pnces across regions 

are tested at the same point in tirne and thus transactions costs should provide for stable 

dzerences across market regions. However, markets could also be CO-integrated and not 

rankable if price dEerences between markets are very small. Finally, the reverse does not 

hold. Markets that are separablehot separable in means do not have to be 

efficienthnefficient. The ranking process thus may confirm cointegration results but 

cointegration tests cannot confirrn the ranking process. Given these limitations, LSD and 

MSD results will only be used to identify market rankings for producers and to test the 

efficiency of the current price reporting procedures. 



CHAPTER 4 

RESULTS AND DISCUSSION 

4- 1. Introduction 

This chapter presents the results obtained fiom the data analysis of feeder cattle 

prices. The fust section covers the analysis of seasonality in feeder cattle prices. The 

second looks at the analysis of spatial market integration. Findy, the third and fourth 

sections cover the rankings of markets and weight categories found through least 

significance daerence testing. The concluding section sumrnarizes the findings by 

discussing the intemelationship of al1 the test results. 

The following notation is used throughout this chapter. Al1 p k e  series are 

identified with two letters and two or three nurnbers. The first letter denotes the market 

location or region (B = Brandon, G = Grunthal, R = Ste. Rose, W = Winnipeg, A = 

Alberta, M = Manitoba, O = Ontario and U.S. = US.  market -- greater Wyoming region). 

The second Ietter identifies the gender of the cattle (H = heifer, S = steer). Finally, the 

weight classes are represented by the last two digits (34 = #3-400, 45 = M-500, 56 = #5- 

600, 67 = #6-700, 78 = #7-800, 89 = #8-900, and 9 10 = #9- 1000). 

4.2. Analysis of Seasonality in Manitoba Feeder Cattle Prices 

Seasonality Tables C. 1 through C.8 in Appendix C show the seasonal index values 

for feeder steers and heifers for Brandon, Grunthal, Ste. Rose and Winnipeg terminal 

markets using monthly price data kom January 1994 to May 2998. The index values are 



presented for each weight category for each marketing month in the year. A calculated 

value of oneAess than one/more than one indicates that the price in that month is equd 

toAess thadmore than the annual average price. The last colurnn in each table describes 

the range of seasonal index values that were observed across the marketing year. Recall 

that the range in seasonal index values provides a proxy for the profitability of a change in 

the timing of production. A large range irnplies a greater justikation for change and, 

ceteris paribus, the same range in seasonal index values represents a larger impact on sales 

per head in heavier weight categories than lighter weight categones. 

Tables C. 1 through C.4 show the results for feeder steers. A11 markets show the 

same trend of a larger range in the lighter and heavier weight categories and a smaller 

range of index values for the rniddle weights. This may be an important signal for 

backgrounding operations that feed calves to heavier weights in particular. First, a 

relatively large range indicates that timing of production is important and second, the sales 

impact per head is much larger for the heavier cattle. Compared to cowkalf operations 

that would sell their calves at weaning, backgrounding operations would therefore be 

advised to pay more attention to the timing of their production. For exarnple, the heavier 

weight animals tend to have price peaks earlier than the lighter weight categories (August 

vs. September or October). 

In the heifer market, portrayed in Tables CS through C.8, the trend is not as 

strong as range values do not change much across weight categories. Large and small 

ranges of index values are apparent in d l  weight categories. Pnce peaks in these markets 

tend to occur in August and September across all weight categories. 



To compare seasondity across market regions, index values f?om TabIes C. 1 

through C.8 are also presented in graphical f o m  in Appendix D. Figures D. 1 through 

D. 12 show differences in seasonality across market regions by cattle gender and for each 

weight categoiy. From visual inspection of figures D. 1 through D. 12, there does not 

appear to be a great deal of variation between markets. Price patterns show sirniiar 

seasonal deviations in ali markets for the sarne weight categones. With that result in mind, 

prices across markets are expected to behave according to the LOOP - Le. prices are 

expected to be cointegrated. 

4.3. Analysis of Spatial Market Integration 

Goodwin and Schroeder (1991) and Ardeni (1989) show that spatial price 

behavior in regional cattle markets is an important indicator of overall market 

performance. Markets not integrated may convey inaccurate pnce information that may 

distort producer marketing decisions and contribute to inefficient product movements. As 

discussed in chapter 3, performing cointegration tests on the data has provided a 

hmework to consider long run pnce relationships among cattle markets. Two sets of 

price data were analyzed in this section. The first set undertook the analysis of four 

markets within Manitoba, while the second set included markets fùrther removed &om one 

anot her. 



4.3.1. Spaîial lntegratrgon in Manitoba Markes 

Regional cattle markets for steers and heifers were compared with one another in 

the same weight division across each market and across weight categories in each market. 

This lead to a total of 13 2 regressions of the type indicated in equations 3.5 and 3 -6 where 

each comparison across two markets is conducted under two specifications with market 

designation reversed between dependent and independent variables. Residuals fiom these 

regression equations were then tested for stationarity to ident@ whether the LOOP holds 

in the long run. Since ail Manitoba cattle price series proved to be integrated of order 1, 

(see Appendix Table B. 1) they could be regressed against each other with the expectation 

of a stationary residual series. Coefficient estimates of the cointegrating parameters B, 

as in equations 3.5 and 3 -6, associated standard errors as well as the t-stat on the residual 

stationarity tests are shown for each set of market comparisons. In addition, R' values 

which were nearly identical across specifications' and market efficiency conclusions are 

presented in the last two colurnns of Tables E. 1 and E.2 for Manitoba steer and heifer 

markets. For example, testing of Brandon and Grunthal #4-500 steer markets lead to 

cointegrating parameter estimates of 0.97 and 0.99 indicating that a one percent change in 

pnces in either market was reflected in the other market. Price movements in one market 

explained 96% of pnce changes in the other market and the residual series was considered 

stationary as both t-stats were above the 3.5 Dickey Fuller critical value. These two 

markets were thus judged to uphold the LOOP. 

4 R2 values are nearly identicai as they are similar to partial correlation coefficients except for 
the constant term. 



In surnrnary, ail but five combinations lead to s ta t ionq residual terms and 

therefore it may be concluded that the LOOP holds or that the Manitoba markets were 

spatially integrated fiom 1994 to 1998. While only five pairs of residuals were 

nonstationary across ail sivty six paired cornparison for steers and heifers these 

observations ail occurred in relation with the Grunthal market. Further investigation of 

this phenomenon was not undertaken but may be worthwhile. Reasonhg rnay lie in the 

fact that the Winnipeg and Gmnthal markets are only 62 km apart and therefore non- 

cornpetitive pricing schemes may be used to attract market cattle. 

While the test results indicate support for the hypothesis that spatial integration 

exists in regional Manitoba steer and heifer markets, they also show that the estimates of 

cointegration parameters are consistent. The fluctuations of cointegrating parameters 

around unity, rangkg fiom a low of 0.82 to a high of 1.12, adds further credence to the 

spatial integration hypothesis as sirnilar percentage pnce changes across markets are 

evident. 

4.3.2. Alberta, Manitoba, Ontario, and the US. 

An equivalent andysis was undertaken for the provinces of Alberta, Manitoba, 

Ontario, and the U.S.. This comparison was conducted to determine whether or not 

prices diverge between further removed markets and thus possibly offer marketing 

opportunities. Provincial and state cattle markets for steers and heifers were tested for 

stationarity. With the price series integrated of order 1, (see Appendix Table B.2) the 

series were then regressed against each other using equations 3.5 and 3.6 with the 



expectation of stationary residual senes. Again, cointegrating parameters (Sd, standard 

errors, residual t-statistics, RZ, and market efficiency statistics are recorded in Appendix 

Tables E.3 and E.4 for steers and heifers, respectively. 

Residual testing lead to the conciusion that not all markets were spatial integrated 

over the penod of anaiysis. Review of the cointegrating parameters and t-values for steers 

and heifers across the four markets showed that market imperfections or non-stationary 

residuai tenns existed for: 

#4-500 and #6-700 Ontario / United States steer markets, 

#4-500, #5-600 and #6-700 Alberta / United States steer markets, 

a #6-700 and #8-900 Ontario / Alberta steer markets, 

#4-500, #5-600 and #6-700 Manitoba / United States heifer markets, 

#4-500, #5-600 and #7-800 Alberta / United States heifer markets, 

#5-600, #6-700 and #S-900 Manitoba / Ontario hei£er markets, 

#6-700, #7-800 and #8-900 Ontario / AIberta heifer markets, 

#6-700 Ontario / United States heifer markets. 

Approximately 21% of the steer market combinations and 43% of the heifer 

market combinations proved to be non-stationary. The larger proportion of market 

ineBciency in heifer markets rnay be a function of heifer pnces being influenced by 

changes in breeding herd populations which Vary across regions. Also changes in 

agicultural policy such as the phase-out of grain transport subsidies through the WGTA 

may affect prairie provinces dflerently than Ontario or U.S. markets. The results also 

show that funker distances between markets may lead to market imperfections that rnay 



be attributable to  a Iack of or costly access to Uifonnation across markets. For example. 

observations on market combinations between Manitoba and Alberta show no market 

imperfections. This is the only combination that holds true throughout the analysis and is 

an expected result as the two markets are the closest to one another arnong this set of 

markets. On the other hand, combinations including Ontario and U.S. markets do show 

some market imperfections. In the Ontario case slow roads and high provincial trucking 

fees rnay keep the Ontario market separate fiom the Western provinces. The reduced 

speed lirnit and road conditions through Ontario rnay mean stock will be in transport for a 

greater length of time than if transporting across the prairies. The increased time on the 

trader sums up to a loss in revenue as the cattie will have weight loss and an increased 

chance of health problems on the way. Ontario too, rnay be innuenced more by cattle 

pricing related to feedlots in the Central and Eastern U.S. market regions. For the U.S. 

market it rnay be contended that market imperfections across Canadian and US .  markets 

rnay be a function of data inconsistency as price senes are simple averages and quantity 

weighted averages, respectively. Agricultural policy changes rnay also Iead to  market 

disequilibrium.. 

