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Abstract

This study investigates slaughter price risk and risk management in finishing heavy feeder steers
in a custom feedlot in Alberta. The base model uses a simulation based on historical data of a cattle
investor buying and feeding 100 heavy feeder steers each month from 1980 to 1989 in a custom feedlot
in Alberta. Several investment strategies are studied using this base model including hedging using
the Chicago Mercantile Exchange (CME) live cattle futures contract and participating in the National
Tripartite Stabilization Program (NTSP). Risk is measured using deviations from forecast net returns
(Mean Square Error) and the investment beta from the Capital Asset Pricing Model. The CME live
cattle futures contract adjusted for exchange rate and local basis is used to forecast Alberta slaughter
steer prices.

Hedging 100% of expected production significantly reduces slaughter price risk. Over extended
periods of time the cost of this strategy is not high. An Alberta cattle investor can get results similar
to 100% hedging by selling CME live cattle contracts equal to about 60% of the expected cattle pro-
duction. Basis risk, a part of hedging risk, is lower for the period 1985 to 1989 than for 1976 to 1980.
Basis risk for the Alberta catile investor does not prevent the effective use of the CME live cattle
contract for managing risk.

Participation in the NTSP reduces risk slightly but not significantly, and increases net returns.
The risk averse and risk neutral cattle investor benefits from participation in the NTSP.

The returns in cattle feeding in Alberta are not highly correlated to the TSE 300. A large por-
tion of cattle feeding risk can be diversified away by investing in the TSE 300.



Table of Contents

Chapter 1 Introduction

1

1.1 Study Objectives 1

1.2 SUTUAY PLAN ettt ctce e eeessevsssssn s s e sn s e s b erbee s s as e s ar s b e st e b e e st e e sanonanssossnsanson 2

Chapter 2 Cattle Feeding In AIDerta .ot et et s n st sss e nnsas 4

.1 Alberta and United States Cattle Markets oot 4

2.2 GOVEINIMENT PTOZIAMS oottt ertss ettt se s s et ses st s e 7

2.2.1 CBOP 7

2.2.2 NTSP 7

2.3 Alberta Custom FEEAIOLS ...ttt ettt e e 9
Chapter 3 Theorctical BaCKEIOUNU .ottt e 10
3.0 RISK coreeececcenteceorimresress e st e e esaecoaesr et aa s s eer st s s aer s s s s as e s s ne s b e s sa e R e e s s am e sas R e s s an s e st s as e s sn e s s 10

.1.1 Measuring Risk ....

3.2 Risk Management Stratcges ................................................................................................. 15
F3FULUTCES MATRCES ittt st e s e e s s st s s ens e s st e st e e sas b e s nb s e ab s e e 16

Pricing Efficiency In The Cattle Futures Market
2 Exchange Rate Forecast
HEUBIME oottt et st s et s arss e b ss e saeat e e e s e tent o ae st r s
Live Cattle Basis
Opumdl Hedge or Risk Minimizing Hedge Ratios

mwww /JJJ.T‘WUJW
'JJbeJbJ' ,..
U B Lo =

3
h
Fos
C
3
[
H
H
H
H
H
:
H
H
H
H
H
H
:
|
:
i
:
:
H
:
H
i
H
:
:
t
H
H
H
H
H
H
H
H
H
.
H
H
H
.
H
H
H
i
H
H
H
H
:
H
:

CHIPICT 3 DUl SOUICES ettt et e st
4.1 Futures Price - Live Cattle
4.2 EXCHBNEE RALC woirerecininirinint et es s e s sesssesesssessssesssestsasstsiassssnmstassmenssansbesssnssnrsnssssnsss 23
4.3 Live Cattle PriCes wieieeereeeveeceecanes
F.d FCU PFICES ooctieiiiiiceeieeieeteteeserc e enrse e e mstns s e s sessssssasasesmne e ana s e s san s se s s e st s mt e s et s en s s st saes :
4.5 Cuattle Numbers, Slaughter, and Import and EXPOTIS ettt 34
4.6 Gmunmc_nt PROBEAINS <eoevrvcureseemrenmmnmsnesiasssssessnnssessssssesessesasassessssssssssssnsessesenssnessssscmssnsssasss | 39
Chapt er 5 Methodology AN RESUILS .ottt 36
S.1Time Period e, reereeseeeasesssseesssestsantesatesbeenrare s bees s et s e Rt et s e sk e R Esan s st e asten et s beeas 37
5.2 NTSP FFOTCCUSLS vuveievrmereasansssmeveescesnanesseessessssssasissesnistessensssssssabhasessassessnasesessssesssnsssssessnisnasesas 37
5.3 Slaughter Steer Price FUTCCASTINE ottt a8
5.3.1 Cash Price Prediction ....orenceeens SO PU ORI OROURRRRRRRS .
3.3.2 Futures Cash Price PrediCtion .ot 41
5.3.3 Choice of Alberta Slaughter Steer Price Forecasting Model ......iininnnnn 44
5.4 ProducCtion FURCHOM .ivvceeccercrectiet e tcntieneesserasssessmssssrssssnssanesnseasessas st sosssssnesersassansanes 438
3.5 100% Hedge and HOM SUALELY ettt 57
5.6 OpUMUL HEUZINE cerereieneeenee ettt ittt sttt 61
5.7 Sclective INVESTMENT SIFALERICS ..coeriiiririeeiirnerrrseesse e assee st sttt s s ss s erss s ssne s 65
5.8 Analysis of Net Returns and RiSk MEASUIES .ottt 73
5.9 Issucs in Risk Measures and Other Research Conclusions ..o i)
S.10 SUIMIIMIATY corveeieerercearsieiitesseteresss e tane s e e et s re e e bas st so e b s e bo b SR Rr e R e R e S s s s b e s s 96
Chapler 6 CONCIUSIONS ettt bttt s s e 97
12313 FTRTUY 11 1113 OO RUUIUUOSRITETEUIPOPUSPOPITOIPRE SRS DDA 100
Appendix A Exact Parameters used in the Production FUNCUHON o 105
Appendix B Significance Tests On NCURCITNS oot e 107
Appendix C Complete HEdge RESUIS st 111

Appendix D Forecasting NTSP PAY OULS ottt e 115



Appendix E Sclective Investment Strategies - Number of Hedges or Selective Investments

................................................................................................................................................................... 118
Appendix F Mcan Square Error Tests Of SignifiCance weeecienesscensesemmmsssiess 119
Tests OF Price FOTecast MSE ittt eeec st sens et s tans s 12
Tests OF Nt RCHUINS MSE Lot cs st et st s can st st 126
Appendix G T-Bill 4nd TSE CalCultionS .ot 133
Appendix H ARIMA FOrecasting MOUCIS vttt st 136
APPENUIX | BUSES TESUME oo s sttt s 138



List of Tables

1. Corrclation Between Aiberta And Omahi Steer PriCes ...iieriiiieeeieeciniece e 6
2. MSE of Direct Slaughter Steer Price FOTCCHSIS .irriniieaneeniceesteeterseetereesseessee s esoaes 40
3. Alberta Basis Trend and Seasonality TECST oo eirenceenirminiireeesteeesaecssraeseseessessesseessessenses sesamessnn 42
4. MSE For Futures SIaUZhLET Price FOTCCASS ..ouvverviereeremeaeceeesenessesesseseeseesesessessemsss s sesesesemeenes 44
5. MSE For 1 MONth PriCe FOT@CASIS .....ocemiriereeireenciceccittniree e cesre e reseee et seesenas et nneee s

6. MSE FOr 2 MONth Price FOT@CAST ....covieeuiiiiieieeeirieesresrnrntesstnrestee s esse e etese e eese e ens e s eneen

7. Net Returns - Base Model - No NTSP ...

8. Net Returns - Base Model - With NTSP

9. Forecast Net Returns - No Hedging, NO NTSP ..ot 56
10. Forecast Net Returns - No Hedging, With NTSP ooccoiiiciriceneectreerreie et 56
11. Hedge Profits, 1980 - 1989 ...ttt stees e sessessneste st sessaasess et e s sasaresssss s e venes 57
12, 10096 Hedge - NO NTSP ..ottt rete e e et esre e see e st se e s b aeaean 60
13. 100% Hedge - WIth NTSP ottt teeseere e te s e s e see et sa e sss e et s e s re s aesee s sasaenn 60)
14. Forecast Net Returns - 1009 Hedge, NO NTSP ettt 61
15. Forecast Net Returns - 100% Hedge, With NTSP e 61
16. Sclected Optimal Hedge Ralios ..ottt et 63
17. Optimal Hedge Net Returns - NONTSP e 64
18. Optimal Hedge Net Returns - With NTSP e 6
19. Forecast Net Returns - Optimal Hedge, NO NTSP oceevnveeevreeeneeseesiessieessse s ssesssanes 65
20. Forecast Net Returns - Optimal Hedge, With NTSP .o, 65
21. Net Returns - 39 Selective Hedge, NO NTSP ittt 63
22. Net Returns - 39 Selective Hedge, With NTSP .t 63
23, Foswaast “sea Beturns - 3% Selective Hedge, NO NTEP e, 68
24, Fuy Ret.- 3% Selective Hedge, With NTSP et 68
25, Rer & - T-Bill Selective Hedge. ‘\lo NTSP ...................................................................... 69
26. Net % uumu - T-Bill Selective Hedgs

27. Forecast Net Returns - T-Bill Sl

28. Forccast Net Ret. - T-Bill Selective Foagpe, :

29. Net Returns - Sclective Investment, No H(.d;,e NO NTSP .t 71
30. Net Returns - Sclective Investment, No Hedge, With NTSP ..o 71
31. Net Returns - Selective Investment, With Hedge, NO NTSP ..o, 71
32. Net Returns - Selective Invest,, With Hedge, With NTSP ..o, 71
33. Forecast Net Ret. - Sclective Invest., No Hedge, NO NTSP ..., 72
34, Forecast N. Ret. - Selective Invest, No Hedge, With NTSP . 72
35. Forecast N. Ret. - Selective Invest. With Hedge NO NTSP i 72
36. Forecast N Ret. - Sclect. Invest. With Hedge With NTSP .. 72
37. MSE Of Cattle [nvestment NCURECUUINS .ttt ceeiieenes 74
38. Ditferent Risk Measures, Base Models, NO Hedging ..., 85
39. Different Risk Measures, 100% HCARING ... 85
40. Different Risk Measures, Optimal Hedging ... 86
41. Dilferent Risk Measures, 37 Selective Hedging oo, 36
42. Different Risk Mcasures, T-Rill Sclective HEAZINg  .ooeivoncevieeiieecee e, 86
43. Different Risk Measures, Seleciive INVESUMENT it 87
44, Mceans OF AIDCTLA BaSIS ittt ittt eranere s snssts st e se s st snn e 94
45, Mcans OFf Omaha BAasis «occoiiiiiiiiictiecircicticrse ittt ses s et sne s s re s ean e sean e 94
46. Mceuans Of Omaha Basis In CAn S oottt ettt 94

. Alberta-Omaha Basis Test



e e SN NN —
e

- —— ———
NN bt

Rofs

20.

Jlv
- —

]
!

[
‘29

Table of Figures

. Alberta Slaughter Cattle EXPOrts TO ULS. oottt tsirs s 5
. Alberta Slaughter Numbers of Steers and HEIfers e 5
- STAUPNICT SICCT PTICES worueriniuiiinieriecunicieisia sttt sttt seas st s s s 6
. Staughter Price MSE 1980 To 1989
. Slaughter Price MSE 1980 To March 1986
. Slaughter Price MSE April 1986 To 1989 ....
. Nect Returns of Cautle Finishing .................
. ROOI MSE FOr 1980 - 1989 ....nniieeteeensstnnaienns .

CROOUMSE 1980-1986 ...coveeeeieiiieurnientiieinsiiesssansssesessssssssnesanssssesatosssaes

..............................................................................................

L ROOE MSE I586-1989 ...eoiiieiivirecieeonreesseaertestesesessecsssssrsassassstessasssssossssssssunsasssssssanriasssssssanns

CNCLRCIUTNS =~ 1980 TO 1989 ....eeeerieeeenitcnessissssestesessssts st st ae s s e s s ee st satsts s st s s nsess
CNet Returns - 1980 TO March 1986 ... eieeeiciitnitienteseenteetrestecsssitsessies s s st s et s ana s tanees
. Net Retuins - April 1986 TO 1989 oottt sttt s e
. Mecan-Var Efficiency, MSE, 1980 To 1989
. Mcan-Var Efficiency, MSE, 1980 To March 1986 ...
. Mcan-Var Efficiency, MSE, April 1986 To 1989 .........
CCAPM Betas, April 1986 TO 1989 ...viiireiicciniinivinncennntnssansecsenes
CCAPM Betas, 1980 T 1989 ..cciiiiiiiiiciesrnincncenresesanesnansesssasnneens rvennnans
CCAPM Betas, 1980 TO March 1986 ......oiririemeiiscorsanenrississnsinstiests it sssstansaisns st sasaninseseneens
MSE Versus Std. Dev. Risk Mcasures, 1980 To 1989
" MSE Versus Std. Dev. Risk Measures, 1980 To March 1986 ...eecenminniseniesceninnninneiens 92
“MSE Versus Std. Dev. Risk Measures, April 1986 TO 1989 ..c.coivmiiieniinnicniiniiiniines G2
- AIDCTL NCUTDY BEASIS ot nenieee sttt sttt 93



Chapter 1 Introduction

The Alberta beef cattle industry is the single largest source of farm cash receipts in Alberta (Al-
berta Agriculture (1989)). Beef cattle receipts were 1.46 billion dollars in 1989 and were 32.4 pereent
of total farm receipts. The feeding and finishing of beef cattie in feedlots in Alberta is a big part of
the beef cattle industry in Alberta.