The fluctuations of cointegating parameters around unity, have a much larger 

range, fi-om a low of 0.47 to a high of 1.37 than the range of values observed in the more 

integrated Manitoba markets. This adds further credibility to disrnissing the LOOP for a 

Iarger percentage of market cornbinations. 



4.4. Market Rankings by Price Levels across Market Regions 

ANOVA analyses and LSD tests were perfonned on steer and heifer pt-ice data 

from January 1994 to May 1998. Two sets of data, one for pnce data within Manitoba, 

and one for pnce data fiom Alberta, Manitoba, Ontario and the U.S. are represented in 

this section. 

4.4.1. Ran kings within Manitoba 

As outlined in chapter 3, ANOVA analyses and LSD tests were performed to 

identiQ whether cattle producers in Manitoba could be advised to look into marketing 

alternatives for their cattle (Le. identifjkg and shipping to the highest paying market). In 

order to do this, ANOVA rnodels were run to evaluate which variables significantly 

influenced the dependent variable. Monthiy feeder steer and heifer pnces (PFC) in vanous 

market regions and across various weight categories were regressed against sale rnonth 

(rn) and market region (1): 

PFC = f (m, 1) (4- 1) 

Since there are six different weight categories for both heifers and steers, twelve models 

analyzed the effect of the same two independent variables, market location (1) and month 

(m), on the dependent variables. A statistically significant impact of the month of sales 

justifies the use of a multiple paired comparison in the LSD, and MSD procedures to rank 

mean groupings. Tables F. 1 and F.2 in Appendix F show the ANOVA results for feeder 

steers and heifers, respectively. Drawing particular attention to the F-values and their 

associated probabilities, to the right of the sale month colurnns, the nu11 hypothesis that 



sale months do not impact sale pnces is rejected at the 1% level of significance across all 

weight categones for both steers and heifers. This indicates that pair-wise cornparisons of 

month to month feeder cattle pnces across various market outlets is appropriate in al1 

cases. In addition, the ANOVA results suggest that the means dif5er across market 

location and that, overail, the mode1 suggests that each observation is different from the 

overall mean. 

With these s i m c a n t  ANOVA results, LSD and MSD tests were performed to 

analyze which market regions showed top pnce performance for each of the dEerent 

weight classes in both feeder heifer and feeder steer markets. Tables G. 1 and G.2 show 

the MSD rankings for the feeder steer and heifer markets, respectively. Listed are mean 

rankings which are based on the observed average pnce, minimum and maximum pnces as 

well as the standard deviation as a measure of riskiness. Coefficient of Variation (CV) are 

also Listed and are calculated by dividing the standard deviation by the mean of a set of 

values. The coefficient of variation therefore captures the relative variability of different 

data sets. A high CV value impIies high relative variability while a low CV value indicates 

less relative variability. The market and weight category with the lowest CV value would 

be considered the least variable and therefore the least risky. The group rankings in the 

right most column of the table exhibit the rankings provided by the SAS output using the 

MSD procedure. The letter A represents the highest ranking and C the lowest ranking. 

Two letters appear in cases where market regions could not be dserentiated to belong to 

the price class above or below. For exarnple, the results in the ##4-500 steer category 

suggest that Brandon is the top paying market on the basis of average price. The group 



ranking 'A' suggests that it is in the top pnce class but that it is also not statistically 

signifïcantly higher than the Ste. Rose, or Grunthal markets as they too have the letter 'A' 

under the goup rank heading. Further Ste. Rose and Gmnthal markets may not be 

differentiated from the Winnipeg market. 

Assigning a numencal ranking scheme to the letter rank of the MSD tests d o w s  

us to sum the rankings and determine regional steer and heifer market pnce leaders across 

dl weight categories. The foUowing point scherne was irnplemented for this purpose: 

A = 4, AB = 3.5, B = 3, BC = 2.5, and C = 2. Assigning the numerical values to the letter 

rankings provided by the MSD test results and adjusting for Gninthal not reporting on #9- 

1000 cattle, we are able to cornplete a price-based ranking for steers and heifers by 

averaging the letter rankings across the weight ranges as folIows. 

> 

Table 4.1. Steer Market Price Rankings within Manitoba 

Market Location 

Ste. Rose 

Brandon 

Notes: ' The Grunthal average is based on f i-500 to #8-900 category results only. 

Average of Letter Rankings 

3 -58 

3 -42 

Winnipeg 

Grunthat' 

The highest steer prices were received by producers that sold to Ste. Rose, 

followed by Brandon, Winnipeg and Grunthal. The dserence in average prices paid 

across markets varied 5 o m  $0.98/cwt in the #9-1,000 category to a maximum of 

3.33 

2.70 f 



$4.72/cwt in the #8-900 category. 

A sirniiar analysis in the heifer market offers the following ranking by again 

caiculating an average ranking across aii weight categories. 

Table 4.2. Heifer Market Pnce Rankings within Manitoba 11 
Market Location 

Brandon 

Notes: The Gmnthai average is based on #J-500 to #8-900 category results only. 

Average of Letter Rankings 

3 -83 

Winnipeg 

Ste. Rose 

The highest heifer prices were received by producers that soId to Brandon, 

followed closely by Ste. Rose, Winnipeg and distantly by Grunthai. The diEerence in 

3 -50 

3.28 

average prices paid across markets varied f?om $0.95/cwt in the #9-1,000 category to a 

maximum of $4.63/cwt in the #8-900 category. Further, the average rankings appear 

closer in the heifer market than the steer market with Grunthal the distant lowest paying 

market in both steer and heifer markets. 

The coefficient of variation values within each weight range are very sirnilar with a 

difference in values ranging from O to 0.02. This indicates that even though producer 

price risk is present, choosing one market over another within a certain weight range does 

not warrant analysis of price risk across market regions in both steer and heifer markets. 



4.4.2. Market Rankings across Alberta, Manitoba, Ontario and U.S. 

A similar set of rankings as those provided in the previous section was also 

calculated for Canadian and US. markets. ANOVA tests were performed to indicate 

whether individual monthly price observations where different across market region, 

month of sale or f?om the overd average feeder cattle price. The analysis is again 

presented first for steers and second for heifers. 

The ANOVA results in tables F.3 and F.4 for steers and heifers, respectively, 

suggest that sale month and market location both influence price levels at least at the 5% 

significance level except for market location daerences in the #8-900 heifer category. 

Thus a multiple pair-wise testing procedure such as the MSD rankings are allowable. 

Although these markets are less spatially integrated they can still be ranked by price level 

as shown in tables G.3 and G.4. 

Applying the same valuation scheme as in the previous section (4.4. l), the steer 

market, with information fiom four market regions in al1 weight categories except the ff9- 

1,000 U. S. market, exhibits the following information. 

Table 4.3. Steer Market Price Rankings across Provinces and the U.S. 
I 

Notes: ' The U.S. average is based on f i -500 to #8-900 category results ody. 

44 

Market Location 

Manitoba 

Alberta 

Ontario 

US.' 

Average of Letter Rankings 

3 -83 

3.67 

3.33 

3.10 



The highest steer prices were received by producers in Manitoba, foiiowed by 

Alberta, Ontario and U.S. markets. The dierence in average prices paid across markets 

varied fiom $2.29/cwt in the #9-1,000 category within Canada to a maximum of 

$10.46/cwt in the #4-500 category across Canada and the U.S. These price ranges are 

larger than those observed in local Manitoba markets and are likely a hnction of 

transportation and transactions costs. 

A similar analysis in the heifer market offers the following ranking by again 

calculating an average ranking across all33400 to #8-900 weight categories. 

II Table 4.4. Heifer Market Price Rankings across Provinces and the U.S. II 
Market Location 1 Average of Letter Rankings 

Alberta 1 3 -92 

Manitoba 4.00 

Notes: ' The U.S. average is based on #4-500 to fC7-800 category results ody .  

Ontario 

U. S.' 

The highest heifer prices were received by producers in Manitoba, followed by 

Alberta, Ontario and the U.S. markets. This time rankings are more spread out than the 

steer rankings. The ciifference in average pnces paid across markets varied fiom 

$1.05/cwt in the #8-900 category within Canada to a maximum of $13.16/cwt in the #3- 

400 category across Canada. The s m d  pnce range in the #8-900 category within Canada 

raises the suspicion that transportation costs are not the only cost dBerences between 

2.92 

2.75 



markets. 

Coefficient of variation results were more sigmfïcant in the more distant markets 

than in the local Manitoba markets. The dserence in CV values within a certain weight 

category ranged £iom 0.02 to 0.12. The largest CV values were consistentIy associated 

with the U.S. market in each category. This implies that the US.  market has the most 

variation in price and therefore signifies higher pnce risk for producers. This high value 

could be due to exchange rates, the number ofgaps in pnce uiformation that were 

assurned in the absence of actual price data or the price gathenng technique (quantity 

weighted vs. simple average prices in the U.S. vs. Canada). 

4.5. Weight Category Analysis 

Manitoba Agriculture is interested in knowing whether pnce reporting can be 

reduced to two hundred pound categories without sacrificing producer ùiformation 

obtained fiom pnce analysis across weight categories. This question cm be answered 

with two successive MSD tests. First, a ranking of prices by weight classes needs to show 

the expected results that 1) weight categones show statistically signdïcantly different 

means and 2) that the lowest weight category provides the highest price with successively 

higher weight categories ranking successively lower in pnce. Second, new $200 weight 

classes are introduced such as a #4-600, #5-700, #6-800, #7-900 and $8-1,000. ANOVA 

and MSD tests are performed on these new, as weU as old senes, to see if the above two 

rules of mean separation by weight class and orderly ranking fiom lowest weight class to 

highest weight class hold. If the order or the mean separation does not hold, a producer 



would be faced with insufficient information as weight categories would no longer truly 

reflect the value of an animal within that weight category. This section proceeds by first 

testing the efficiency of the current weight reporting system and secondly by testing the 

efficiency of the second system with the new #ZOO price interval. 

4.5.1. Efficien cy of Original P . c e  Reporfr0ng System 

To provide answers for Manitoba Agriculture as to what level of detail to present 

price information to producers, ANOVA, MSD, and LSD tests were performed on the 

Manitoba pnce data on feeder steers and heifers. This tirne the testing occurred across 

weight categones within one market location. The mode1 thus becomes: 

PFC = g(wc, m) (4-2) 

where WC is the weight ctass of the animal and m is again the sale month. Tables F.5 and 

F.6 provide the results of the ANOVA analysis and tables G.5 and G.6 show the MSD test 

results for feeder steers and heifers, respectively. 

Results for both the feeder steers and heifers concluded that the current weight 

category record keeping systern shows statistically significant differences in price between 

categones. Similarly, there is consistency in the ranking of the price level of each category 

in each market. Tables G.S(Steers) and G.6 (Heifers), both show that the #4-500 weight 

categories are consistently higher pnced with the heavier categories following in the 

expected order -- the Lighter the animal the higher dollar value per pound received. 



4.5.2. Efficiency of the Boposed #ZOO Pnce Interval System 

Pnce categories for the #200 range were established utilizing existing price senes. 

The price series for Brandon and Winnipeg, Manitoba were used to evaluate whether or 

not weight ranges could be grouped without losing price information in the process. The 

current HO0 increments were aggregated to #ZOO increments by cornbinïng information 

fiom the relevant #IO0 categoîies. For exarnple, minimum and maximum pices fiom the 

W-500 and #5-600 series were recorded for the new #4-600 category. A simple average 

was then taken of the minimum and maximum numbers. New price series thus consist of 

an additional five weight ranges to a total of eleven weight categories in each market. 

Tables F.7 and F.8 show ANOVA results and tables G.7 and G.8 provide the LSD 

rankings for steer and heifer markets, respectively. Looking at the Winnipeg steer market 

we discover that the new #4-600 category is not sigmfïcantly dinerent fi-om the #4-500 

and #5-600 categories fiom which it was denved. This indicates that the new larger range 

could be used without losing price information. The outcome of the #4-600 range also 

applies to the Winnipeg heifer market. Additionally, the heifer market would also allow 

for the grouping of the #7-900 category, by finding no signifcant difference between the 

#7-800 and #8-900 ranges. Strangely, the #6-800 and #7-800 categories in the Winnipeg 

heifer market becorne reversed during the transformation, that is the #7-800 category 

ranked higher than the #6-800 range. However, this difference is so small that they are 

not ranked as being significantly different from one another. This reversal is a function of 

the derivation of the new #200 category (see footnote in chapter 3 section 3.4 on page 

25). The Brandon market andysis showed ali categories except the #8-900 and #8-1,000 



categories as being sigdicantly different from one another. 

The overail finding fiom this analysis is that the current #IO0 weight increments 

used are necessary to record feeder cattle prices. Choosing to use the larger #ZOO range 

would lead to misrepresentations of price and mislead the industry. 

4.6. Conclusions 

Seasonality results reveaied that producer who decide to feed cattle to heavier 

weights need to take seasonal pnce variation into account more so than producers who 

sell calves at weaning. Further the results suggest that seasonal pnce patterns are sirniiar 

across market regions. This hding is supported by the cointegration results found for 

Manitoba markets. Regression resuits supported the rejection of the law of one price in 

the long run for only five of sixty six market compansons, or 7.6% of the tirne. These 

findings therefore suggest that in the long run producers would not benefit from evaluating 

spatial marketing strategies. Further analysis of more distant markets lead to rejection of 

market efficiency 2 1% and 43% of the time in steer and heifer markets, respectively. 

While analysis of the cause behind these market imperfections is beyond the scope of this 

investigation, the pnce rankings across market regions do not suggest that transportation 

cost is the oniy factor contributing to pnce dEerences in regionai markets. Further, 

results from the mean group rankings across market regions show that a large number of 

markets are either not separable or rank Manitoba markets as a high paying province. 

This suggests that producers could be zdvised to market their cattle at the closest auction 

mart. Ln that sense results support the market efficiency concIusion that producers likely 



would not stand to gain 6om evaluating spatially separated market outlets. 

Findy, mean group rankings of pnces across weight categories suggest that the 

current #100 price reporting system is efficient and cannot be replaced with a #200 price 

reporting system without a loss of information. Specifïc recomrnendations to producers 

and Manitoba Agriculture are provided in chapter 5.  



CHAPTER 5 

CONCLUSIONS 

5.1. Introduction 

This chapter summarizes the procedures outlined in previous chapters and 

highlights important conclusions fiom this study. The role seasonality, spatial integration 

and least significant dserence tests played in the determination of conclusions drawn on 

feeder cattle price series is presented here. Chapter 5 also discusses the implications £kom 

these results to producers and Manitoba Agriculture, describes this studyys Limitations and 

suggests areas for tiiture research. 

5.2. Sumrnary of Major Findings and Implications toward the Study Objectives 

The purpose of this research was to evaluate alternative production and marketing 

strategies for Manitoba's feeder cattie producer. This study utilized the results from 

seasonality testing. cointegration / spatial integration testing, and least significance 

difference testing on price series f?om January 1994 to May 1998 across weight categories 

ranging tiom #3-400 to #9- 1,000 for steers and heifers for four Manitoba auction maris 

and also across Manitoba, Alberta, Ontario and a U.S. market region. 

Results as they pertain to the specifïc study objectives outlined in chapter 1 are 

now presented to provide producers with information on whether market prices for feeder 

cattle are sufficiently different across markets to allow for profitable opportunities from 

transporting cattle hrther distances: 



Objective 3 1.- 

Analyze seasonality in Manitoba cattle price to detemine if seasonaiity daers 
across market regions and or weight categories. This should answer whether 
market prices behave in a sirnilar fashion across regions and are therefore spatially 
integrated and whether seasonahty in prices may lead to changes in the timing of 
production, especidy in Light of expected feeding of cattle to heavier weights. 

J Seasonality findings for Manitoba show that a similar seasonal trend is 

evident throughout the four market locations considered. 

J Cointegration tests performed on the Manitoba markets prove that indeed 

the markets are spatialIy integrated, with the exception of the Grunthal 

market in some weight classes. This indicates that the LOOP holds over 

ninety percent of the time and that gains fiom transporting cattle to other 

cattle markets are likely not available in the long run. This also strengthens 

the results of no changes in seasonal price patterns. 

J Seasonal index value range fhdings show a greater range and therefore a 

larger sales impact per head in heavier than lighter weight categories of 

steers. This is tnie to a lesser extent in the heifer market. Producers 

interested in feeding cattle to heavier weights should therefore pay 

attention to have heavier cattle available for sale fiom August to October. 

Objectzve $2: 

Provide marketing suggestions to producers on the basis of long m n  spatial market 
integration tests. Do market effects in one region translate to equal effects in other 
regions or do price series diverge over tirne and thus offer an opportunity for 
marketing cattle in more distant market regions? 

J Regional markets within Manitoba exhibit sirnilar pricing for feeder cattle. 



Brandon Grunthal, Ste. Rose and W i p e g  markets follow the LOOP 

over ninety percent of the tirne. The only notable exception are market 

comparisons with Grunthai. 

J Cointegration testing has also revealed market efficiency between Manitoba 

and Alberta. Further removed markets were less Likely to behave according 

to the Iaw of one prke. DEerential agricultural policy impacts, 

uifrastructure, exchange rate distortions and other market imperfections 

were hypothesized to effect these results. 

Objective Y 3: 

IdentiQ whether market regions can be ranked according to price and thus provide 
directions for producers to purchasehell in the lowest/highest paying markets. 

J Mean group rankings provided by the MSD procedure in SAS showed that 

mean separation and price rankings were sirnilar for many markets within 

Manitoba and across Canada and the U.S. Producers would therefore 

Iikely not gain f?om evaluating spatial marketing strategies. Notable 

exclusions are the Grunthal and U.S. markets which gamered the lowest 

market pnces across most weight categories. 

J MSD rankings of Manitoba prices in relation to the other provinces and the 

U.S. market region revealed that Manitoba producers are receiving 

relatively high pnces for their cattle. Therefore, Little incentive exists for 

Manitoba producers to ship cattle out of province. 



Objective X 4: 

Provide suggestions for Manitoba Agriculture on what pnces to report given their 
current record keeping activities vis a vis the U.S. reporting system. 

J Manitoba Agiculture may be advised that the current reporting system of 

#IO0 increments for feeder cattle is a meaningfül measurement of the pnce 

information producers require to make decisions. A proposed #200 pnce 

reporting system shows that #ZOO prices are significantly diEerent fkom the 

#IO0 prke categories they are derived fiom. This provides support that 

reporting pnce in #ZOO increments is insufficient or even rnisleading. 

J On the basis of the study results, Manitoba Agriculture may be advised to 

report full market details on a single market as results fkom that market 

would be applicable to most markets in Manitoba. This could entai1 

providing information on al1 weight categories for one market region only, 

with aggregate pnce information across several weight categories being 

reported for regional markets. 

5.3. Study Limitations 

The implications drawn from this research must be considered with limitations in 

mind. First, while the analysis did cover a cattle marketing penod that expenenced both 

cyclically high and low feeder cattle pnces. results pertain to this period. Caution is thus 

advised in extending these results to the future. Second, while some expected 



interrelationships between the three testing procedures were evident the results also 

showed some dEerences. Stronger testing of these interrelationships could thus be the 

subject of another study. Third, missing feeder steer and heifer market price data had to 

be generated using possibly sirnplistic assumptions. For example, price averages for 

analysis have been calculated by using the midpoint of high and low prices reported by 

auction mark It would have been nice to have access to information to calculate quantity 

weighted averages to get a better idea ofthe pice distributions that occur within the 

weight categories that are currently reported. Similady, if auction marts could record 

separate totals for steer and heifer quantities, a quantity weighted average could have been 

calculated. Finally, the seasonality analysis, although meaningfbl, was limited in its current 

capacity. The test results would have been considered much more dependable if seasonal 

trends could be calculated on the basis of a complete cattle cycle using ten to twelve years 

of data. 