Alberta feedlots feed their ¢ wn cattle for slaughter markets or custom feed catile for outside
investors. Information on sources of risk and risk mapagement in the cattic feeding industry will
benefit Alberta investors in the beef industry. Selected comparisons to similar risks in the United
States will help compare the Alberta risk to the risk of cattle feeding in the United States.

Previous rcsearch on the risks in the cattle finishing industry is limited and possibly outdated.
Studics on the risks in cattle feeding in Canada by Caldwell et al. (1982), Gaston and Martin (1984),
Carter and Loyns (1985) and Gillis et al. (1989) end by 1983. Coles’s (1989) research ends in 1985,
Recent developments not included in these studies are possible closer links between Alberta and the
United States cattle market due to increased Alberta live cattle exports to the United States and the
Nutional Tripartite (Beef) Stabilization Program (NTSP), a government program that started in 1986.
The rescarch by Freeze et al. (1990) includes only the first year of the National Tripartite Stabiliza-
tion Program. These recent developments may have changed the risk in cattle feeding in Alberta and
the risk management strategies used by a cattle feeder investor.

These previous siudies report conflicting results on risks in cattle feeding or the use of certain
risk management strategies such as hedging. Part of this conflict may arise trom the different defini-
tions of risk used by these studies and the different time periods covered.

This study updates research on catile feeding risk in Alberta to the end of 1989. The measure-
ment of risk and the differences in risk management results from previous studies are discussed.
Cuattle feeding price risk in Alberta is compared to a selected location in the United States. Ditferent
cattle investment risk management strategies, including participation in the NTSP, arc evaluated.
This study will help cattle feeder investors assess risk, use risk management strategics, compare the
risk in Alberta cattle feeding to United States cattle feeding and compare cattle feeding investments
to aliernative non farm investments. The next section states the research objectives and gives an out-
linc to the rest of the research.

1.1 Study Objectives

This study evaluates the risks and returns from investing in heavy steers! in custom feediots in
Alberta. Specific objectives of this study include:

1. Identify the sources of risk for an investor in beef feeder cattle,

2. Mucasure realized net returns in cattle feeding and the variation in these returns from pre-

dicted.

3. Evaluate and compare beef feedlot investment opportunities 1o alternative investments.

I Heavy feeder catile as defined in this study are cattle weighing over 363 kilograms (800 pounds) and
fed for the slaughter market.



4. Compare different methods of forecasting slaughter steer prices in Alberia.

5. Investigate the live cattle basis2 and basis variability compared to the United States and
prior time periods.

6. Investigate the conflicting results in the literature on risk and risk management in cattle
feeding in Canada.

7. Include the National Tripartite Stabilization Program (NTSP) for slaughter beef cattle in
the study, the effect of the NTSP on risk and returns and the effects on other risk management
strategics.

8. Investigate risk management using the Chicago Mercantile Exchange futures market to
hedge Alberta slaughter cattle.

9. Investigate and measure risk on different investment strategies for Alberia cattle investors.

1.2 Study Plan

Chapier 2 discusses the Alberta cattle feeding industry and provides motivation for the research
methods used. The relationship between the Alberta slaughter market and the United States slaugh-
ter market is discussed. The new government programs are described. These changed market condi-
tions and programs may influence cattle feeding risk and risk management by Alberia cattle investors.

Chapter 3 explains the theory behind the analysis in this research. The theory deals specifically
with the definition of risk, futures markets, price prediction, futures market efficiency, hedging and
optimal hedging. The risk measures used in this study, Mean Square Error (MSE) and the investment
beta from the Capital Asset Pricing Model (CAPM), are explained. Detailed references and compari-
sons to other research are made in this chapter.

Chapter 4 reviews the data used in the research. Limitations and problems in the data are
explained.

Chapter 5 explains the research methods used and reports the results. A production function
for cattle feeding is built. A historical simulation has an Alberta caitle investor purchase 100 heavy
feeder steers cach month and feed these cattle to slaughter in a custom feedlot. Actual historical data
for the main time period 1980 to 1989 is used. Nine different methods of forecasting slaughter sieer
prices are estimated, compared and tested. One price forecast is chosen and used to measure risk in
canle feeding., Cost of production and net returns on each lot of feeder cattle fed are calculated. Net
returns from cattle feeding are compared to different risk management strategies including hedging
strategies, participation in the NTSP and selective feeder cattle investments. A cattle feeding invest-
ment is compared o non agricultural investments using the Capital Asset Pricing Model. The Cana-
dian 91 day Treasury Bill (T-Bill) and the Toronto Stock Exchange (TSE) 300 index are used in the
analysis of the different strategies and the comparison to non agricultural investments. Alberta basis
and slaughter prices are compared to the Omaha basis and slaughter prices to measure the relative
risk in cattle feeding between the two tocations.

2 Basis is the difference between the Alberta slaughter price and the relevant live cattle futures price.
Live cattle basis and its importance to this study is defined later in the paper.



Chapter 6 discusses applications of the results to cattle investment in Alberta. Limitations in
the results are discussed. Future research directions are outlined.

The appendices contain background results uscd or derived by this study. These include the
exact parameters used in the production function, the mean square error tests, and calculations of the
rcal returns in T-Bills and the TSE 300 index.



Chapter 2 Cattle Feeding In Alberta

This chapter describes the institutional background for this study. Included here are reviews of
1he Alberta and United States cattle market, government programs and the Albertia custom feedlot
industry. The first section describes the relationship between the Alberta and the United States cattie
market and how this relates to risk in cattle feeding. Government programs and their possible impact
on cattle feeding risk are then described. The chapter concludes with a brief description of the feedlot
industry in Alberta and how this information is used to choose a cattle feeding model.

2.1 Alberta and United States Cattle Markets

Alberta feedlots produce more slaughter beef cattle than are consumed in Alberta. Therefore,
Alberta exports live slaughter cattle and beef to other provinces and other countries. The main
importing country of Alberta slaughter catile is the United States.

Figure 1 displays the number of live cattle €xports 1o the United States for the years 1969 to
1989 (Alberta Agriculture). 98 to 99 per cent of Alberta’s live caitie exports to foreign countries were
10 the United States. Exports of live cattle from Alberta to the United States increased during the
198(ys. This is evidence of closer linkages between the Albert> and the United States cattle market.

The total numbers of steers and heifers staughtered in Alberta have remained constant or
dropped over the period 1976 to 1989. This is shown in Figure 2, a graph of total slaughter numbers
of steers and heifers in Alberta (Alberia Agriculture). Figure 1 and Figure 2 show the increased
importance of the United States market for Alberta cattle. Alberta slaughter prices should closely
follow the prices in the United States if Canadian prices are based on the United States cattle market.

A graph of the nominal slaughter steer prices for Alberta and Omaha are in Figure 3. These
monthly price series are described in Chapter 4. The graph shows a close relationship between the
Alberta price and the Omaha price even though the Omabha price is in U.S. dollars. Alberta and the
United States use different currencies and the Canada-United States exchange rate is required to
girectly comparce slaughter prices between the two countries.
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Table 1
Correlation Between Alberta And Omaha Slaughter Steer Prices
All Prices Are Nominal
Time Period Correlation Correlation
No Adjustment For Exchange Omabha Prices Adjusted to
Rate Canadian $
1976-1989 0.933 0.977
1976-1979 0.981 0.986
1980-1985 0.598 0.746
1980-1989 0.660 0.819
1986-1989 0.707 0.835

The correlations between nominal Alberta slaughter steer prices and nominal Omaha slaughter
steer prices are in Table 1. The correlation between the two cash prices is higher in the period 1976
10 1979 than in the period 1986 to 1989. However the correlation for the period 1980 to 1985 is



smaller than for the period 1986 to 1989. The evidence is not conclusive that the markets are now
more closely linked. The later 1980’s appear io show a closer linkage between the two markets than
the carly 1980’s.

A close relationship between the Alberta and United States cattie markets suggests that the
slaughter prices in both locations are linked together. Price movements in the United States cattle
market should lead to similar price movements in the “dberta market. Alberta prices for slaughter
steers should not fluctuate independently of United States prices. Alberta investors should be able 10
use the United States market, including the futures market for live cattle, in assessing price risk.
Alberta investors in the late 1980’s may find the Chicago Mercantile Exchange (CME) futures market
more useful for managing cattle feeding risk than during the 1970's or the early 1980's.

2.2 Government Programs

Government policies and programs can significantly impact on the cattle feeding industry.
Government programs may change the risk of the investment and it cannot be assumed that a govern-
ment program reduces risk. The Crow Benefit Offset Program (CBOP) and the National Tripartite
Stabilization Program for slaughter beef animals {NTSP) are the programs included in this research.
The following sections describe these programs, relate their probable impact on cattie feeding risk
and state how these programs are included in the research simulation.

2.2.1 CBOP

The CBOP is a feed cost reduction program paid by the Alberta provincial government to live-
stock producers. It compensates Alberta livestock producers for the positive impact on feed grain
prices caused by the statutory grain rail freight rate subsidy. This freight rate subsidy is commonly
referred to as the Crow freight rates. It is perceived that the federal government statutory grain
freight subsidy for export grain increases the price of feed grain for Alberta livestock producers.

The CBOP started September 1, 1985. It pays a livestock feeder a fixed amount for each tonne
of feed grains fed to livestock in the province of Alberta. There is usually no uncertainty in the
amount of payment the cattle feeder qualifies for under the CBOP.

The subsidy was paid at the following rates:

September 1, 1985 to June 30, 1987 $21/tonne
July 1, 1987 to Aug. 31, 1589 S13/tonne
September 1, 1989 to end of this study $10/tonne

The CBOP is included in the production function in this research. It reduces the cost of feed
used in the production function. Nearly all livestock producers participate in this program in Alberta.
The owner of feeder cattle in a custom feedlot qualifies for this program.

2.2.2 NTSP

The NTSP is a federai ud provincial stabilization program for livestock producers. The pro-
gram started in July of 1986 with retroactive payments to April 1986. Cattle feeders are not required
(0 join the program. Any cattle feeder who joins the program must register all caude fed. The
following describes the NTSP for the slaughter cattle option.



The NTSP uses a guaranteea margin approach to provide protection against increasing produc-

tion costs and falling market returns. The guaranteed margin from January 1, 1986 to December 31,
1988 was 85% based on quarterly calculations. The margin changed to 90% starting January 1, 1989
when calculations switched to monthly results. Payments are triggered when the current calculated

marg:n drops below the guaranteed margin.

ada):

The program describes the cash cost of production and the selling price as (Agriculture Can-

...The cash costs of production are the estimated costs of purchasing a mixture of calves and
short keeps and eventually producing cattle for slaughter purposes. .he costs of these replace-
ment calves and short keeps and the costs of feed, interest, trucking and selling are used by the
slaughter option to determine support levels. These costs are weighted by inspected Western
Canadian slaughter plus exports and by inspected Eastern Canadian slaughter minus imports of
U.S. cattle...

The national average selling price of slaughter cattle is a weighied average of a blend of grades
A, B and C slaughter cattle prices. It is calculated by using 96% of the Al and A2 rail grade
griccs converted to live weight equivalent prices. In this conversion, it is assumed there isa

8.5 dressing percentage for steers and a 56.5 dressing percentage for heifers. The prices used
are those for Alberta, Saskatchewan, Manitoba and Ontario as reported by Agriculture Canada
in the Livestock and Meat Trade Report. The prices are weighted by the federally inspected
slaughter volume...

The following equations show in general how support levels and pay outs are calculated:
1. SL=CC+ .85(FASP-FAC)

Payment=NMP-SL

where:

SL is the supEon level for the month,

CC is the cash cost per head for the month,

.85 is the guaranteed margin percentage,

FASP is the five year average selling price for that month,
FAC is the five year average costs for that month,

NMP is the national average price per animal and
Payment is the per head pay out (if the calculation is < 0)

Premiums arc shared equally by the producer, the provincial government and the federal gov-

crnment. The producer premium was:

January , 1986 to June, 1987 $6.60 per head
July, 1987 to March, 1989 $7.40 per head
April, 1989 to end of study $8.10 per head

The NTSP terminates December 31, 1995. Any deficit in the fund at that time will be shared by

the federal and provincial government. Any surplus will be used for the general benefit of the
producers.