5.4. Suggestions for Further Research 

Further research of this subject is suggested by the limitations pointed out above, 

For example, analysis of price distributions could aid in determinhg whether symrnetric 

price distributions should be used to calculated a representative cattle price for a weight 

category as the mid-point between the high and low prices. Revarnping current record 

keeping practices at the auction marts to aliow pnces being recorded based on both 

quality and weight would elirninate any possible bias that may be introduced by simply 

grouping anirnds in weight categories, rather than discriminating by quality. Further 



analysis that would consider a more rigorous approach to testing the interrelationship 

between seasonality parameters and cointegration tests should also provide new insights 

for testing spatial market integration. 

5.5. Study Beneficiaries 

Beneficiaries of this study include Manitoba Agriculture and local auction mark as 

they are provided with a cornparison of w o  prke reporting techniques. The within 

Manitoba analysis on market efficiency gives enough support to the idea that a single 

representative market could be used to gather detailed information on cattle prices and 

continue with reporting less detailed information for local markets. 

Manitoba feeder cattle producers also benefit by being provided with an analysis 

that suggests optimal sale times for feeder cattle across all weight categories in several 

market regions. The data is of special interest to backgrounding operation, as they need 

to pay more attention to this information than cow/calfoperations. Producers are aiso 

provided with peace of mind by knowing that the markets closest to home are as profitable 

as any. 
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REPRESENTATfVE SALES SHEET 



Figure A.1. Sample Sales Sheet h m  Brandon Market for March Y" and 5", 1998. 

H8sal-IICOll B U  
Livestoclc Services 

Brandon, Maniloba , 

Brandon Sun: fax 727-0385 CBC Radio: fax 7-204-788-3199 

UVESTOCK MARKET REPORT FOR 

SLAUGHTER CATTLE - MARKET TRENDS FOR SLAUGHTER CA7 
U S  CHOICE STRS, 
Al -A2 STEERS 
U.S. CHOICE HFRS. 
Al-A2 HEIFERS 

Dl432 COWS 
D3 COWS K-57 
FEEDER COWS s < ~ O  

GOOD BULLS 

FEEDER CAJTLE MARKET TRENDS FOR FEEDER CATTLE 



ORDER OF INTEGRATION TESTS 



Table B.1. Order of Integration Tests on Manitoba Steer and Heifer Market Piices, 
January 1994 to May 1998 

Notes: 'The first letter idenidies the market location, B = Brandon, G = Grunthal, R = Ste. Rose, W = 
Winnipeg. The second Ietter represents gender S=Steer, and H=Heifers. The last two digits 
correspond w3.h the foilowhg weight categories. 45 = #3-500, 56 = #5-600,67 = #6-700, 78 = 
#7-800, 89 = #8-900, 9 LO = #9-1000. 
'I=order of integration of variables. Al1 price series (Y3 were analyzed first in original 
Iogarithrnic form. if t-stats were greater than the McKinnon critical value of 1.95 then the 
original series were judged stationaq or integrated of order O. Lf the t-stars were lower than the 
critical McKinnon value then the price series were first differenced and again subjected to the 
Augmented Dickey Fuller test of the form AY, = (Y, - YJ = Bo + BIY,.,+ Bzt + E, . This 
procedure was repeated until t-stats were greater than the critical value of 1.95. Results of 
integration testing show that first dinerencing \vas required to identifir each series as in teg~ted 
of order 1. 



Table B.2. Order of Integration Tests on Provincial / State Steer and Heifer Market 
Prices, Januq  1994 to May 1 998. 

Notes: 'The first Ietter identifies the market location. A = Alberta. M = Manitoba, O = Ontario, US = 
United States. The second letter represents gender S=Steer, and H=Heifers. The last hvo digits 
correspond Mth the following weight categories. 45 = #kt-500, 56 = #5-600,67 = #6-700, 78 = 
#7-SOO,89 = #8-900,9 10 = #9-1000. 
'I=order of integration of variables. AU price senes (Y3 were analyzed first in original 
logarithmic form. if t-stats were greater than the McKimon criticai value of 1.95 then the 
original series were judged stationary or integrated of order O. if the t-stats were Iower than the 
critical McKimon value then the price series were fhst differenced and again subjected to the 
Augmented Dickey Fuller test of the form AY, = (Y, - Y,!) = Bo + B,YbII- B,t + E, . This 
procedure \vas repeated until t-stats were greater than the critical value of 1.95. Results of 
integration testing show that first differencing was required to identify each senes as integrated of order 1 .  



MONTHLY SEASONAL PRICE VARIATION TABLES 



Appendix Table C. 1. Monthly Seasonal Indices1 for Feeder Steers in Brandon, MB, 
January 1994 to May 1998. 

Weight 
Category Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec Range3 

M-500 0.93' 0.95 1.01 1.00 0.99 1.00 1.00 0.99 O 1.03 1.01 0.99 0-10 

#5-600 0.94 0.98 1.01 1.00 1.00 101 1.00 0.99 1.02 1.00 0.99 0.98 0.0s 

#6-700 0.95 0.97 0.99 1-00 0.99 1.02 1.01 1-01 1-03 0.99 0.97 0.98 0.08 

#7-800 0.97 0.96 0.97 0.98 0.98 1.02 1.02 1.03 1.04 1.00 0.98 1.00 0.08 

#8-900 0.99 0.97 0.96 0.95 0-96 1-01 1-01 1.03 1.03 1-00 0.99 1.01 0.09 

#9-1000 1-00 0.98 0.96 0.94 0-94 0.99 1-01 1.04 1.04 1.00 1.00 1.03 0.10 

Notes: ' indices were calculated using a 12-month centered moving average m u a l  price. 
'Average index values represent percentages. For example, a value of 0.95 for January #-500 

steers would indicate that those steers are trading 5% below the average annual price in Januaq. 
Range values indicate the ditference between high and low (band nidth) of mondùy seasonal 

index values. 

Appendix Table C.2. Monthly Seasonal 1ndices1 for Feeder Steers in Grunthal, MB, 
January 1994 to May 1998. 

Weight 

1' 
Notes: ' Indices were calculated using a 12-month centered moving average annual price. 

Average index values represent percentages. For example, a value of 0 -95 for Jmuw #-500 

1 

steen would indicate that those neen are &ding 5% below the average annual price in Jananuary. 
Range values indicate the ciifference betsveen Iùgh and low (band width) of monthly seasonal 

index values. 

Category Jan Feb Mar Apr May June Iuly Aug Sept Oct Nov Dec Rangd 



- -- 

Appendix Table C.3. Monthly Seasonal 1ndices1 for Feeder Steers in Ste. Rose, MB, 
January 1994 to May 1998. 

Weight 
Category Jan Feb Mar Apr May June Jdy Aug Sept Oct Nov Dec Range3 

-- - 

#9-1000 0.97 0.98 0.98 0.94 0.95 0.99 1-00 1-00 1.03 1.02 1-02 0.99 0.12 

Notes: ' Indices were calculated using a 12-month centered rnoving average annuai price. 
' Average index vaiues represent percentages. For esample, a value of 0.95 for J a n q  #i4-500 

steers would indicate that those steers are trading 5% below the average annuai price in January. 
Ebnge values indicate the ciifference behveen high and low (band width) of montlily seasonal 

index values. 

Appendk Table C.4. Monthly Seasonal Indices1 for Feeder Steers in W i p e g ,  MB, 
January 1994 to May 1998. 

Weiglit Jan Feb Mar Apr Ma June July Aug Sept Oct Nov Dec Range3 
Categov 

#9-1000 0.96 0.96 0.96 0.95 0.96 1-00 0.99 1-05 1.03 1-01 1.03 1.03 0.10 

Notes: ' Indices were calculated using a 12-month centered moving average annual price. 
Average indes values represent percentages. For esample, a value of 0.95 for January #4-500 

steers would indicate that those steers are trading 5% below the average annual price in January. 
Range values indicate the ciifference between high and Iow @and width) of monthiy seasonal 

index values. 



Appendix Table C S .  Monthly Seasonal 1ndices1 for Feeder Heifen in Brandon, MB, 
January 1994 to May 1998. 

Weight 
Catcgory Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec RLuige 

#9-1000 0.99 0.98 0.97 0.95 0.95 0.99 1.01 1.03 1.03 1-00 0.99 1.02 0.08 

Notes: ' indices were caiculated using a 12-month centered moving average annual price. 
' Average index values represent percentages. For e-uample, a value of 0.95 for Jan- #4-500 

heifers would indicate that those heifers are trading 5% below the average annual pnce in 
J a n w .  

Range values indicate the clifference behveen high and low (band width) of monthly seasonai 
index values. 

Appendix Table C.6. Monthly Seasonal Indices1 for Feeder Heifers in Grunthal, MB, 
January 1994 to May 1998. 

Il zz:t; Jan Feb Mar Apr May June July h g  Sept Ocf Nov Dec Range II 

Notes: ' Indices were caiculated using a 12-month centered moving average annual price. 
' Average index values represent percentages. For example, a value of 0.95 for J a n w  fi-500 

heifers wodd indicate that those heifers are trading 5% below the average annual price in 
Januaq. 

Range values indicate the ciifference behveen high and Iow (band width) of monthly seasonal 
index values. 



11 Appendix Table C.7. Monthly Seasonal Indices' for Feeder Heifers in Ste. Rose, MB, 
January 1994 to May 1998. 

Weight 
Categov Jan Feb Mar Apr May June Juiy Aug Sept Oct Nov Dec Range ' 

#9-1000 0.96 0.97 0.97 0.94 0.97 0.98 1.00 1.03 1-01 1-01 1.03 1.03 0.10 

Notes: ' Indices were calculated using a 12-month centered moving average annual price. 
Average index values represent percentages, For esample, a value of 0.95 for Januq-  #4-s'O0 

heifers would indicate that those heifers are trading 5% below the average annual price in 
January . 

Range values indicate the ciifference between high and low (band width) of monthly seasonal 
index values. 