There is uncertainty associated with pay outs from the NTSP. First, cattle investors may receive

a price for their cattle that is different from the national average selling price. Secondly, the cattle
investor may have different costs than the national average costs. Thirdly, the cattle investor may not
be able to accurately predict the future pay outs of the NTSP program at the start of any feeding
period.



All slaughter animals used in the historical ¢imulation in this project mect the minimuim
requirements for the NTSP. Minimum requirements are that the animals be owned for over 60 days,
that steers weigh over 476 kg (1050 1b) live weight (or provide proof of slaughter if a lighter weight)
and grade A, B,or C.

The actual NTSP pay outs are added to the gross revenue of cattle owners participating in the
program in the historical simulation. Scenarios of participating versus not participating in the NTSP
are included in this research3. The measurement of risk defined later in this study requires the fore-
cast of NTSP pay outs at the time feeder cattle are placed in the feedlot.

The expected effect of the NTSP program should be to increase net returns. The effect on risk,
defined as MSE, is not clear. This research studies the effect on risk of participating in the NTSP.

2.3 Alberta Custom Feedlots

The cattle feeding industry provides opportunities for non feedlot owners to own and feed
cattle. These custom feeding feedlots charge the investor for the cost of producing the animal. This
provides the rational for the research method used in this study. The ownership of the feedlot is sepa-
rate from the ownership of cattle. This simplifies the analysis. This research takes the viewpoint of
an investor buying and placing steer feeder cattle in a custon. feedlot.

The custom feedlot looks after the feeder animais. The feedlot feeds the animals rations of
grain, silage and other necessary supplements. The main ingredients in the feeder rations in Alberta
are barley and silage. The feedlot charges the customer for the feec, :he cost of bedding, the veteri-
nary cost, and a daily yardage cost. All costs are paid by the owner of the feeder cattle.

Various types of cattle such as heifers or steers can be placed in the feedlot. The quality of the
animals, which indirectly refers to the ability of the particular animal to gain weight quickly and com-
plete the feeding jweriod as a top grading slaughter animal, varies. Higher priced feeder animals in the
same weight category are usually better quality animais. The weight of animals going into the fecdlot
can vary from 227 kg (500 1b) to 454 kg (1000 1b). Production risk, such as unexpected higher cattle
death loss, or unexpected low rates of gain, decreases with heavier animals.

This research assumes the cattle investor purchases 100 heavy good quality feeder steers cach
month and places them on feed in a custom feedlot. The finished animals arc sold in the Alberta mar-
ket approximately 90 days later. More details on the production parameters are in chapter 5.

The institutional background reviewed in this chapter suggests that cattle feeding risk may be
different in the latter part of the 1980’s than in the early part of the 1980's or later 1970°s. New gov-
crament programs and closer linkages between the Alberta and United States cattle markets may
change the risk and risk management conclusions reported by earlier studies. This study updates the
rescarch on the cattle feeding risk and includes these institutional factors. The separation of the own-
ership of the feedlot from the ownership of the cattle simplifies the research methods used.

3 Discussions with Alberta Agriculture, Central Program Support, indicated that most (if not all)
major cattle feeders in Alberta are enrolled in the NTSP for slaughter beef cattle.
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Chapter 3 Theoretical Background

This chapter revicws the literature, describes risk and explains risk s .anagement strategies.
Section 3.1 briefly reviews the expected utility model (EUM), the main risk model used in this study.
Problems with risk measures used in previous studies on cattle risk in Canada are discussed. Nexi. the
risk measures, MSE and the beta from the CAPM, are described. Possible risk management stratcgies
available to the Alberta cattle investor are explained in section 3.2. A dezailed look at the futurcs
market and its role in risk management follows in section 3.3. Cattle basis is then defined and the
role basis has on risk is analyzed. The chapter concludes with a detailed discussion on optimal hedge
rutios and estimating optimal hedge ratios. These topics provide a background to the risk measures
and to the risk management strategies used in the research.

3.1 Risk

The literature on risk in economics and business is extensive and contains severai different
mecasures and models of risk. Young (1984) reviewed risk concepts and measures used by economists.
He placed them into three classes.

1. Decision rules requiring no probability information.
2. Safety first rules.
3. Expected utility maximization.

The expected utility model (EUM) from Von Neummann and Morgenstern is the most com-
mon risk concept in the literature. Mean-variance models, a special category of EUM, are used exten-
sively and underlie much of the analysis in: this research. The expected utility (EU) of a profit
function can be rewritten in terms of the utility of its certainty equivalent expression. The model
starts from a certain profit function such as (Barry and Robison (1987) or Selley (1984)):

2.y=pg-C(q)-b

where:

y is profit

p is output price

(é:is quantity

(q) is variable cost and

b is fixed costs.

Assume profits are normally distributed and the investor has a negative exponential utility
function?. The investor’s expected utility with this profit model in equation 2 (EU(y)) when prices or
quantity are stochastic is equivalent to the utility of the certainty equivalent profit (U(yce)) of equa-

tion 3.

3. A
Yee = E(y)—gVar(y)

where:

-/ .18 the certainty equivalent profit

E(y) is the expected profit,

A is the Arrow - Pratt coefficient of Absolute Risk Aversiun and
Var(v) is the variance of profit.

4 The negative exponential utility function is &/ (y) = —e ™™
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The EU(y) equals the U(vce). The second term on the right side in equation 3, (A7 2)var(y )
is the risk premium. This risk premium measures risk or the amount ag individual is willing 1o pay to
move from expected profit, E(y), to a certain level of profit, yce. Maximizing EU(y) is equivalent to
maximizing U(yce). The certainty equivalent expression is easier to use in analyzing risk.

This type of EUM underlies some portfolio selection theory (Markowitz (1952), Selley,
(1984)) and the CAPM used in finance (Barry and Baker (1984), Sharpe (1964). Lintner (1965)). The
EUM certainty equivalent expression is used in the analysis of the optimal hedge in section 3.3.5, a
type of portfolio selection problem.

The EUM can be used 1o represent risk averse, risk neutral or risk seeking cattle investors. The
risk averse investor (A > O) in the EUM minimizes risk for any given level of profit. The risk ncutral
investor (A = O) is only interested in maximizing profits and is indifferent to risk or measuring risk.
The risk seeking investor (A < O) maximizes risk for a given level of profits. Neither the risk neutral
nor the risk sceking cattle investor appears intuitively appealing in this study. The cattle investor in
this study is assumed to be risk averse. The assumption of risk aversion is required for the risk effi-
ciency criterion (explained below) and the CAPM.

Risk efficiency (King and Robison {1984)) maximizes individual utility by ordering choices
between different cattle investment stra egies or portfolios of investment. Ajternative investment
choices are ordered using the mean and variance of profits using the model in equations 2 and 3, and
the assumption that the investor is risk averse. For example, two strategies, X and Y, are ranked
based on profits or net returns. Choice X is preferred to (or dominates) choice Y if the Mean(X) 2
Mcan(Y) and the Variance(X) < Variance(Y) and one of thése two inequalities is strict.  This says
that more is better than less and that less variance for the same of amount of income is better than
more variance. Under the assumptions used here, the mean-variance risk efficiency criterion is equiv-
alent to the efficiency criterion using second order stochastic dominance.” The mean-variance risk
efficiency criterion may not always give clear choices between different strategies.

The risk cfficiency criterion can be extended to groups of assets and different expected rates of
rcturn. Mecan-variance risk efficient sets are combinations of risky assets with minimum variances for
different expected returns (Barry and Brown (1984)). This concept is used in the CAPM. A variation
of this risk efficiency criterion is used in chapter 5 to rank different cattle investment strategies.  The
variance of historical returns is replaced with MSE. The EUM is the theory behind the risk measures
described next.

5 Sccond order stochastic dominance, a way of ordering investments using the first and second
moments of their distributions, is defined as X dominates Y if the distribution functions of X, F, and
Y, G, have the following property where [*_ F(k)dk < [%.C(k)dk forall k and the inequality is
strict for some value of k.
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3.1.1 Measuring Risk

Risk is measured using two standards in this study. These two measures are mean square error
(MSE) and the beta coefficient from the Capital Asset Pricing Model (CAPM). The risk measures
used in previous Canadian studies are outlined first in this subsection. The reasons for choosing the
1wo risk measures and only measuring slaughter price risk in this study are explained.

The literature on Canadian risk in cattle feeding uses different measures of risk. Caldwell et al.
(1982), and Carter and Loyns (1985) used historical standard deviations of net revenue as measures of
risk. Gillis et al. (1989) compared the monthly net cash flow for different strategies for a cattle feeder
feeding cattle year round. Gaston et al. (1984) compared the net cash flow of different strategies and
quantified the probability of gelting a positive cash flow based on historical information. Turvey and
Driver (1987) and Brown (1989) used CAPM to measure cattle feeding risks relative to some speci-
ficd market portolio. Coles (1989) used the mean square error of deviations from forecast returns
and CAPM as the measurements of risk. Freeze et al. (1990) used deviations below a target profit
level as their definition of risk and forecasts were based on historical profits.

The historical standard deviations as a risk measure is a naive assumption that producers do
not use currently available information in farm planning. The study by Freeze (1990) ignores current
market information that investors could use in making investment decisions and in determining risk
in an investment. Gillis et al. (1989) and Gaston et al. (1984) use net cash flow as a measure of risk.
This also ignores the aspect of risk defined as deviations from a predicted value using all available
information.

Canadian studies using the same risk measure have reported different results. The study by
Caldwell ¢t al. (1982) and Carter and Loyns (1985) used the historical standard deviation of net reve-
nuc as the measure of risk. Caldwell et al. (1982) reported that 2 100% hedging strategy on slaughter
cattle was risk increasing over not hedging. Carter and Loyns (1985) reported that a 100% hedging
strategy was risk decreasing over a no hedging strategy for steers. Coles (1989) reported a beta of 0.64
on cattle feeding in Alberta for 1972 to 1985. Brown (1989) estimated a beta of -0.182 for Saskatche-
wan cattle feeders for 1971 to 1987. Both Coles and Brown used the same market portfolio in their
CAPM.

Young (1984, p.40) discussed the estimation of the parameters in a mean-variance EUM
model. He reviewed the various methods used for estimating the mean and the variance. Young con-
cluded this section with "If the practical value of EV sets to decision makers rests on the normative
information they provide about future outcomes of current decisions, then the vector ushould
represent forecasted expected returns for the decision period. Similarly, ois the variance-covariance
matrix of these forecasts.” Young (1984) was suggesting some type of mean square error (MSE) as
the risk measure in mean-variance analysis and the use of estimation procedures such as ARIMA
models, cconometric models or other forecasting models. The statistical variance of this model sup-
plics & measure of risk. Peck (1975),and Brandt (1985) also discussed the use of forecast error as the
only portion of variance that is relevant to a decision maker in hedging.
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Rational investors are assumed to use current as well as historical information in measuring
risk and making investment decisions. This leads 10 the use of MSE rather than standard deviation as
one risk measure. The MSE is useful in comparing the risk between different cattle investment strat-
egies. MSE measures the dispersion of the predicted value around the observed value of the parame-
ter (Kmenta (1971 p.156)). Itis defined as:

i

MSE-= 3 X, -
E (n—.l);(\‘ Y')

where:

X ,is the predicted value

X ,is the observed value.

The choice of the forecast in the MSE is discussed in chapter 5. High preference is given o
price predictions with lower MSE. Several different slaughter piice forecasters and NTSP pay out
forccuasters are evaluated later in this study. Coles (1989) used the Chicago Mercantile Exchange
(CME) futures market for price forecasting. Following the suggestion of Young (1984), ARIMA,
cconometric and other slaughter price forecasters are also tested in this study.

The second risk measure used is the beta from the CAPM (Sharpe (1964), Lintner (1965)).
This measure is useful when comparing the cattle feeder investment to non agricultural investments.
The CAPM is based on the mean-variance EUM, equation 3, and assumes the investors are risk
averse and hold diversified investment portfolios. Explanations on the CAPM are in business finance
texts such Brealey et al. (1986) or Ross and Westerfield (1988). Applications of CAPM 1o agriculture
are in Barry (1980), Turvey and Driver (1987), Coles (1989) and Brown (1939).

The beta coefficient from the CAPM is defined as:

5. o= cOu(o.z'. M)

where:
3 is the beta coefficient for the investment X

Cov(X,M) is the covariance between the returns on investment X and the market portfolio
return M and

o g, is the variance of returns on the market portfolio.