Appendix Table C.8. Monthly Seasonai 1ndices1 for Feeder Heifers in Winnipeg, MB, 
January 1994 to May 1998. 

Weight 
Categov Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec Range 

- - - 

#9-1000 0.97 0.98 0.98 0.93 0.96 1-00 1.01 1.04 0.99 1.03 1.02 1.03 0.11 

Notes: ' Indices were calculated using a 12-month centered moving average annual price. 
Average index values represent percentages. For e'rample, a value of 0.95 for January #4-500 

heifers wouid indicate that those heifers are trading 5% below the average annual price in 
January. 

Range values indicate the clifference between high and low (band width) of monthly seasonal 
index values. 



MONTHLY SEASONAL PEUCE VARIATION GRAPHS 



Figure D.1. Comparison of Seasonal Indices across Market Regions for #4-500 Feeder 
Steers in Manitoba 1994-1 998. 

Jan Feb Mar April May June JuIy Aug Sept Oct Nov Dec 
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Figure D.2. Comparison of Seasonal Indices across Market Regions for #5-600 Feeder 
Steers in Manitoba 1994- 1998. 
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Figure D.3. Comparison of Seasonal Indices across Market Regions for #6-700 Feeder 
Steers in Manitoba 1994- 1998. 
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Figure D.4. Comparison of Seasonal Indices across Market Regions for #7-800 Feeder 
Steers in Manitoba 1994- 1998. 
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Figure D.5. Comparison of Seasonal Indices across Market Regions for #8-900 Feeder 
Steers in Manitoba 19944998. 
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Figure D.6. Comparison of Seasonal Indices across Market Regions for #9-1000 Feeder 
Steers in Manitoba 1994-1998. 
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Figure D.7. Cornparison of Seasonal Indices across Market Regions for #4-500 Feeder 
Heifers in Manitoba L 994- 1998. 
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Figure D.8. Cornparison of Seasonal Indices across Market Regions for #5-600 Feeder 
Heifers in Manitoba 1994- 1998. 
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Figure D.9. Cornparison of Seasonal Indices across Market Regions for #6-700 Feeder 
Heifers in Manitoba 1994- 1998. 
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Figure D.10. Cornparison of Seasonai Indices across Market Regions for #7-800 Feeder 
Heifers in Manitoba 19944998. 
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Figure D.11. Compa.rison of Seasonal Indices across Market Regions for #8-900 Feeder 
Heifers in Manitoba 1994- 1998. 
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Figure D.12. Cornparison of Seasonal Indices across Market Regions for #9-1000 Feeder 
Heifers in Manitoba, 1994- 1998. 
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SPATIAL MARKET INTEGRATION 

or 

COINTEGRATION TEST RESULTS 



Appendix Table E.1 . OLS Estirnates of Cointegrating Parameters for Manitoba Steen. 

Market1 ResidualZ Residual LOOP 
Category BI S.E, t-stat B, S.E. t-stat Rr Holds 

BQ5 G45 0.97 0.03 3.95 0.99 0.03 4.09 0.96 Yes 
R4S 0.93 0.03 3.84 1.02 0.03 4.87 0.95 Yes 
W45 0.98 0.04 4 0.95 0.04 4.20 0.93 Yes 

G45 R45 0.94 0.03 2.87 1-01 0.03 2.84 0.94 No 
W4S 0.98 0.20 3.3 1 0.93 0.04 3.03 0.9 1 No 

R45 W45 1.03 0.04 3.77 0.91 0.03 3.53 0.91 Yes 
B56 G56 1.01 0.03 5-33 0.93 0.03 1.9 1 0.97 Yes 

R56 0.96 0.03 5.05 1.00 0.03 5.13 0.97 Yes 
W56 0.97 0.02 4.58 1-01 0.02 4-54 0.98 Yes 

G56 R56 0.93 0.03 4.91 1.03 0.03 4.86 0.96 Yes 
W56 0.94 0.02 4.13 1.03 0.03 3.98 0.97 Yes 

R56 W56 0.99 0.02 3.12 0-98 0.02 4.00 0.97 Yes 
B67 G67 0.99 0.02 5.29 0.99 0.02 5.40 0.97 Yes 

R67 0.94 0.02 5.56 1-03 0.03 5.47 0.97 Yes 
W67 1-01 0.03 4.17 0.95 0.03 4.08 0.96 Yes 

G67 R67 0.94 0.02 4.69 1.03 0.03 4.54 0.97 Yes 
W67 1-00 0.03 3.65 0.95 0.03 3.53 0.95 Yes 

R67 W67 1.06 0.03 4.64 0.91 0.02 4.62 0.97 Yes 
- - - 

B78 G78 0.99 0.03 5.80 0.98 0.03 5.77 0.97 Yes 
R78 0.96 0.02 3.94 1-01 0.02 4.85 0.97 Yes 
W78 0.94 0.02 3.07 1.04 0.02 1.00 0.98 Yes 

G78 R78 0.95 0.03 5.80 1.01 0.03 5.70 0.96 Yes 
W78 0.93 0.02 3.85 1.04 0.03 3.79 0.97 Yes 

R7S W78 0.97 0.02 4.53 1.01 0.02 4.51 0.98. Yes 
B89 G89 0.94 0.03 5.86 1.01 0.03 5.72 0.95 Yes 

R89 0.96 0.02 6.01 1-01 0.02 6.00 0.97 Yes 
W89 0.85 0.03 3.69 1.12 0.03 3.66 0.93 Yes 

G89 R89 0.99 0.03 4.88 0.97 0.03 5-03 0.97 Yes 
W89 0.87 0.03 2.88 1.08 0.04 2.94 O. 94 No 

R89 W89 0.87 0.03 4.39 1.09 0.04 4.45 0.94 Yes 
B9 10 R910 0.95 0.03 4.51 1.00 0.03 4-51 0.95 Yes 

W910 0.92 0.03 5.60 1.02 0.04 5.64 0.93 Yes 
R9 10 W910 0.95 0.03 5.l7 1.00 0.03 5.21 0.95 Yes 

Notes: 'The first letter identifies the market location, B = Brandon, G = Grunthal, R = Ste-Rose, W = Winnipeg. 
The Iast two digits correspond wîth the folIowing weight categones. 45 = #4-500,56 = #5-600,67 = #6- 
700, 78 = #7-800.89 = #8-900, 910 = #9-1000. 
ZResiduaI series generated by P', - a - BP2, = q were tested for stationarity using the Augmented Dickey 
Fuller test at the 5% level of significance with a criticai value of 3-50. T-stats are shown to accept or reject 
the nuii hypothesis of market inefficiency or nonstationarity. T-values less than the critical value indicate 
that the LOOP does not hold. Failure to reject in one of the hvo designations was consideriid evidence of 
market efficiency. 



Appendix E.2. OLS Estunates of Cointegrating Parameters for Manitoba Heifers. 

Market1 Residua12 Resi du al LOOP 
Category BI S.E. t-stat BI, S.E. t-stat R2 Holds 

B45 G45 0.99 0.02 5.6 1 0.99 0.02 5.59 0.98 Yes 
R45 0.97 0.03 4.82 0.97 0.03 4.81 0.95 Yes 

W45 1 .O6 0.03 3.96 0.90 0.03 3.81 0.95 Yes 
G45 R45 0.98 0.03 3.71 0.99 0.03 3 -76 0.96 Yes 

W35 1.06 0.04 3.81 0.90 0.03 3 -69 0.95 Yes 

R45 W45 1.06 0.04 4.85 0.89 0.03 3.67 0.95 Yes 
B56 G56 0.98 0.02 5.50 1-00 0.02 5.55 0.98 Yes 

R56 0.97 0.02 5.00 1-00 0.03 3.95 0.97 Yes 

W56 1 .O2 0.02 3 -73 0.96 0.02 3.68 0.98 Yes 

GS6 EU6 0.99 0.02 4.00 0.99 0.02 3.95 0.98 Yes 

W56 1.03 0.02 3 -77 0.95 0.02 3.67 0.97 Yes 
R56 W56 1.03 0.02 4.32 0.95 0.02 4.29 0.98 Yes 
B67 G67 0.98 0.02 4.86 1-00 0.02 1.8 1 0.98 Yes 

R67 0.94 0.02 4.55 1.03 0.02 1.14 0.97 Yes 
W67 1 .O2 0.03 3.19 0.94 0.03 4.16 0.96 Yes 

G67 R67 0.96 0.02 3.39 1.02 0.02 3.31 0.98 No 
W67 1 .O4 O .O3 3 -99 0.92 0.03 4.02 0.96 Yes 

R67 W67 1-08 0.02 3.60 0.90 0.02 4.67 0.98 Yes 

B78 G78 0.93 0.03 5-13 1.04 0.03 5.02 0.96 Yes 
R78 0.95 0.02 6.52 1.02 0.02 6.33 0.97 Yes 
W78 0.94 0.02 4.20 1.03 0.03 4.16 0.97 Yes 

G78 R78 1.0 1 0.02 4.50 0.96 0.02 4.53 0.97 Yes 

W78 1 .O0 0.03 3-37 0.97 0.03 3.44 0.96 No 
R78 W78 0.98 0.02 3- 12 1-00 0.02 4.16 0.97 Yes 

B89 G89 0.96 0.04 5.36 0.94 0.04 5.28 0.90 Yes 

R89 0.93 0.03 5-56 1.04 0.03 5.49 0.96 Yes 

W89 0.86 0.03 4.37 1.09 0.04 4.37 0.94 Yes 

G89 R89 0.89 O -04 5.25 1.02 0.05 5 -25 0.89 Yes 
W89 0.82 0.04 4.00 1.07 0.06 3.10 0.88 Yes 

R89 W89 0.9 1 0.03 3.08 1.04 0.03 4.19 0.95 Yes 
B91 R910 0.94 0.04 4.89 0.97 0.04 4.79 0.92 Yes 

W9 10 0.96 0.04 5.37 0.94 0.04 5.80 0.89 Yes 
R91 W910 0.98 0.04 4.37 0.93 0.04 4.82 0.91 Yes 

Notes: 'The k t  letter identifies the market location, B = Brandon, G = Grunthal, R = Ste.Rose, W = Winnipeg. 
The last nvo digits correspond with the followving weight categones. 45 = #4-300,56 = #5-600,67 = X6- 
700,78 = #7-800,89 = #8-900, #9-1000. 
' Residual series generated by PI, - a - BP, = E, were tested for stationarity using the Augmented Dickey 
Fuller test at the 5% level of significance with a critical vaiue of 3-50. T-stats are s h o w  to accept or reject 
the null hypothesis of market inefficiency or nonstationarity, T-values Iess than the critical value indicate 
that the LOOP does not hold. Failure to reject in one of the two designations was considered evidence of 
market et'ficimcy. 