The beta in this study is calculated as a linear Ordinary Least Squares (OLS) regression of the
returns of the asset on the returns of the market portfolio. The beta is calculated in this study using:

6. X = Constant+ MB+p

The beta, a measure of systematic risk (Brealey et al.. (1986), Ross and Westerfield (1988)),
measures the variation in returns between the asset and the market porifolio. Systematic risk is
alfected by overall factors in the economy and is not eliminated by diversification. A beta of 1 indi-
cates the asset has the same systematic risk as the market portfolio. A beta less than 1 indicates the
asset has a lower systematic risk than the market portfolio. Non systematic risk is unique to the assct
and can be climinated by diversification. The market portfolio in CAPM can be a market index such
as the TSE 300 (Coles (1989), Brown (1989)) or some farm market index (Turvey and Driver (1987),
Collins and Barry (1986)). A diversified portfolio only has systematic risk.
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The systematic and non systematic risk portions can be calculated (Turvey and Driver (1987, p.
389)). This measures the relative proportions of risk in the cattle feeding investment compared 1o
some market portfolio. The non-systematic risk can be diversified away by investing in the market
portfolio. The systematic portion of risk is:

,7' PemTu«

The non systematic portion is defined as:

8' ( l - px.nx)ax

where:

P . mis the correlation between X and M and

o . is the standard deviation of the returns for X.

The o . is replaced by the square root of the MSE in this study when risks in equations 7and 8
are caleulated.

There ars questions regarding the appropriate market index to include in the CAPM model.
Turvey and Driver (1987) used a market portfolio composed of 28 farm products in the Ontario mar-
ket. The risk free asset was the cash rent on land. Collins and Barry (1986) used a single index port-
folio model 10 estimate the beta of 12 California crops and used this crop mix as the market portfolio.
There is no evidence or conceptual rationale presented that the market indexes used by Turvey and
Diriver or Collins and Barry are actual portfolios used by farm investors. This may render the beta
calcalated in these studies irrelevant.

There is evidence that market indexes such as the Toronto Stock Exchange 300 (TSE 300) are
more appropriate as a market index (Brealey et al. (1986, p-166). For example, the use of diversified
mutual funds as part of an individual portfolio would tend 10 follow the index used by Coles (1989)
and Brown (1989%). This study uses the TSE 300 as the market portfolio.

Government policy designed to reduce risk or increase mean income may lead a farm manager
to increase risk (more debt) or change production and investment decisions (Gabsriel and Baker
(1980), Collins (1985), Featherstone et al. (1988)). There may be a certain level of risk and returns
that the investor desires to maintain. The investor may therefore find ways 10 increase risk and poten-
tial returns if risk is reduced by a government program. These aspects of government programs are
not explored in this research.

Coles (1989) evaluated the production risk and the price risks, in feeding 380 kg (838 Ib) feeder
steers 1o slaughter in Alberta. He concluded that almost all of the risk was due to slaughter price
changes and not production related. Feder et al. (1980) developed a2 model of the firm with no pro-
duction risk and suggested cattle finishing fits this particular model. The model in this research
includes no production risk. The production risk is probably small in relation to the price errors and
the production risk is likely uncorrelated with price or the market portfolio. Therefore production is
expected to contribute very little to the total risk. The risk measured by the MSE and the beta from
CAPM includes slaughter price risk and includes no production risk.
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3.2 Risk Management Strategies

The risk management strategies used in this research are gathering information, hedging, diver-
sifying, and participating in public programs. Robison and Barry (1987, p.59-70) list many more pos-
sible responses to risk. The following discussion describes the type of risk management tools and
strategies used in this study.

The different models used to forecast Alberta slaughter steer prices and NTSP pay outs in the
simulation represents the gathering of information.  Improved price or revenue forecasts are better
information. MSE is used 10 measuic and comparce these forecasts. Different investment strategics
can be followed using the information.

The CME futurcs market has two possible roles in risk management. The first role is in infor-
mation gathering. The slaughter steer price forecasting accuracy of the futures market is compared to
other forecasts using Alberta cash prices, ARIMA models and econometric models. This price
forecasting role involves issues such as live cattle futures contract pricing efficiency, forecasting Can-
ada and United States currency exchange rates and forecasting basis to estimate an Alberta cash price.
Different methods of basis forecasts are measured and compared. These futures market issues are
discussed in detail later.

The second role for the futures market is hedging slaughter catile. The definition of hedging
and the different kinds of hedging are explained later in this chapter. The theoretical optimal hedge
and its estimation are analyzed. The use of hedging and the optimal hedge are also related o the
issue of futures market pricing efficiency and diversification. The optimal hedge under certain condi-
tions is a special case of diversification in a two asset portfolio holding futures contracts and feeder
cattle.

Diversification is measured in this study. The beta measurement from the CAPM and the mea-
sures of svstematic MSE versus non systematic MSE riicasure the effectiveness of diversifying the
cattle invesitment by investing in the TSE 300.

Joining public programs is another risk management alternative. The two programs included
in the historical simulation are the CBOP and the NTSP. The CBOP is not expected to change risk
(MSE) since there is very little uncertainty associated with this program. The CBOP is included to
reduce the cost of production and increase net income.

The anticipated effect of the NTSP on risk is not certain. The NTSP is expected to increase
mecan income based on the premium contributions by the two levels of Canadian government. The
risk is measured by MSE and the beta from CAPM. Therefore, forecasts of the NTSP pay outs are
required. The details on the different forecasts compared are in chapter 5. It is the stated intention
of the NTSP to reduce risk in cattle feeding. This gives the first hypothesis in this study.

Hypothesis: The NTSP has reduced the cattle feeding risk in Alberia.

Gathering information, hedging, diversifying and joining public programs are the general risk
management strategies analyzed in this research. ‘The details on these strategies are explained in
chapter 5. The next scction covers topics relatd 10 the futures market and its role in risk manage-
ment.
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3.3 Futures Markets

The futures market used by Alberta cattle investors is the Chicago Mercantile Exchange
(CME), in Chicago, Iilinois, United States. The only contract used here is the live cattle contract for
slaughter steers. The next sections review the role of the futures market and previous research on the
futures markets in price forecasting and in risk management. The market efficiency issue is examined.
Next, the best forecast for the Canada-United States exchange rate is reviewed. The exchange rate
forecast is required to convert price forecasts from U.S. dollars to Canadian dollars. Hedging and live
cattle basis and their role in risk management are then discussed. A detailed discussion of optimal
hedge theory and optimal hedge estimation concludes the chapter.

3.3.1 Pricing Efficiency In The Cattle Futures Market

Pricing efficicncy is an important issue when using the futures market for price forecasting.
Efficient markets should give superior price forecasts and better forecasts reduce risk. Three tests for
market efficiency are commonly referred to in the literature. These tests are weak form, semi-strong
form and strong form (Leuthold and Hartmann (1981. p. 71-72), Ross and Westerfield (1988, p.302-
308), Blank (1989, p. 129-132)). The weak form tests whether all historical information is in the
futures price. The semi-strong form tests whether historical and current public information is
included in the price. The strong form tests whether all information, public and private, is included in
the price.

Weak form market tests were reported by several researchers. Leuthold (1974) concluded
using a weak form test on live cattle futures contracts that for more distant futures (beyond 15
months) the cash market was a better predictor of the future spot price than the current futures price
during the period 1965 to 1971. These were the start up years for the live cattle contract on the CME.
The futures price was more accurate in predicting the future spot price for 3 months in the future or
less. Shonkwiler (1986) using time series methods concluded that the live cattle futures market is not
a rational price forecast for periods over 4 months. For two month periods the rationality of forecasts
from the futures market would be accepted using conventional statistical tests. The four month fore-
cast would be accepted as rational at the 10% significance level. Martin and Garcia (1981) studied
the period from 1964 1o 1977 and concluded that live cattle futures do not provide better forecasts
than lagged cash price forecasts.

Kahl and Tomek (1986) discussed problems of estimating weak form market efficiency models
using OLS and scemingly unrelated regression estimation procedures and the aggregation or disag-
gregation of data in the procedure. Their results questioned the results of weak form market effi-
cieney tests using the traditional model S pot Price = a+ 3(prior futures price) + residual

Scmi-strong tests were reported by several researchers. Leuthold and Hartmann (1981) tested
the cattle market by comparing an econometric model to the futures market. For the period 1971 1o
1978 the futures markei was not always efficient since the econometric model outperformed the
futures market over several time periods. Carter et al. (1983) concluded using the CAPM that there
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was "Normal Backwardation"0 in the livestock futures market and other commadities. However a
comment by Marcus (1984) questioned the results of Carter et al. (1983) based on perceived biases in
the market index chosen. Ehrhardt et al. (1987) tested market efficiency using Arbitrage Pricing
Theory’ and concluded that there was no normal backwardation in wheat, soybeans and corn futures
as found by Carter et al. (1983). Just and Rausser (1981) compared the cattle futures 1o commercial
cconometric models for accuracy for the period 1976 to 1978. The live cattle futurcs had a smaller
root mean square error than four of the five models tested for one quarter. The root mean square
error for cattle futures tended to be greater than the econometric forecasts for longer horizons than
one quarter. Econometric models were better forecasters than the futures market over longer time
horizons. Garcia et al. (1988) tested the efficiency of the live cattle futures market using an econo-
metric model, an ARIMA model and a composite model for the period up to 1985. The mean square
error of the futures market tended to be larger than the other model forecasts, however under a
simulation exercise the authors could not conclude that the futures market was incfficient.

Buccola (1989) questioned the research that concluded the livestock markets were inefficient
based on perceived problems with these studies. The literature reviewed here used different price
forecast models for comparison to the futures market price forecasts. These included lagged cash
prices to forecast the subsequent cash price, ARIMA models and econometric models. These com-
peting slaughter price forecast models are compared in this study.

The live cattlc frrures market efficiency is tested using the competing price forecast modcls
developed in this study. The MSE of futures price forecasting models are compared 0 the MSE of
competing models. This leads to the second hypothesis in this study.

Hypothesis. The CME live cattle futures market adjusted for basis and exchange rate is an
unbiased price forecast for Alberta cattle feeders.

The literature reports mixed resuits on the efficiency of the live cattle futures contract as a price
forecaster. One to three month time horizons prior to the contract expiry month are efficient. Peri-
ods over 4 months have other models or even current cash prices that provide superior price fore-
casts. This study will use forecasts of 1 to 5 months prior to the contract expiration month. Therefore

the futures market will be in an area where the literature results suggest it may not be a good price
forecaster.

3.3.2 Exchange Rate Forecast

The United States and Canada have different currencies. A forecast spot exchange rate
between Canada and the United States is nceded when using the CME live cattle futures contract for

6 Normal backwardation is a term for futures prices to be consistently downward biased forecasts of
the subsequent cash price. This is explained in more detail in the hedging section.

7 See Ross and Westerfield (1988) for a simplified explanation of Arbitrage Pricing Theory. p.181-
194. A more delailed explanation is in Ross, S.A. 1976. "The Arbitrage Theory of Capital Asset Pric-
ing." Journal Of Economic Theory. 13: 341-360.
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price forecasting. Coles (1989) used the 90 day spot futures exchange rate to convert forecast U.S.
prices from the CME futures market to Canadian prices. This section reviews the literature on fore-
casting exchange rates and the choice of exchange raie forecast for this study.

Longworth et al. (1983) reviewed the literature on exchange rate efficiency and empiricaliy
tested the Canada and U.S. exchange rate. The spot exchange rate was a better forecaster of the
future spot exchange rate than the current forward exchange rate. Their empirical tests further con-
cluded that the futures exchange market for Canadian and U.S. dollars was not efficient and there was
a time varying risk premium. Boothe and Longworth (1986, p.145) stated:

The evidence ... indicates that the forward rate is not the best predictor of the future spot rate.
At the minim:m, forecasters would be advised to use the current spot rate, which Meese and
Rogoff (1983) have shown outperforms the forward rate.

Wolff (1988) discussed more recent studies that did not show models with improvements over
the naive random walk forecast. A further test of another model by Wolff ( 1988) did not generally
out perform the random walk forecast. Chrystal and Thornton (1988) showed that the spot rate was
in general a hetter predictor of the future spot rate than was the current forward rate of the same
maturity.

There was no evidence in the reviewed literature that the futures market for exchange rates
provides superior forecasts. This study uses the current spot exchange rate as the relevant forecast of
the future spot exchange rate. This is a simple forecast and has not been consistently outperformed
by more complicatcd models.

3.3.3 Hedging

The second risk management role for the futures market is hedging. Hedging is a private risk
control management strategy. Hedging is defined in this section. The literature on hedging and how
hedging is used to manage risk is reviewed and the hedging resuits from other Canadian studies are
presented. These results allow comparisons to the results in this study.

Traditional theory viewed hedging strictly as the transfer of risk from the hedger 10 the specu-
lator. Leuthold et al. (1989) attributed this early theory for hedging to John Maynard Keynes and
John Hicks. The use of hedging to profit from basis changes is attributed 1o Holbrook Working by
Leuthold et al. (1989). Working (1953b) gave several reasons for hedging and suggested that business
risk reduction was not the primary reason for hedging and may just be a side benefit. Kamara (1982)
reviewed the issues in futures marketing and listed 5 different categories of hedging. These categories
were:

Carrying Charge Hedge (basis speculation)
Operational Hedging

Selective Hedging

Anticipatory Hedging

Pure Risk Avoidance Hedging.