Appendix TabIe E.3. Provincial / State OLS Estimates of Cointegrating Parameters for Steers. 

Market ' Residua12 Residual LOOP 
Category B I S.E. t-stat BI, S.E. t-stat R2 Eolds 

M45 045 1-08 O .O4 4.02 0.87 0.03 4.31 0.94 Yes 
A45 0.92 0.02 5.09 1.06 0.03 1.89 0.97 Yes 
US35 1.37 O. 14 2.63 0.48 0.05 3-55 0.65 Yes 

045 A45 0.80 0.03 4.80 1.15 0.05 4.35 0.92 Yes 
US45 1.16 O. 13 2.86 0.50 0.06 3 -43 0.57 No 

A45 US35 1.16 O. 13 2.25 0.47 0.04 3.25 0.74 No 
M56 056 1.06 0.03 5.0 1 0.90 0.03 5.08 0.96 Yes 

A56 0.93 0.02 1.9 1 1-04 0.03 4.68 0.96 Yes 
US56 0.87 0.06 3-83 0.93 0.07 3.83 0.81 Yes 

056 A56 0.84 0.03 4.43 1.11 0.04 4.24 0.93 Yes 

US56 0.81 0.06 3 -86 0.99 0.07 3.70 0.80 Yes 

M67 067 1.02 0.04 3.44 0.91 0.03 3.54 0.93 Yes 
A67 0.94 0.02 3.83 1.04 0.02 3.76 0.98 Yes 
US67 0.90 0.05 3.51 0.94 0.06 3.41 0.85 Yes 

US67 0.83 0.06 3-18 0.97 0.07 3.12 0.80 No 

A67 US67 0.97 0.05 2.90 0.93 0.04 3.0 1 0.90 No 

M78 078 0.97 0.05 3 -54 0.92 0.04 3.65 0.89 Yes 

A78 0.97 0.02 3.56 1-01 0.02 3.48 0.98 Yes 

US78 0.95 0.05 3-62 0.92 0.05 3.85 0.87 Yes 
O78 A7S 0.89 0.05 3.54 0.98 0.05 3.38 0.88 Yes 

US78 0.89 0.06 3 -54 0.90 0-06 3.56 0.80 Yes 

A78 US78 0.99 0.04 3.44 0.92 0.04 3-7s 0.91 Yes 

M89 O89 1 .O0 0.04 4.06 0.90 0.04 3.82 0.90 Yes 
A89 0.97 0.02 4.03 1-00 0.02 3.92 0.97 Yes 
US89 1.00 0.04 3 -76 0.92 0.04 3.92 0.92 Yes 

US89 0.90 0.05 4.22 0.95 0.05 4.5 1 0.86 Yes 

A89 US89 1.02 0.04 3.74 0.91 0.34 3.92 0.93 Yes 

Mg10 0910 1.00 0.05 3 -64 0.90 0.04 3.42 0.89 Yes 

A910 0.99 0.02 4.25 0.99 0.02 3.24 0.98 Yes 
0910 A910 0.89 0.05 3.29 0.98 0.05 3.5 1 0.87 Yes 

Notes: 'The first letter identifies the market location, A = -4btx-u. M = Manitoba, O = Ontuio, US = United States. The lasr two digits 
comspond with the following wcight ~tegorirs- 45 = WSOO. 56 = k5-600,67 = 66-700.78 = $7-800.89 = #8-900.9 10 = 
$9-1000. 
' Residual m-es  genmted by P1, - cr - BP, = E, were w d  for stritionuity using the Augrnented Dickey Fuller test at the 5% 
lrvel ofsi&i~ance with a critical d u e  of 3-50. T-stars are s h o w  to accept or reject the nul1 hypothesis of market 
inrEciency or nonsmtionuity. T-dues iess than the criticai d u e  indiate that the LOOP does not hold Failure to rejcct in 
one of the two dsignations was considered evidence of market efficiency. 



Appendix Table E.4. Provincial / State OLS Estirnates of Cointegrating Parameters for 
Heifers. 

Market1 Residua12 Residuai LOOP 
Category BI S.E. t-stat BII S.E. t-stat R2 HoIds 

- -  - - -- - 

M34 034 1.08 .O56 3.55 0-81 0.04 3.76 .88 Yes 
A34 0.92 0.03 4.46 1.02 0.04 4.32 .94 Yes 

034 A34 0.79 0.03 3.78 1.18 0.04 3.41 -93 Yes 
M45 045 1 .O6 0.04 3.92 0.90 0.03 4.15 -95 Yes 

A45 0.93 0.17 5.53 1.06 0.20 5.32 .98 Yes 
0.94 0.08 2.55 0.78 0.07 2.17 -73 No 
0.83 0.03 4.53 1.11 0.04 3.05 .93 Yes 
O .89 0 -07 1.70 0.87 0.07 1.05 -77 Yes 
1.05 0.08 2.36 0.75 0.06 2.20 -78 No 

1.05 O .O4 3.41 0.90 0.03 3.47 -94 No 
0.94 0.02 5.00 1.01 0.02 4.93 -98 Yes 
0.9 1 0.08 2.71 0.79 0.07 2.94 .72 No 
0.85 0.03 3.71 1.09 0.04 3.53 -92 Yes 

US56 0.9 1 0.07 3.52 0.84 0.06 3.36 -77 Yes 
A56 US56 0.99 0.08 2.69 0.76 0.06 2.88 -76 No 
M67 067 1 .O3 0.04 2.67 0.91 0.03 2-74 .93 No 

A67 1-05 0.02 3.65 0.94 0.02 3.62 -98 Yes 
US67 t -04 0.07 2.94 0.78 0.05 2.53 -81 No 

067 A67 0.85 0.04 2.55 1.07 0.05 2.49 -91 No 
US67 1 .O0 0.08 3.29 0.77 0.06 3.35 .77 No 

A67 US67 1.12 0.07 3.10 0.75 0.05 2.79 -84 Yes 
M78 078 1.04 0.04 3.59 0.88 0.04 3.71 -92 Yes 

A78 0.95 O. 16 3.98 1.03 0.02 3.97 .98 Yes 
US78 0.85 0.06 3.35 0.95 0.07 3.55 -80 Yes 

078 A78 0-85 0.04 3.34 1.08 0.05 3.23 -92 No 
US78 0.97 0.08 3.89 0.79 0.06 4.08 .76 Yes 

A78 US78 0.89 0.06 2.87 0.91 0.06 2.94 -81 No 

A89 0.89 0.02 3-58 1-11 0.02 5.20 .98 Yes 
0 8 9  A89 0.76 0.04 2.97 1.15 0.06 2.92 .87 No 

Notes: 'The füst letter identifies the market location, A = Alberta, M = Manitoba, O = Ontario, US = 

United States. The last two digits correspond with the folloning weight categories. 45 = H-500, 
56 = #5-600,67 = #6-700, 78 = #7-800, 89 = #8-900. 

'Residual series generated by PI, - a - BPZ, = G, were tested for stationariw using the Augmented 
Dickey Fuller test at the 5% level of s i ~ c a n c e  with a critical value of 3.50. T-stats are shown 
to accept or reject the nul1 hypothesis of market inefficiency or nonstationarity. T-values less 
than the critical value indicate that the LOOP does not hold. Failure to reject in one of the hvo 
designations was considered evidence of market efficiency. 



ANALYSIS OF VARIANCE RESULTS 





Table F.3. Analysis of Variance by Market Location and Sale Montli foi Western Canadian and U.S. #4-500 to #900-1,000 Feeder 
S teer Prices. 
1 Depcndcnl Vnriithlc: Ibricc of Redcr Stem 1 

Table F.4. Analysis of Variance by Market Location and Sale Month for Western Canadian and U.S. #3-400 to #8-900 Feeder Heifer 
Prices. 

Wciglil 
Cntegory 

#4-500 

# 5 -600 

#6-700 

117-800 

H8-900 

#9-1,000 

I'robn- Probn- Prolui- 
Weighl 1 h i  1 B-Vnlue 1 biliiy ('il ( Df Saic 1 P-vdiie 1 liiliiy (si) ( hEicl 1 1 b i t  ( 9  1 1 
Category 1 ncuiioti (1) Monili (ni) 

Joie: U.S. dnta \va. 1101 nvailnblc for tlic Hg-1,000 weiglit category. 
' Df denoles dcgrecs of frcrdoni. 

III' hlnrkct 
Iacntioii (1) 

3 

3 

#S-600 

W700 

H7-800 

#8-300 

1'1'0Ilii- 
t~iliiy (?O) 

0.01 

0.01 

0.0 1 

0.01 

0.0 1 

0.0 1 

Voie: U.S. dntn wns iiot avnilable for tlie #3-400 nnd Hg-900 \veidit categories. 

3 

3 

3 

2 

F-VnIuc 

20.82 

9.87 

D f 
hlodel 

55 

5 5 

5 5 

55 

5 5 

54 

Df Siile 
Moiiili (ni) 

5 2 

52 

Probn- 
hilily (Sb) 

0.0 1 

0.0 1 

14.38 

14.62 

12.39 

2.85 

1:-Vnlue 

26.3 1 

27.49 

5 2 

5 2 

52 

52 

0.0 1 

0.0 1 

0,OI 

1,03 

1:-Value 

26.0 1 

26.52 

9.47 

16.31 

12.51 

70.40 

3 

3 

3 

2 

9.44 

16.76 

12.71 

72.3 1 

1'rot)ii- 
bility (90) 

0.0 1 

0.0 1 

0.01 

0.01 

Q.QI 

0.0 1 

9.97 

9.86 

9.03 

20.63 

0.01 

0.0 I 

0,O 1 

6.22 

5 2 

5 2 

5 2 

52 

24.09 

16.99 

12.01 

47.70 

0.0 1 

0.0 1 

0.0 1 

0.01 

5 5 

5 5 

5 5 

5 4 

23 -56  

16,86 

12.03 

46.03 

0.01 

0.01 

0.01 

0.01 

R9.26 

85.60 

80.92 

95.98 



Table F.5. Analysis of Variance by Weight Category and Sale Mont11 for Manitoba Feeder Steer Prices. 
I 
1 Dependent Variable: Pricc of Fccder Stccrs 

Note: Grunthal du& was not avnii~hie for Ihc #9- 1 000 cutegory. 
' Df dcnotcs degrces of frccdom 

Table FA. Analvsis of Variance bv Weidit Categorv and Sale Month for Manitoba Feeder Heifer Prices. 

Wciglil 
Catcgoxy 

Winnipeg 

Brandon 

Gruntlial 

Stc. Rose 
4 

1 Dependent Variable: Price of Feeder Heifcrs 1 

Proba- 
biliiy 

(%) 

0.0 1 

0.0 1 

0.0 1 

0.0 1 

Dl'' Wcight 
Category (WC) 

5 

5 

4 

5 

Notc: GmnUial data \vas not nvnilnble for tlic 1(9-1000 ciitegor)'. 
' Dfdcnotes degrecs of frecdoni. 

F-Valiie 

168,7 1 

187.60 

212.42 

163.02 

Df Siilc 
Montli (in) 

5 2 

52 

52 

52 

Wciglit 
Category 

Winnipeg 

Brandon 

Gmntfial 

Ste. Rose 

F-Value 

67.72 

53.22 

G4.09 

57.44 

Df l Wciglit 
Category (WC) 

5 

5 

4 

5 

Proba- 
bility 

(%) 

0.01 

0.01 

0.01 

0.01 

F-Vslue 

107.52 

121.32 

109.64 

102.23 

D f 
Model 

57 

57 

56 

57 

Proba- 
bilitg 
(%) 

0.0 1 

0.0 1 

0.0 1 

0.0 1 

F-Valiic 

76.58 

65.0 1 

74.h8 

57.58 

Df Sale 
Montii(n1) 

52 

5 2 

5 2 

5 2 

Proba- 
bility 

(%) 

0.01 

0.01 

0.01 

0.01 

F-Value 

61.29 

48.29 

56.18 

53-95 

R2 

94.38 

93.44 

95.26 

92-66 

Proba- 
biliîy 
(%) 

0.01 
-- 

0,0 1 

0.0 1 

0.01 

D f 
Mode1 

57 
-- 

57 

5 6 

5 7 

F-Valuc 

65.35 
- 

54.69 

60.00 

58.18 

Proba- 
bility 
(%) 

0.01 
- 

0.01 

0.01 

0.01 

R2 

93.48 

92,30 

94.17 

92.73 



Table F.7. Analysis of Variance by Augmented Weight Categories and Sale Month for Winnipeg and Brandon Feeder Steer Prices. 

Dependent Variable: Price of Fccder Steçrs 

Table F.8. Analysis of Variance by Augmented Weight Categories and Sale Month for Winnipeg and Brandon Feeder Heifer Prices. 

Depcndcnt Variable: Price of Feedcr Heifcrs 1 

Weight 
Category 

Winnipeg 

Brandon 
Note: ' Df denotcs dcgrecs of frredoni. 

D f '  Weight 
Catcgory(wvc) 

1 O 

1 O 

Wciglrt 
Calegory 

Winnipeg 

Brandon 
Y 

F-Value 

162.32 

188.61 

Note: 1 Df dciiotes degrces of frcedoiii. 

Df Sale 
Mont11 (in) 

52 

6 2 

Proba- 
bility 
(%) 

0.0 1 

0.0 1 

Df ' Weight 
Catcgary (WC) 

1 O 

1 O 

F-Value 

130.24 

110.34 

Proba- 
bility(9i) 

0.0 1 

0.0 1 

F-Value 

95.22 

1 18.69 

Df Sale 
Montli(m) 

52 

52 

F-Valiie 

15 1.26 

123.72 

Proba- 
bility 
(%) 

0,O 1 

0.0 1 

Proba- 
bility(90) 

0.01 

0.01 

Df 
Made1 

62 

62 

F-Value 

124.59 

111.69 

Proba- 
bility 
('w 

0.01 

0.01 

D f 
Mode1 

62 

62 

R* 

93.69 

93.02 

F-Value 

153.04 

134.19 

Proba- 
biIity(?i) 

0.01 

0.01 

R2 

94.80 
1 

94.12 



LEAST SIGNIFICANT DiFFERENCE TEST RESULTS 



TabIe G.I. Sumary of Sub-sample Statistics and Rankings for Winnipeg, Brandon, 
Grunthal and Ste. Rose #4-500 to #900- 1,000 Feeder Steer Markets by Pnce. 

Weight Mean' Min M a .  Std-Dev. Mean ~ e a n '  

-- -- - - - - -  - 

L Brandon 53 75-20 144.25 20.68 112.81 0.18 A 

fw-500 2 Ste. Rose 53 72-75 152.17 21.43 112.22 0.19 AB 

I Ste. Rose 53 75.50 147.50 19.45 109.84 0.18 A 

#5-600 2 Brandon 53 73.63 136.13 18.69 108.47 0.17 B 
LSD=0.98 3 Winnipeg 53 72.63 136-46 18.88 107.76 0.18 B 
MSD= 1.32 

4 Grunthal 53 75.00 136.63 17.93 107.28 0.17 B 

1 Ste. Rose 53 70.50 129.38 16.93 103.98 0.16 A 

86-700 2 Brandon 53 72.45 127.13 15.96 102.67 0.16 B 
LSD=0.90 3 Winnipeg 53 70.44 122.65 15.14 100.87 0.15 
MSD= 1.22 

C 

4 Grunthal 53 71.92 126.63 15.69 100.82 0.16 C 

1 Ste. Rose 53 69.25 120.75 14.05 97.45 0.14 A 

#7-800 2 Winnipeg 53 69.29 122.55 14.42 97.32 0.15 A 
LSD=0.68 3 Brandon 53 70.34 117.94 13.73 97.29 0.14 A 
.LlSD=0.92 

4 Grunthal 53 65.25 116.47 13.17 94.40 0.14 B 
-- . - - - - - - - - - 

1 Winnipeg 53 68.03 122.55 13.80 94.70 0.15 A 

#s-900 2 Ste. Rose 53 68.96 110.81 11.84 92.87 0.13 B 
LS D=O. 87 3 Brandon 53 69.3 1 110.00 11.55 92.69 0.12 
MSD=l.l8 

B 

4 Grunthal 53 63.79 107.18 11.52 89.98 0.13 C 

1 Winnipeg 53 66.75 108.03 10.36 89.1 1 0.12 A 

#9- 1 .O00 2 Brandon 53 66.3 1 104.50 9.70 88.29 0.1 1 AB 
LSD=0.68 

MSD=0.83 3 Ste. Rose 53 65.75 103 -25 9.80 88.13 0.1 1 B 

Note: Grunthal data was not available for the #9-1,000 categoxy. 
Mean rankings are based on mean price levels- 
Mean groupings are based on the MSD values. Only means that differed by more than the 

MSD values couid be ranked into separate groups represented by the different letter. Markets 
with two letters couid not be differentiated fiom the categoxy above or below. 



Table G.2. Summary of Sub-sarnple Statistics and Rankings for Winnipeg, Brandon, 
Gmnthal and Ste. Rose #MO0 to ff900-1,000 Feeder Heifer Markets by Ptice. 

Weight Mean' Min Max Std. Dev. Mean Mean' 

Class Rank Location N $/cw %W $ / c w  $/CL- CV Group 

-- - 

1 Brandon 53 67.19 132.75 20.90 104.50 0.20 A 
4-500 2 Ste.Rose 53 63-50 135.83 20.24 102.22 0.20 B 

LSD=1.21 

MSD=1.64 3 Winnipeg 53 64.75 126.16 18.58 102.01 0.18 B 

4 Grunthal 53 65.83 129.75 20.08 101.11 0.20 B 
-- - - -  -- - 

1 Brandon 53 67.06 126.08 18.35 100.51 0.18 A 
6 6 0 0  2 Winnipeg 53 67-29 L26-16 17.65 99.43 0.18 B 

LSD=0.76 

MSD=1.02 
3 Ste.Rose 53 66.58 128.75 18.38 99.39 0.18 B 

4 Gninthal 53 64.42 125.75 15-01 98.15 0.18 C 

1 Brandon 53 67.39 119.75 15.59 95.86 0.16 A 
$6-700 

LSD=0.79 2 Ste-Rose 53 65.29 121.50 16.25 95.40 0.17 A 

MSD=1.07 3 Winnipeg 53 66.10 112.81 14.58 94.04 0-16 B 

4 Grunthai 53 65.00 118.56 L5.39 93.75 0.16 B 

1 Brandon 53 65.59 110.88 13.16 91.86 0.14 A 
t7-800 2 Winnipeg 53 63.25 112.81 13.74 91.82 0 . 5  A 

1 Winnipeg 53 65.03 112.81 12.63 89.44 0.14 A 
18-900 

LSD=0.96 2 Ste.Rose 53 64.38 107.75 L 1.49 88.56 0.13 AB 

hISD=130 3 Brandon 53 64.50 105.25 10.80 87.77 0.12 B 

4 GmthaI 53 62.88 99.88 10.27 84-81 0.12 C 
-- - - - -  

1 Winnipeg 53 64.75 105.19 9.41 84.97 0.1 1 A 
d9- 1.000 

LSD=0.82 
2 Ste-Rose 53 62.38 98.25 9.32 84.08 0.1 1 A 

M S D = I . O ~  3 Brandon 53 62.85 101.50 9.32 84.02 0.1 1 A 

Note: Frunthai data was not available for the #9-1,000 category 
Mem &gs are based on mean pnce levels. 
Mean groupins are based on the MSD values. Oniy means thai differed by more than the MSD values could be tanked into 

Kpjnte groups reptesented by the different letter. Mykets with hvo letters couid aot be differentiated h m  the category above 
or below. 