Kamara (1982) stated that pure risk avoidance hedging was non existent in the markets. No
evidence was provided to substantiate this statement by Kamara.
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Empirical research into why farmers use or do not use the futures is limited. Shapiro and Bror-
sen (1988) tested farmer reasons for hedging on Indiana corn and soybean farms using a tobit regres-
sion model and found producers in the study did not hedge that much, and more highly leveraged
producers were more likely to hedge. Forward contracting was used twice as much as hedging. The
most important factor for using hedging was whether hedging was perceived to increase income stabil-
ity.

Newbery and Stiglitz (1981) using a mean-variance portfolio model of hedging with no produc-
tion risk. concluded that an unbiased futures market for non storable commodities provides superior
income risk insurance as compared to perfect price stabilization. A futures market allows a farmer to
choose the optimum hedge ievel whereas a price stabilization scheme essentiaily forces the farmer 1o
completely hedge the crop. Various caveats on this conclusion were discussed by these authors.
Feder et al. (1980) and Holthausen (1979) also modeled the hedging decision with a firm facing only
price risk.

Chavas and Pope (1982) developed a model using mean-variance methods with stochastic pro-
duction and prices. They concluded that an individual's hedging response to a change in expected
price, price variance or risk aversion was ambiguous when production was stochastic. Where
production was certain, hedging was inversely reiated to expected price. Hedging falls as the variance
of production increases. Under certain production, increasing risk aversion increased the amount
hedged.

The early literature on futures markets and hedging lcoked at the question of unbiased futures
markets. Speculators were assumed to be selling insurance t0 hedgers. Most hedgers were considered
net sellers of contracts and speculators were considered net buyers of contracts and this caused "nor-
mal backwardation” in the futures markets. The futures prices were considered downward biased esti-
mates of the contract price in the future. With normal backwardation, speculators make profits from
the risk premium (downward bias) created by buying contracts from hedgers.8 The hedger sells
futures contracts and pays a risk premium for the insurance. Researchers are still analyzing whether
this risk premium exists.

The futures market is tested for bias in this study by determining whether the mean of profits
from taking consistently short futures positions (selling contracts) is significantly different from zcro.
An efficient market should have zero hedge profits assuming no transactions costs and no bias. The
relevant time period is the period over which an Alberta catile investor would use the futures market
for hedging. This eliminates the contract expiry month in this test. The data in this study allows dif-
ferent hedge holding periods of one through six months.

Researchers developed further reasons for hedging not iotally reiated to risk reduction. Work-
ing (1953a) suggested that hedgers used the futures market to profit from expected basis change. A
third reason for hedging uses portfolio theory and includes futures contracts and a cash commodity as

8 See Selected Writings on Futures Markets. Volume 2. 1977. Edited by Peck, A_E. for a series of writ-

ings on the debate of bias in the futurcs market by Cootner,P.H., Telser, L.G., Blau, G., Houthakker,
H.S, Gray, R.W. and Rockwell, C.S..
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part of a portfolio. Hedgers enter the futures market to get the highest return for a given risk level.
Johnson (1960) used portfolio theory to develop various hedging and speculating positions. Other
writers have used portfolio theory 1o work with hedging theory ( Stein (1961), and Peck (1975)).

Canadian studies have used varied approaches to hedging. Caldwell etal. (1982) studied alter-
native hedging strategies for Alberta feedlot operators for the period September 1975 to January
1978. The study hedged slaughter cattie and feeder cattle on the Chicago Mercantile Exchange and
hedged barley using U.S. corn futures. Eight different strategies were used. Mean returns per lot and
standard deviations of net revenue were measured.

Caldwell et al. (1982) concluded that a producer could increase his income by hedging feeder
cattle but the income variation as measured by standard deviations increased with hedging. Routine
hedging of slaughter cattle reduced mean income and increased risk. These results are in contrast to
U.S. studies done up until this time period. Leuthold and Tomek (1980) concluded in a review of
livestock futures literature that routine hedging reduced risk considerably but also reduced mean
returns 1o such a level as to make the strategy unattractive. None of the 100% hedging strategies in
Caldwell et al. (1982) dominated a no hedge strategy based on a mean-variance risk efficiency crite-
rion.

Gaston and Martin (1984) defined a set of hedging strategies that could be used by Canadian
feedlot operators.  They also compared the effects of alternative hedging strategies on the cash flow
for a beef feedlot in Ontario and Alberta. The study simulated a feedlot during the period 1973
through 1981. The feedlot could hedge slaughter cattle, feeder catile or corn futures. Moving aver-
ages and technical analysis were the main sources of different hedging strategies. Various profit mar-
gin/breakeven strategies and selective technical strategies were compared to a hedge and hold
strategy. Basis was calculated using a three year historical average for that particular week.

Gaston and Martin concluded that routine hedge and hold strategies reduced income (as com-
pared 10 no hedging) and risk was not reduced for the Ontario feediot. Selective hedging strategies
were far superior to the traditional hedging and hedging with a profit target. The hedge and hold
strategy did not work because of the variability of basis.

Carter and Lovns (1985) compared alternative hedging strategies using actual data from over
100,000 head of cust..n cattle fed in Western Canada from 1972 to 1981. Four hedging strategies
including hedge and hold, hedge if a target profit could be locked in, and do not feed unless a profit
target is hedged were simulated. Only finished cattle prices were hedged. The impact of exchange
rate on risk with hedging was also measured although their test ignored possible interactions between
the Canadian and United States cattle markets.

Carter and Loyns concluded that a routine hedging strategy reduced average profit and
increased price risk for heifers. This same strategy reduced average profit and reduced risk for steers.
Exchange rate risk was aiso a significant source of risk when hedging. These results in their opinion

raised doubts about the usefulness of the United States live cattle futures market for Canadian feed-
CIS.
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Gillis et al. (1989) simulated a feedlot selling steers for the period 1976 to 1983 and hedged
slaughter cattle, feeder cattle, feed grains, interest rates and exchange rates using various trading
rules. Financial performance was measured using monthly net cash flow. Hedges were placed and
lifted according to various criteria similar to Gaston and Martin (1984). Moving avcrages and techni-
cal analysis were major strategies.

Gillis et al. (1989) concluded that beef producers increased cash inflows the most from multiple
technical hedging strategy. The hedge and hold strategies performed poorly. The authors also con-
cluded that the Canadian dollar hedge positions were not useful in protecting exposure to exchange
rate fluctuations. Nearly all the strategies ended the time period with negative cash flows.

Freeze et al. (1990) included the NTSP in their research on cattle feeding in Alberta. The
model was a target MOTAD linear programming model. Risk was defined for average income falling
below a target income of 350 per head in 1981 constant dollars for various feeding strategies and types
of cattle. They concluded that participation in the NTSP and hedging in 1986-87 were risk reducing.

Canadian results on the use of hedging are mixed. The Canadian studies that use cash flow to
measure risk appear to be looking at the returns from different strategies for investing in futures con-
tracts. The cwnership or investment in cattle is incidental to the whole problem addressed by these
studies. The cash flow measures used by these studies do not address the issue of uncertainty of
returns in the cattle investment. These studies are more portfolio diversification problems using spe-
cialized trading rules for the futures contracts. The issue of risk reduction in the cattle feeder invest-
ment is very loosely related to the futures investment strategies used in these studies. More formal
models such as portfolio theory, CAPM, Arbitrage Pricing Theory or the optimal hedge ratio may be
better models 1o work from when combining futures contract investments and cattle feeder invest-
ments.

This study uses the futures market to reduce risk by taking an equal and opposite position in
the futures market. Live cattle futures contracts are sold equal to the amount of cattle owned by the
investor. This is the 100 % hedge explained in chapter 5. Futures contracts are assumed to be infi-
nitely divisible so that futures positions exactly match the expected cattle production. The cost of
margin money9 is assumed to be zero. The zero margin cost may not be implausible given an
unbiased futures market and riskless borrowing and lending. Brokers feces are included in the
research model. The futures market is tested for bias in this study. The portfolio approach to hedg-
ing is simulated and the theory is explained in detail in section 3.3.5, optimal hedging. Alternative
strategics which attempt to lock in a target profit level are investigated. The review of the hedging
literature leads to a third hypothesis.

Hypothesis: Routine 100% hedge and hold strategies reduce risk when compared to no hedg-
ing.

9 Margin is the "good faith” money placed by the investor with the brokerage firm when buying and
selling futures contracts. The amount of this margin money varies from 5% to 10% of the value of the
contract for agricultural commodities.
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This concludes the review of hedging literature. Hedging using futures markets can be useful
private tools for managing risk. The theory suggests the level of hedging decreases with increasing
production risk. Since production risk is not included in this study, any results on the level of hedging
probably provide an upper bound on the amount of cattle to hedge in Alberta. The Canadian hedging
studies report conflicting results on the use of hedging in risk reduction. This study checks the Cana-
dian results on hedging as a risk management tool

3.3.4 Live Cattle Basis

Alberta live cattle basis has two roles in this study. A basis adjustment is needed to localize
cash price forecasts using the futures market. This requires a basis forecast. Secondly, basis variabil-
ity impacts on the usefulness of hedging slaughter cattle. Several Canadian studies suggested Cana-
dian live cattle basis is 0o variable to use the CME for hedging. Unpredictable basis may reduce the
uscfulness of hedging as a risk management strategy or the usefulness of the futures market for price
forccasting. This section reviews previous research on basis and the estimation methods used to fore-
cast basis. Reasons for comparing the Alberta basis to the Omaha basis are discussed. This section
concludes with the types of basis forecasts that are compared and the basis hypotheses that are tested
in this study.

Basis is defined by Leuthold, Junkus and Cordier (1989, p.45) as the difference between the
quoted futures price for a particular delivery month and the local cash price. Basis can have time,
space and quality components. This paper defines basis as:

9. Busis = LoccalCushPrice— FuturesPrice

Leuthold, Junkus and Cordier (1989, p.144) discussed the following basis risk and its impor-
tance in forecasting price and in hedging.

Managers using the futures market must manage basis risk. A hedger arbitrages between cash
and futures prices, 2nd since these prices do not move parallel to each other, there is a risk.

Hedgers are basis speculators. For hedging to effectively reduce risk, the basis must have some
predictable pattern 1o it...

...because of location and product quality differences, most agricultural firms do not experience
the local basis closing 1o zero at contract maturity. These operators must adjust the futures
price to an expected local cash market price after estimating the expected basis from historical
information. This localized price is the target price...

...In fact once a manager has hedged, price risk actually becomes the deviation in price from the
target price, or basis risk, because the hedger agrees 10 accept the target price.

Leuthold (1979) used an econometric model to study the live cattle basis in the U.S. He con-
cluded that a high proportion of the live cattle variation in basis for 2 to 7 months prior to delivery
could be explained by variables that explained and shifted the expected suppiy curve. The model
included feed prices, slaughter prices, feeder prices, and cattle on feed numbers.

Price et al. (1979) concluded using an analysis of variance approach that basis in Kansas had
significant variations by year, contract month and by location. This result suggests that simple histori-
cal means of basis may not be suitable forecasts.
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Garcia et al. (1984) separated the systematic and non systematic variance of the basis. They
used a variate difference approach which they described as similar to fitting a polynomial of given
degree to a time series. These authors found little difference in basis risk at different U.S. locations
or changes in basis risk as the contract approached maturity. There was no strong evidence of seaso-
nality in cattle basis. This result suggests that a historical mean may be a suitable basis forecast and
conflicts with the conclusion of Price et al. (1979).

Thompson and Bond (1985) reported there has been little empirical work in the area of off-
shore hedging risk. Thompson and Bond (1987) explored offshore commodity hedging with floating
cxchange rates using vector autoregression. They stated that the difference between a U.S. hedger
and an offshore hedger will depend on the extent to which exchange rate interactions affect perceived
basis variance.

The futures market applicable to Alberta is the Chicago Mercantile Exchange which trades the
live cattle contract for slaughter cattle. This immediately indicates that Alberta faces the space com-
ponent in basis. Alberta cattle feeders operate in a different currency than U.S. feeders. Secondly the
grading systems for cattle in Canada and the United States differ. This implies quality components to
the basis faced by Alberta cattle feeders that are not faced by U.S. cattle feeders. Cattle feeders in
Alberta and the U.S. should face similar time components. These different factors between Alberta
and the United States imply that basis is different between the two locations.

Studies on Canadian basis have concluded that the basis is t0o variable to use the CME for
rcducing risk. Gaston and Martin (1984) and Carter and Loyns (1985) suggested that Canadian basis
for live cattle was too variable to successfully hedge Canadian slaughter cattle. These studies implied,
although they did not explicitly state it, that United States cattle feeders face less variable basis than
Canadian cattle investors and therefore U.S. investors can better use the CME for hedging. Caldwell
ct al. (1982) stated the basis for Calgary slaughter cattle was unpredictable. None of these studies
investigated if there was a predictable component to the basis risk or if basis risk (or perceived basis
risk) varied between Canada and the United States.

Coles (1989) checked Alberta basis for trend and seasonality. He found a trend in basis (where
basis was adjusted using the Consumer Price Index (CPI) to a real value) and no monthly seasonality.
This implics that a historical mean of basis is not a suitable basis forecast and any basis forecast does
not need to be adjusted for seasonality. The possible existence of autocorrelation in Coles model may
reduce the confidence in his conclusions.

Braga (1990) defined adjusted basis between Canada and the US. as
Basiscg = Cash Pricecs—(Futures Priceyss/Exchange Rate). He further showed that this
adjusted basis can be constant during the time of a hedge yet still not be a perfect hedge (if hedging
Cuanadian commodities on U.S. markets). This situation may not be a major factor. Exchange rate
movement during the typical period of a hedge or a short feeding period may be minor although other
Cunadian research (Carter and Loyns (1985)) has speculated otherwise. Gillis et al. (1989) concluded
that it made little difference if the Canadian dollar was hedged in reducing risk due to exchange rate
fluctuations. Exchange rate hedging is not inctuded in this study, although a measure of exchange rate
risk in price forecasting is presented in Chapter 5.



24

Boundary conditions such as hypothesized by Caldwell et al. (1982) would limit the indepen-
dent price movement of Alberta live cattle basis relative to U.S. prices. These boundary conditions
relate to the local supply conditions in Alberta and the distance to the United States markets. For
cxample, an over supply of slaughter cattle in Alberta should lead to cattle exports to the U.S. Basis
should approach its lov«r bound 10, A shortage of slaughter cattle in Alberta should lead to imports
of slaughter cattle from the U.S. Basis should approaching its upper bound. With higher exports of
finished cattle to the U.S. from Alberta, basis should stay closer to the lower boundary condition.
Figure 1 and Figure 2 in chapter 2 suggest that such a process has occurred in the Alberta market.

Reliable Alberta basis forecasts are required for hedging and for price forecasting using the
CME futures market. Coles (1989) estimated Alberta basis using a mean basis adjusted for a time
irend. Other studies used a three year historical mean basis estimate for the week11 (Gaston and
Martin (1984)) or the month (Brandt (1985), Kenyon and Clay (1987)). A historical mean estimate of
basis was used by Leuthold and Hartman (1981) for hogs. Leuthold (1979) used an econometric
model to estimate cattle basis. Little justification is given in these studies for the choice of basis esti-
matc (with the exception of Leuthold (1979)) and no comparisons were made to alternative basis
forecasts.

The Alberta basis is tested for trend and seasonality in this study. This test determines the
validity of using the historical mean as a basis estimate. Valid estimates of the mean require that the
basis be converted to a common time period to remove the effect of inflation before the mean is cal-
culated. The test for seasonality determines if a mean calculated from basis for the same month from
three or more prior years is appropriate. Two other basis estimates that match the estimation
methods for direct cash prices are an ARIMA estimate and lagged basis to estimate current basis. An
cconometric forecast of basis is not included due to data and time limitations. These different basis
forecasts are combined with the futures price and are compared using the MSE criterion outlined ear-
licr for the live cattle price forecasts.

Alberta basis variability is measured and compared for different time periods in this study. Less
variable basis should lead to more reliabie basis forecasts. This should improve price forecasts when
using the CME. The different basis forecasts compared will give some indication on the prediciability
of basis. The underlying causes of Alberta basis variability are not researched.

A comparison of relative basis variability between Alberta and Omabha is done to follow up on
the comments of Thompson and Bond (1987). This relative basis comparison may provide informa-
tion on the different use of futures markets for hedging by Alberta cattle investors versus Omaha
cattle investors12. Relative basis variability comparisons requires that basis be converted to a

10 If cattle exports opportunities to the U.S. or elsewhere do not exist then the boundary conditions
may not hold.

11 The basis cstimate is the historical mean basis calculated from the same week or month in the past

three years. For example, the basis for February in year 4 is calculated using the mean of the basis in
February in years 1, 2, and 3.

12 There is no research reviewed in this study on the actual use of the CME by Canadian or United
States cattle investors for hedging. This is one area of needed research.
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common currency. ltis the variability in the purchasing power that is relevant and not the absolute
variability of the basis in its own currency. This emphasis on relative variability suggests that the basis
comparisons be adjusted for inflation to provide real comparisons in purchasing power.

Two hypotheses based on the discussion in this section are tested in this study.

Hypothesis: Alberta live cattle basis was less variable during the 1985-1989 period than the
1976-1980 period.

Hypothesis: Alberta live cattle basis is more variable than the Omaha live cattle basis.

Studies have concluded that Canadian basis is too variable to hedge live cattle. Different fore-
casts of basis have been used in previous studies. Different basis forecasts are compared and tested
here. This study compares the recent period basis to earlier periods to determine if basis variability
has changed. The Alberta basis is compared to Omaha to see if there is a difference between the two
markets in relative basis variability. The basis research will help Alberta investors evaluate hedging
and price forecasting in risk management.

3.3.5 Optimal Hedge or Risk Minimizing Hedge Ratios

The optimal hedge ratio is a risk management strategy used in this study. It is an alternative to
the 100% hedge strategy. This section reviews the literature on optimal hedging and the results of
some studies using optimal hedge ratios. The optimal hedge model using the mean-variance EUM is
developed and compared to the minimum variance hedge ratio. The relationship between the opti-
mal hedge, the minimum variance hedge and futures market efficiency is explained. Finally the sec-
tion concludes with a review of the different ways to estimate these hedge ratios. The estimation
method chosen for this study is explained.

There are two main formulations in the literature of the optimal hedge ratio. The first is
derived by maximizing the certainty equivalent expression, equation 3 in section 3.1, using the two
asset portfolio model with respect to cash and futures positions. The second model is 2 minimum
variance ratio derived by minimizing the variance of returns of this two asset portfolio and it is not
necessarily mean-variance efficient. The minimum risk ratio and the optimal hedge ratio are equiva-
lent v 1der certain conditions discussed later.

There are many references on the optimal hedge amount and the best formulation of this
model (Rolfo (1980), Kahl(1983), Peck (1975), Stein {1961), Johnson (1960), Heifner (1972), Bond
and ThompSon (1985), Cecchetti, Cumby and Figlewski (1988), Anderson and Danthine (1981), Bond
and Thompson (1986), Peterson and Leuthold (1987), Berck (1981), Kenyon and Clay (1987), New-
bery and Stiglitz (1981), Robison and Barry (1987), Leuthold, Junkus and Cordier (1989)). Blank
(1989) provided a review of some of the issues of optimal hedging found in the literature.

Heifner (1972) determined upper limits of optimai hedge ratios for cattle feeders in the U.S.
that ranged from 0.56 1o 0.88. Inclusion of hedging cost lowered the optimal hedge levels. Heifner
concluded that about 1/3 to 1/2 of the price risk in his study area could be eliminated by optimal hedg-
ing. Carter and Loyns (1985) calculated optimal hedge ratios for the Canadian cattle feeder using
OLS regressions of cash price changes and futures price changes. The results for steers were a kedge
ratio of 0.62 with an R2 or hedging effectiveness measure of 0.12.



Two studies considered optimal hedging and the use of futures in the context of a portfolio with
more than two assets. Bond and Thompson (1986) discussed the optimal hedge in terms of the
CAPM. They concluded that including more than the traditional 2 assets (cash product znd futures?®
in the optimal hedge model may significantly reduce the optimal hedge level. The addition of an out-
side asset 1o the portfolio, in this case it was the Standard and Poor’s Index of 500 stocks, dropped the
hedge ratio from 0.79 to 0.13. Peterson and Leuthold (1987) treated the optimal hedge as a special
case of the general portfolio model for cattle. Their model allowed the optimal hedging of feed costs,
feeder prices and finished prices over three different parts of the feeding period. Their results showed
various optimal hedge levels for two different levels of risk aversion. Routine use of fully hedged
positions was not optimal for risk reduction when multiple cash commodities were included in the
portfolio. They also concluded that the optimal hedge must be recalculated each time period because
of changes in the variables over time. The results of Bond and Thompson (1986) and Peterson and
Leuthold (1987) suggest that hedging and the use of futures be considered within the context of the
individual’s overall portfolio.

This author would argue in response to the studies of Bond and Thompson (1986) and Peter-
son and Leuthold (1987) that the investment in the cash market and the futures market be viewed as
one investment strategy for a single type of investment. Then this investment strategy can be
compared to other investments through the use of the CAPM. Therefore this study does not include
more than the cash product and the futures in the optimal hedge calculation. This is also done to
simplify the study.

Alexander, Musser and Mason (1986) added the costs of futures brokerage and margin require-
ments to a price and production risk model. Many other studies ignore this risk when determining
the optimal hedge (such %5 Peterson and Leuthold (1987)). Their results suggested that the inclusion
of this particular financial risk had a limited effect on the optimal hedge and therefore supported the
assumption by many in the literature that hedging costs are zero. Blank (1989) stated in his review
that other studies (in particular the study on hedging strategies for hog producers by Kenyon and Clay
(1987)) found the costs of margins to be important in the calculation of the optimal hedge.

This author in reply to the review by Blank, suggests that the role of margin is not important if
the futures market is unbiased. The cost and returns on margin money should average out 1o zero
over the long run with riskless borrowing and lending. The cost of margin money is not included in
this study however brokerage charges are included.

This study does not have production risk. The optimal hedge ratio as given by Leuthold, Jun-
kus and Cordier (1989, p.91-100) with no production risk is derived using the general model in sec-
tion 3.1, equation 3. The expected return of the two asset portfolio is:

10. E(R )= X,E(R)+ X,E(R))

where:

\ , is the amount of the cash position,

\', is the amount of the futures position,

E( R,)is the expected return on the cash position and
E (B ,)is the expected return on the futures position.



and where:

E(R)=E(S,)-S,
E(é/)=E(F|)"Fo,

S, is the spot price in the next time period,
S, is the current spot price,

F | is the futures price in the next time period and

F ,is the current futures price.

This expected return assumes that the cash commodity is available for immediate sale. The sit-
uation where the hedge is for a future amount of product (such as finished beef) that is not currently
available for sale gives a slightly different revenue function but does not change the following optimal
hedge result.

Maximizing the expected utility from this two asset portfolio is equivalent to maximizing the
certainty equivalent expression from section 3.1, equation 3 under the assumptions stated in the
model. The certainty equivalent expression in this two asset frame work (with no production risk) is:

11. _ A
Rpco= Y.E(RD)+ X, E(R)-5(Xi6l+ XFoi+2X,X 0,))
where:

R ,...is the certainty equivalent portfolio return.
Taking the first derivative of the above expression with respect to X', gives:
12. OR p.ce

35X, =E(F\)-Fy~-AX,05-AX,0,,=0

This can be rearranged as the optimal hedge ratio which maximizes expected utility:

X, NolX
The second order condition with respect to X, is - A o3 which is negative if A, the coefficient of

absolute risk aversion, is greater than 0. This is the case when the investor is risk averse. Therefore
this is a maximum.

The first component on the right hand side of the optimal hedge ratio in the equation 13 is the
speculative component and the second component is the hedge component (Leuthold, Junkus 2nd
Cordier (1989, p.92-95)). The hedge component is the same as the minimum variance of the iwo asset
portfolio. The speculative component is the investor’s anticipated gain when the expected futures
price differs from the current futures price. This speculative component is alsc a function of the
investors coefficient of absolute risk aversion. The speculative component and the hedge component
make up the optimal hedge value that maximizes investor utility in this two asset portfolio.

The minimum variance hedge ratio is derived by minimizing the variance of this two asset port-
folio:

W var(R,)=X2%2+X%2+2X,X 0,
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where:

o 2is the variance of the cash returns,

a2 is the variance of the futures returns and

a ,,is the covariance of the changes in the futures and cash prices.

Minimizing the above variance with respect to X, gives:

15. el/ar(k,,)

= 2 - =
Y, =2X,0%+2X,0,,=0

Solving for X , gives the minimum variance hedge amount:
16. dyy

Y =-X
X, X,—
oy

The second order condition with respect to X, is 262 > 0. Therefore this is a minimum. Divid-

ing by X , gives the minimum variance ratio:

The measure of the effectiveness of the minimum variance hedge rativ can be shown to be the
R2, the coefficient of variation, of the estimating regression of equation 18 (Leuthold, Junkus and
Cordier (1989, p.92-94).

18. AS,=a+BAF,

where:

S arc the spot prices,

F are the futures prices,

t denotes the time period

a & pare the parameters to be estimated and

Ais the change (first difference) in prices.