Table G.3. Summary of Sub-sarnple Statistics and Rankings for Alberta, Manitoba, 
Ontario and US.  #4-500 to #900-1,000 Feeder Steer Markets by Pnce. 

Mean' 
Weight 

Min Max Std. Dev. Mean Mean" 

Class Rank Location N Wwt $/CM $/cw $/cwt CV Group 

#4-500 
1 Alberta 53 74.44 144.61 21.87 11 1.94 0.20 A 

2 Manitoba 53 75.50 146.88 20.49 110.74 0.19 A 
LSD=2.96 

3 US.  53 48.77 135.72 23 -70 105.58 0.22 
MSD4.00 

B 
Ontario 53 71.38 132.42 16.84 101.48 0.17 C 

#MO0 
1 Alberta 53 72.50 137.89 19.46 106.82 0.18 A 

2 Manitoba 53 73.63 141.48 18.51 106.24 0.17 A 
LSDz2.63 

3 US .  53 41.27 128.79 21 .24 103.39 0.21 AB 
MSD=356 Ontario 53 73.00 129.54 16.19 100-38 0.16 B 

X6-700 
1 Alberta 53 69.96 129.10 16.79 101.57 0.17 A 

2 Manitoba 53 71.00 128.71 16 .O0 101.06 0.16 A 
L S M . 0 5  

3 Ontario 53 73.25 124.95 11.67 96.75 0.15 AB 
MSD=5.75 U.S. 53 25.16 120.75 25.14 91.72 0.27 B 

#7-800 
1 Aiberta 53 68.49 118.86 13.87 96.28 O. 14 A 

2 Manitoba 53 69.50 118.77 13.60 96.16 0.14 
LSD=2.58 

A 

3 Ontario 53 71.75 122.83 13.10 92.88 0.14 AB 
MSB3.49 US. 53 53.65 113.51 18.60 90.23 0.21 B 

#8-900 1 Aiberta 53 67.22 108.61 1 1.59 91.92 0.13 A 

2 Ontario 53 68.30 110.47 10.67 91.78 0.12 A 
LSD=2.52 

3 Manitoba 53 67.86 110.77 11.54 91.75 0.13 A 
MSD=3.41 US. 53 48.60 107.12 17.25 86.39 0.20 B - - 

#9- 1,000 1 Ontario 53 67.90 105.38 8.9 1 88.81 0.10 A 

LSD=0.71 2 Manitoba 53 66.90 102.33 9.43 87.11 0.1 I B 

MSD=0.88 3 Alberta 53 65.79 100.65 9.33 86.52 0.1 1 C 

Note: U.S. data was not available for the #9-1.000 categoq. 
' Mean rankings are based on mean pnce levels. 

Mean groupings are based on the MSD values. Only means that dinered by more than the 
MSD values could be ranked into separate groups represented by the different Ietter. Markets 
with trvo Ietters could not be differentiated fkom the category above or below. 



Table G.4 Sumrnary of Sub-sarnple Statistics and Rankings for Alberta, Manitoba, 
Ontario and U.S. #3-400 to $8-900 Feeder Heifer Markets by Pnce. 

Weight Meant Min Max Std Dev. Mean Mean? 

Class Rank Location N $/CW $/cwt $/cW $/cwt CV Group 

-- - --  - 

il3400 1 Manitoba 53 63.50 142.75 2 1.69 105.95 0.20 A 

LSD=l -88 2 Alberta 53 65.50 138.29 22-44 104.04 0.22 A 

MSD=2.3 1 3 Ontario 53 65.50 123.06 16.93 92.79 O. 18 B 
- - - - - - - - 

1 Manitoba 53 67.83 133.63 19.91 101.75 0.20 A 
#4-500 

2 Alberta 53 64.26 13 1.93 20.66 101.23 0.20 A 
LSD=2-53 

3 US. 53 58.23 13 1.45 21.92 97.01 0.23 B 
MSD=3.42 

4 Ontario 53 65.80 125.01 17.10 93.23 O. 18 C 

1 Manitoba 53 68.19 127.42 18.03 98.20 0.18 A 

4 U.S. 53 41.10 119.03 22.2 1 90.95 0.24 B 

1 Manitoba 53 b6.75 121.15 15.61 94.19 0.17 A 
$6-700 

2 Alberta 53 63.32 119.42 16.05 93.94 0.17 A 
LSD=2.84 

3 Ontario 53 63.88 1 18-12 14.00 88.37 0.16 B 
MSD=3 -84 

4 US .  53 46.74 113.85 19.93 86.49 0.23 B 

1 Manitoba 53 64.38 113.44 13.15 90.65 0.15 A 

#7-800 
2 Alberta 53 63.51 111.03 13.50 90.52 0.15 AB 

LSD=2.92 

MSD=3.95 
3 Ontario 53 66.00 11 1.05 1 1.73 86.64 0.14 BC 

4 U.S. 53 34.59 105.92 19.42 82.92 0.23 C 

$8-900 1 Manitoba 53 63.25 103.03 10.40 85.93 0.12 A 

LSD=0.98 2 Aiberta 53 60.38 102.24 11.21 84.94 0.13 A 

MSD= 1.20 3 Ontario 53 63.60 103.74 9.21 84.88 0.1 1 A 

Note: U.S. data was not available for the #8-900 category. 
' Mean rankings are based on mean price izvels. 
* Mean groupings are based on the MSD values. Only means that differed by more than the 
MSD values could be ranked into separate groups represented by the diEerent letter. Markets 
with hvo Ietters could not be differentiated from the category above or below. 



Table 6 5  Surnrnary of Mean and Mean Group Rankings of Manitoba Markets Across 
#4-500 to #900-1,000 Feeder Steer Weight Classes by Price. 

Market Mean' Weight Mean Mean' 

Location Rank Class N $/cwi Group 

1 #4-500 53 110.41 A 

Winnipeg 2 #5-600 53 107.76 B 

LSD=1.72 3 #6-700 53 100.87 C 

MSD=2-'9 4 #7-800 53 97.32 D 

5 #8-900 53 94.70 E 

6 if9-1,000 53 89.1 1 F 

1 ff4-500 53 112.81 A 

Brandon 2 #5-600 53 108.47 B 

LSD=1.9 1 3 #6-700 53 102.67 c 
MSD=2-87 4 #7-800 53 97.29 D 

5 #8-900 53 92.69 E 

6 #9-1,000 53 88.29 F 

Note: Grunthal data was not avaiiable for the #9-1,000 category. 
Mean rankings are based on mean price IeveIs. 
' Mean groupings are based on the MSD values. Only means that differed by more than the 
MSD values could be ranked into separate groups represented by the different Ietter. Weight 
classes with hvo letters could not be differentiated from the category above or beiow. 



Table G.6 Sumrnary ofMean and Mean Group Rankings of Manitoba Markets Across 
#4-500 to #900-1,000 Feeder Heifer Wei.@ Classes by Price. 

Market Mean' Weight Mean Mead 

Location Rank Class N $/cwt Group 

1 $4-500 53 104.50 A 

2 #5-600 53 100.51 B 

Brandon 3 #O-700 53 95.86 C 

LSD= 1 -96 4 #7-800 53 91.86 D 

MSD=2.94 5 #8-900 53 87.77 E 

6 #9-1,000 53 84.02 F 

I #4-500 53 102.22 A 

2 ff5-600 53 99.39 B 

Ste. Rose 3 #6-700 53 95.40 C 

LSD= 1 .S7 4 ff7-800 53 91.51 D 

MSD=2.82 5 #8-900 53 88.56 E 

6 $9-1,000 53 84.08 F 

Note: Grundial data was not available for the #9-1,000 category. 
' Mean rankings are based on mean price levels. 
* Mean groupings are based on the MSD values. Ody means that differed by more than the 
MSD values could be ranked into separate groups represented by the dinerent letter. Weight 
classes with hvo letters could not be differentiated fiom the category above or below. 



Table 6 . 7  Surnrnary of Mean and Mean Group Rankings of Winnipeg and Brandon 
Markets across #4-500 to fL900-1,000 Feeder Steer Weight Classes by Price. 

Market Mean' Weight Mean Mean' 

Location Rank Class N $/CW Group 

Winnipeg 5 

LSD=l.55 6 
MS52.64 7 

8 

9 

10 

11 

1 

2 

3 

4 

Brandon 5 

LSD=l.69 6 

MSD=2.87 7 

8 

9 

10 

11 

Note: ' Mean rankings are based on mean pnce leveIs. 
' Mean groupings are based on the MSD values. Only means tliat differed by more than the 
MSD values could be ranked into separate groups represented by the dinerent letter. Weight 
classes with two Ietters could not be differentiated from the category above or beIow. 



Table G.8 Summary of Mean and Mean Group Rankings of Winnipeg and Brandon 
Markets across #4-500 to #900-1,000 Feeder Heifer Weight Classes by Price. 

Market Mean' Weight Mean Mead 

Location Rank Class N $/cw Group 

I 

2 

3 

4 

Winnipeg 5 

LSD= 1 .58 6 

MSD=2.68 7 

8 

9 

10 

11 

Brandon 6 

LSD= 1.74 7 

MSD=2.96 8 

Note: ' Mean rankings are based on mean pnce leveIs. 
Mean groupings are based on the MSD values. Oniy means that differed by more tiian the 

MSD values could be ranked into separate groups represented by the different letter. Weight 
classes with nvo letters couid not be differentiated fiom the category above or beiow. 