The bela estimated by this regression is the minimum variance hedge ratio since 3 = o,,/05 the

minimum variance ratio for a given cash position. The measure of hedging effectiveness is

02, /(o%a?)which is the same as the square of the correlation between cash and futures prices. The
R2 measures the variance in return of an unhedged position to a hedged position. Lindahi (1989)
suggested that care must be exercised when comparing the R2 between different estimating equations.
R2 is a measure of relative hedging effectiveness and does not measure the effectiveness in absolute
terms. Valid comparisons of R2 can be made when the same data set of cash prices is used. Other
comparisons may be invalid.

The minimum variance hedge amount in equation 17 is equivalent to the optimum hedge
amount in equation 13 if E(F ) - Fo=00rA - . These imply that the current futures price is an
unbiased estimate of the expected futures price or that the individual is infinitely risk averse. If these
conditions are not met, then the minimum risk hedge is not mean-variance efficient. The condition,
E(F,)- F¢=0is also another way of stating that the futures market is efficient (Leuthold, Junkus
and Cordier, (1989)). Peck (1975) and other writers have estimated the minimum variance ratio and
assumed the speculative component was zero. Cecchetti et al. (1988) considered it very important to
look at the optimal hedge (and not the minimum risk hedge).
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Turvey and Baker (1989) and Turvey (1989) added the capital structure (leverage ratio) to the
optimal hedge calculation. Building on the work of Gabriel and Baker (1980), Collins (1985) and
Moss et al. (1988), Turvey and Baker developed a utility model including the leverage ratio. Their
solution of the optimal hedge amount included the leverage ratio of the individual. Turvey's (1989)
model under certain assumptions suggested that more risk averse individuals hedge more and a
farmer with a higher leverage ratio hedges more. A second result suggested that if hedging reduces
business risk and increases returns on assets then the optimal leverage ratio would increase. There-
fore optimal hedging was affected by the capital structure on the farm. Turvey and Baker also
inferred the effects of government policy on hedging. They suggested that government policies that
reduce business risk, reduce the need to hedge. The interaction of hedging versus participating in the
NTSP is measured in this simulation in Chapter 5.

This concludes the exiensive review on the theory of the optimal hedge. It the futures market is
ctficicnt the speculative component of the optimal hedge ratio becomes zero. The optimal hedge
ratio then equals the minimum variance hedge ratio tor cash and futures. The Turvey and Baker
(1989) and Turvey (1989) model with leverage reduces to the minimum variance hedge ratio if the
futures market is efficient. The leverage of the investor docs not impact on the optimal hedge ratio
when the futures market is efficient.

This study calculates the minimum variance hedge ratio, equation 17. This is the optimal hedge
ratio if the futures market is efficient. The tests on futures market bias determine whether this mini-
mum variance hedge ratio can be considered the optimal hedge ratio. Estimating the speculative
component of the optimal hedge ratio, if it is not 0, presents great difficultics. The estimation of the
coefficient of absolute risk aversion is difficult and could be expected 1o vary between individuals.
Also models based on individual utility functions may fail 10 recognize that there is a market for risk.

The optimal hedge ratio is now defined for this research. The problem remains of estimating
the hedge ratio. The literature reports are mixed on the techniques to estimate the optimal hedge
ratio or minimum variance hedge ratio. The rest of this section reviews the literature or estimating
the optimal hedge ratio.

Witt et al. (1987) reviewed the literature stating that there were three ways of estimating the
hedge ratio. These were:

Price level models.
Price difference models.
Percentage price change models13,

Witt et al. (1987) concluded that the price level model was theoretically correct for highly risk
averse hedgers and there was no basis for claiming one way of estimating was superior o another.

The price level estimatirg model described by Bond et al. (1987) and Benninga et al. (1984) fol-
fows:

19. S, =a+BF,+e,

This model estimates this hedge ratio.

13 See Brown (1985) for a paper using the percentage price change model to estimate optimal hedge
Tali0s,
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20). X, _Cou(S.F)
X, Var(F)
where:
X, is the quantity of futures contracts sold,
X ,is the cash holdings,

S is the stochastic cash price and
F is the stochastic futures price.

Hill and Schneeweis (1982) suggested that the price difference method was superior to the
price level estimates of optimal hedge levels. The price difference method was used by Benninga et al.
(1984) and Carter and Loyns (1985). The price difference estimating model as describe by Bond et al.
(1987) follows:

21. S,.,-S,=a+B(F.,-F\)*e,.,

This estimates the following hedge ratio.

22. X, Cou(F,,,-F.S..1-5))

Y, Var(Foa-Fo

Bond et al. (1987) concluded a discussion on estimating the optimal hedge ratio by stating that
the simple price difference estimate may not be appropriate. The data should be tested for the under-
lying price expectations mechanism.

Myers and Thompson (1989) took a more rigorous look at the whole question of estimating the
minimum risk hedge ratio (under the assumption of unbiased futures markets £ f, = f,-,.) and the
underlying assumptions behind the different estimation models (equations 19 and 21). Myers and
Thompson (1989) stated that simple regression estimates were inappropriate except in special cir-
cumstances. The previous models only looked at the unconditional covariances and unconditional
variances, and Myers and Thompson (1989) claimed that conditional covariances and variances are
required. They presented a generalized estimation procedure based on the linear equilibrium model:

23, 5, =Q,.a+u,

fi=Q..,Bru,
where:
S is the spot price,
{ is the futures price,
Q-1 is the vector of variables known at time t-1,
«. Pare vectors of unknown parameters and
v and uy are stochastic shocks with mean 0 and no serial correlation.
Myers and Thompson stated (with several assumptions) that the conditional estimator (condi-
tional on Qq.1) of the hedge ratio r is:

4. ot

oo
The estimates of the vectors u and v are from OLS estimates of the linear models in equation
23. Meyers and Thompson (1989) showed the special conditions required for the simple regressions
on price level or price changes to be unbiased estimates of the hedge ratio. The OLS regression of
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price levels, equation 19, was equivalent to the general estimate in equation 24 when the conditional
means of the spot and futures prices were constant. This implied that prices always come back to the
same mean. They suggested that this was a very restrictive and unrealistic assumption.

Myers and Thompson (1989) showed that the OLS regressions of price level changes, ecquation
21, was equivaient to the general estimate in equation 24 when the spot and futures prices followed a
random walk possibly with drift. The random walk was a more piausible model but Myers and
Thompson (1989) stated there was no reason to always expect prices o follow a random walk. Myers
and Thompson concluded that using returns would also be incorrect in estimating the hedge ratio
using OLS. Myers and Thompson (1989) then showed single equation methods for estimating the
hedge ratio. Starting with the model in equation 23 then the OLS estimatce of the 6 in the following
regression was the generalized hedge ratio.

25. 5,=6f,+Q,.,a+¢,

Equation 25, was not a structural equation but was a method to estimate the hedge ratio. If
Q-1 contained only a constant and g lags of spot and futures prices then the above equation became:

26.

S,=ag*bf,+ i a, S, + 5: aq'/-fl-/+ €,
=1 121

Myers and Thompson (1989) added the restriction of unbiased futures markets (for a hedge
ratio 10 be mean-variance efficient) to get a model and estimating equation 27:

27. S: = Qt-la+ u,

fo=foary,
S, =0Af,+Q,.,a+¢€,

Cecchetti et al. (1988) departed from the traditional use of regression models and used an
ARCH14 model to estimate an optimal hedge for Treasury Bonds. This model aliowed for the chang-
ing relationship between the cash and futures prices over time. Baillie and Myers (1989) continued
on from the Cecchetti et al. (1988) and used a bivariate generalized ARCH (GARCH) model to
estimate optimal hedge ratios for several commodities including beef. They concluded that in general
the optimum hedge ratio was non-stationary implying the usual methods of estimation described ear-
lier in this paper are inappropriate. However their results for beef did not show a wide variation
between the GARCH estimation and the OLS price difference estimation model, equation 21. The
optimal hedge ratio for beef calculated by Baillie and Myers (1989) did not greatly decrease the vari-
ance of returns over no hedging. Only the results of one contract, December 1986, were reported.

These results suggest the following procedure for estimating the optimal hedge ratio for live
cattle. This research uses the simple price difference model, equation 21, with Ordinary Least
Squarcs (OLS) estimation. The model is estimated again each month adding new data available cach
month. The updating each month should capture any changes in the parameters that may give differ-

14 ARCH stands for Autoregressive Conditional Heteroskedastic
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e¢nt heCze ratios in different time periods. The optimal hedge is compared to the 100% hedge and no
hedging using the historical variance of returns in the cattle feeding model. The Meyers and
Thompson (1589) model, equations 26 and 27, is also tested.

There are limitations in using OLS on a price difference model to estimate the optimal hedge.
These limitations include the methods of estimation, the assumptions regarding market efficiency,
and the inclusion of other assets in the portfolic model. However for simplicity and accuracy it is jus-
tified for use in this study. Using the optimal hedge in the simulation should reduce risk as defined in
this study and it should reduce the variance of historical returns. This leads to two hypotheses.

Hypothesis: Using the optimal hedging ratio reduces risk where risk is measured as mean
square error and the optimal Ledge is compared to no hedging.

Hypothesis: Using the optimal hedging ratio reduces the historical variance of returns over
using the 100 % hedging strategy.

This section reviewed the optimal hedge ratio and the minimum variance hedge ratio. With
efficient futures markets the two ratios are equivalent.  This study estimates the minimum variance
hedge ratio. The estimation method that seems suitable for beef cattle is the simple OLS regression
of the price difference model. This is the chosen estimation method for this study. These hedge
ratios are used as a risk management strategy and to compare hedging between Alberta cattle inves-
tors and Omaha catile investors. The simple comparison of the hedge ratios gives some relative idea
of the usefulness of the CME for hedging in Alberta and Omaha.

3.4 Summary

The EUM was used to develop the risk measures, MSE and the beta for the CAPM. The gen-
cral risk management strategics simulated in this study were outlined and several of these strategies
were tied in with the CME futures market. These risk management strategies include improved price
forecasting, 100% hedging, optimal hedging, selective investment and participation in the NTSP. The
relationship between the risk management role of the futures market and pricing efficiency was
defined. The role of basis in risk was detailed. Finally the definition of the optimal hedge and the
calculation of the optimal hedge or minimum variance hedge was outlined. This information is used
in the risk management strategies tested in this study.
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Chapter 4 Data Sources

Chapter 4 reviews the sources of data and the limitations of the data used in this study and in
the models.

4.1 Futures Price - Live Cattle

The source of the futures prices were the Chicago Mercantile Exchange Yearbook for the years
1976 to 1987. The Wall Street Journal (various issues) provided the live cattle prices for 1988 and
1989. The data collected was tsie market closing price for the Wednesday in the third swveek of the
month starting in January 1976 and ending in Dec. 1989. Any part week at the beginning of the
month was counted as a week. For each contract month prices were collected on the contract starting
8 months before the contract month arrived. Closing month prices were not collected. Prices were in
nominal U.S. dollars.

The live cattle contract specification is as follows. It is 40,000 1bs with a daily minimum price
move of .025 cents/cwt (510 per contract) and a maximum daily move of $1.50/cwt ($600 per contract).
Trading terminates on the Z0th business day of the defivery month or on the next business day i the
20th is not a business day. It is for yield grade 1, 2, 3 or 4 choice quality live steers with hot yield of
62% and various discounts apply. Live cattle contract months are traded for maturity in months Feb-
ruary, April, June, August, October and December.

Other issues with the data were as foilows. For 1976, 1977 and 1978 the CME yearbook
reported a range of closing prices. These were averaged to arrive at a closing price (simple
unweighted average). Starting in 1979 the yearbook changed to reporting a single settlement price.
The U.S. cattle grading system changed in February 1976 and the CME changed the futures contract
specifications to match the new system. Qid contracts were traded for liquidation only after the
announcement of this change of grading standards. As soon as possible for each contract, this study
switched to new contract prices and did not use the old contract prices any more. Parts of the 1976
data are a blend of oid and new contract prices. In 1977 or 1978 a January contract for live cattle was
added. This January contract lasted only a few years and low trading volumes were observed through-
out the life of this contract. No price data was collected on this January live cattle contract. A point
of interest is that the first trading day for live cattle futures was November 30, 1964.

4.2 Exchange Rate

Exchange rates were collected for the Wednesday of the third week of cach month closing spot
exchange rate. It was in nominal U.S. dollars to buy one Canadian dollar. The source was Alberta
Agriczlture Economic Services data base. Data was collected from January 14, 1976 10 December 13,
1989.

4.3 Live Cattle Prices
The data source for all cattle prices was Alberta Agriculture Economic Services. Prices were in

dollars per hundred weight (S/cwt). Data was collected on the following types of animals for 1976 to
1989.
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Prices were collected on 800+ Ib good quality Edmonton feeder steers. These were the prices
reported by auction markets. The price collected was the average price for the third week of each
month. Daily prices were not available. These steers should exhibit good rates of gain of 2.7 Ibs (1.22
kg) 10 3.0 Ibs. (1.36 kg). Different quality animals with lower rates of gain or higher rates of gain
would change the rate of return calculations in chapter 5.

Prices were collected on the Alberta direct to packer live slaughter steer prices. This is an aver-
age weighted Alberta price on all A grades. The prices would be mostly weighted by Al and A2. The
prices used were the average for the third week of each month. (The source of the Alberta Agriculture
prices for slaughter prices was CANFAX). Prices were in $/cwt. With more of the packing industry in
Southern Alberta, this price would should tend to reflect the price around Calgary. Also,sinceitisa
blend of prices for all A grades there is already an implicit discount for A3 and A4 caitle in the aver-
age price.

Prices were collected for Omaha slaughter steers for 1000 to 1100 1b choice steers in nominal
U.S. dollars. These prices were the average for the third week of each month.

Caulf prices were collected for heifers and steers for Toronto, Edmonion, Calgary, and Kansas
City. Kansas City prices were reported in United States dollars. These were weekly averages from the
third week of each month. Prices were in S/cwt.

4.4 Feed Prices

Alberta barley prices were collected from Alberta Agriculture Economic Services. One set of
prices was the Calgary UGG elevator bid (net to farmer) for #1 feed barley. This Calgary UGG price
was the average price for the third week of the month. A second monthly average barley price was
collected. This was the Calgary open market barley price for feedmills and feedlots. Both price series
were in nominal dollars per tonne for the period 1976 to 1989. The open market barley price is likely
the price closer to the price paid by cattle feeders for barley over the period.

4.5 Cattle Numbers, Slaughter, and Import and Exports

There can be differences in the numbers on imports and exports depending on the sourge of
data. The Agriculiure Canada information is different than the Alberta brand inspection data. Itis
also difficult to break down the types of animals.

Monthly totals of Alberta imports of slaughter cattle, Alberta exports of slaughter Cattle 10 the
U.S. and Alberta exports of feeder cattle to the U.S. for the period 1976 10 1989 were collected from
Alberta Agriculture Economic Services. There is no breakdown as to type of cattle (such as heifers,
steers, cows or weight ranges). This data was from Alberta Agriculture which originally comes from
Agriculture Canada. Alberta Agriculture also had data on brand inspection of cattle exports to the
United States.

Monthly totals of slaughter animals and cattle on feed for the period 1976 to 1989 were col-
lected from Alberta Agriculture Economic Services. Data are available on Alberta totals, Canada
totals and U.S. totals, for steers, heifers and cows. Canada does not have a cattle on feed survey. Data
was collected on the monthly totals for the U.S. 7 state cattle on feed survey. Data is the total number
of head on feed divided by 1000. )



4.6 Government Programs

The NTSP data source is Central Pregram Support of Alberta Agriculture and the various bro-
chures on The Narional Tripartite Stabilization Program For Red Meats: Cartle Models, by Agriculture
Canada and Alberta Agriculture. There have been several changes to the model and calgulations over

the time period 1986 to 1989. The source of data for the CBOP was the Crow Benefit program office
with Alberta Agriculture.

4.7 Indexes

Various monthly or quarterly cost indexes from Cansim or the Bank of Canada Review were
collected. These indexes are:

1. Building repair Ab - Cansim number D600052,

Machine and Motor Vehicle Operation Ab - D600305
Petroleum Inputs Ab - D6()031g
Machine and Motor Vehicle Maintenance Ab - D600350
Legume and Grass Production W. Canada - D600445
Animal Production Feed Use Cost W. Canada - D600650
Animal production feed preparation W.Canada - D600663
Animal production Grain Feed Ab. - D600759
. Supplies and Services W. Canada - D600834
10. Hourly Labour Ab - D600911
11. Daily Labour Ab. - D600923
12. Monthly Labour Ab - D60G235
13. Property Taxes Ab - D6{(¥)948

Various monthly indexes of interest rates, exchange rates and Toronto Stock Exchange were
collected from the Cansim data base from 1976 to 1989 (monthly data). These indexes are:

1. 91 Day T-Bill %/Annum monthly average rate of return - Cansim number B14001
2. Chartered Bank Prime Lending Rate for Business monthly average in % /annum - B14020,
3. TSE 300 stock price index monthly. 1975 = 1000. B4237.

4. TSE 300 stock dividend Yield in %/year (monthly data) - B4245.

A United States general price deflater (U.S. President) and the Canadian consumer price index
(Bank of Canada) were collected. The consumer price index (CPI) is used to index for inflation. The
consumer price index is used to compare costs and investments in different time periods since invest-
ment is an exchange of consumption over time. Therefore a consumption index is used.

VRN U N
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Chapter 5 Methodology And Results

The first four chapters explained the research goals, background, theory and data employed in
this study. A cattle feeding simulation model using historical data is described in this chapter. The
simulation measures the net returns from feeding catile in Alberta using different risk management
strategies. The net returns and forecast net returns are required for the MSE and CAPM risk mea-
Surcs.

Section 5.1 explains the time period covered by this study. The data is monthly data from Janu-
ary 1976 to December 1989. Any models that require forecasts use the period January 1980 to
December 1989. It also describes how the models are identified and how forecasts are updated each
month with new information.

Section 5.2 explains the NTSP pay out forecast and the problems encountered in making this
forecast. Section 5.3 details the nine different Alberta slaughter steer price forecasts developed and
compared. This represents the risk management strategy of gathering information. There are two
general types of price forecasts. These are forecasts that directly forecast the cash price and fozgcasts
that use the futures market. The price forecast using the futures price requires a basis forecust, The
price forecasts are tested and one forecast is chosen 1o use in the rest of the simulation.

Section 5.4 builds the production function for the cattle simulation and discusses the timita-
tions of this model. The production function is required to estimate the net returns from investing in
steer feeder cattle fed in 2 custom feedlot. This base investment model provides the comparison for
the other risk management and investment strategies simulated. The production function with partic-
ipation in the NTSP is the other base risk management strategy compared to other strategies.

Secctions 5.5 and 5.6 present the 100 9% hedge strategy and the optimal hedge straiegy. Ateston
futures market efficiency and the calculation of the hedge ratio for the Alberta and Omabha cattle
imvestor arc done. The futures market efficiency test determines if there is bias in the market. The
Omaha hedge ratio compares hedging risk management between Alberta and Omaha. Section 5.7
presents the results on the selective hedge strategies and the selective investment strategy.

Section 5.8 measures and compares the risk of the different investment management strategies.
The MSE's of the management strategies are compared and statistical tests comparing the MSE:s of
the.. - turns are done. The CAPM beta risk measures are reported and discussed. The level of
syste: € risk is compared tO non systematic risk.

Section 5.9 compares MSE to the standard deviation risk measure used by other studies, tests
the variability of basis and compares the Alberta basis 10 the Omaha basis. Basis is identified in the
literature as one reason that hedging may not reduce risk for Alberta cattle investors. Basis may also
play an important role in information gathering (price forecasting). Section 5.10 summarizes the
results from this chapter.



5.1 Time Period

The base historical simulation has a cattle investor purchase 100 heavy fceder steers each
month and place them in a custom feedlot. This section explains the time periods covered and meth-
ods of model identification.

Monthly data, described in chapter 4, was collected for the time period January, 1976 o
December, 1989. The first feeder steers in the main part of the simulation are purchased in October
1979 for sale in January 198015, The last lot of feeders are purchased in September 1989 for sale in
December 1989. All feeder purchases occur on the Wednesday of the third week of the month and all
sales occur on the Wednesday of the third week of the month.

The research uses the ex ante approach as much as possible in the development of the modcl.
Only data that is available at the time of the decision to feed cattle is used to make investment deci-
sions and forecasts. For example, the decision to purchase feeder steers in January 1980 does not use
any information from February 1980 or later. This ex ante approach is used 10 simulate as closcly as
possible the actual information set faced by a cattle investor at the time an investment decision is
made.

The historical data from January 1976 to October 1979 are used to develop the first set of
price and revenue forecasts. The predictions are updated each month. For example, a new forecast is
developed each month using the most recent information available. The results are usually reported
for the periods January 1980 to March 1986 and April 1986 to December 1989. This particular break-
down of the period is chosen since the NTSP started in Aprii 1986.

Model identification uses the entire time period to identify the appropriate model. The results
of this research will be applied to future time periods and this justifies the use of the entire time
period to identify the model. After the model is identified (for example the ARIMA model on
slaughter steer price forecast), the parameters of the model are recalculated each month updating
with the new information that is available that month. The ex ante approach is used as much as possi-
ble in the cattle feeding simulation explained in the rest of the chapter.

5.2 NTSP Forecasts

The NTSP pay outs and the Alberta slaughter steer cash price must be forecast before MSE risk
can be measured or strategies using price forecasts can be simulated. This section explains the NTSP
pay out forecast model.

Three types of predictions models could be considered. The first prediction is 10 build the
model using all the data described by the NTSP program. This first method is rejected based on the
large amount of data required to build an cxact model. A second prediction method is to use the vari-
ables already collected 1o build the piroduction function and model the relationship between these

15 Data on cattle feeding returns for cattle sales in the time period April 1976 t0 January 1979 (feeder
urchases from January 1976 to October 1979) are calculated using this information set. This is use-
ul information for comparing different time periods but this net return data for this time period does
not enter the MSE risk calculzations. Any calculations requiring forecasts (including MSE
calculations) start with cattle sales in January 1980.
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variables and the NTSP pay outs. A third method is to predict pay outs based on the NTSP premiums
paid by the cattle owner and matched by the provincial and federal government. This prediction is
three times the NTSP premium paid on each steer sold.

The second and third prediction methods are compared. The second forecast method using the
collected data to model NTSP is relatively complicated and has many technical problems that this
study does not have time to correct. The explanation and results on this second method are in the
Appendix D. The 3 times the producer premium forecast conclusively had a lower MSE than the sec-
ond prediction method.

The NTSP pay outs in the simulation are forecast in the rest of the research using the 3 x pre-
mium model. This forecast is converted to June 1981 dollars using the CPL. The conclusion is that
improved prediction of the NTSP requires the complete construction of the NTSP pay out model.
This is beyond the scope of this study.

5.3 Slaughter Steer Price Forecasting

A three month forecast of Alberta slaughter steer prices is required for the selective hedging
strategies, the selective investment strategy and for the MSE risk measure. A one month and two
month price forecast is needed for the selective hedging strategies. The same forecast model chosen
for the three month forecast is also used to do the one month and two month forecasts. This section
explains and tests nine different price forecast models. The choice of price forecast models is part of
the information gathering risk management strategy. The forecast model with the lowest MSE for the
period 1980 to 1989 is used in the rest of the historical simulation.

3.3.1 Cash Price Prediction

Five different three month ahead direct slaughter steer price forecasts using econometric mod-
cls. an ARIMA model and lagged cash prices are explained. These are similar 1o forecas. inodels used
in other research. The MSE of these price forecasts are calculated and compared. Explanations of
forccasts using the CME futures market are deferred until later.

A linear model that directly estimates at time period t the predicted steer slaughter cash price
for time period 143 is developed. Forecasts from this model are estimated by three different meth-
ods. Several variables, including calf prices, Alberta hog prices and U.S. cattle on feed, were origi-
nally included in the model and tested before choosing the following linear model. Different
functional forms were not tested. The model for estimating the parameters is:

28. strprice,= a+ feederprice, ja+baropen, ;b + future, c4us..-3¢* 1

where:

strprice is the slaughter steer price for Alberta at time t,
feederprice is the feeder steer price

baropen is the open market barley price,

future is the CME live cattle futures price in Canadian dollars,
futures contract month j matures after time t and

a. a, b and c are the coefficients to estimate.

The price data used in the econometric models are changed to real June 1981 dollars using the
CP1 before estimating the coefficients. The forecast slaughter steer prices are in real 1981 dollars.
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This model is estimated by two methods using OLS. The first price forecast is needed for Janu-
ary 1980. The first OLS regression is estimated over the time period January 1976 to October 1979 10
get the first set of coefficients for prediction. This follows the ex ante approach of only using
information available at the time of the feeder purchase. The data available in October 1979 is used
with the estimated coefficients to forecast the January 1980 slaughter price. Each month the model
coefficients are estimated again adding the new information available that month to the data set. Onc
model continues to add data and estimate the parameters each month. No data points are dropped.
A second model drops the oldest data month when a new data month is added. This second method
should forecast better if there are structural breaks in the prices.

A third method uses this OLS estimation method where no data points are dropped. The OLS
regression Durbin Watson indicates there is significant first order autocorrelation in the model. This
implies that the forecasts from methods one¢ and two using OLS are biased (Judge et al. (1988)). The
preferred solution to this is to estimate the model using some form of Generalized Least Squares
‘such as Prais-Winston) and use the disturbance term in the prediction of cash priceslé. Computer
and program limitations prevented the estimation of the model using Generalized Least Squares.
The following solution to this problem is used. The OLS parameter estimates results with first order
autocorrelation (with the rest of the usual model assumptions) are unbiased but inefficient. Since
testing of parameters is not required, the efficiency is less critical for this prediction. Secondly the
residuals for the OLS model are consistent and unbiased. This suggests that the prediction of cash
prices can use the OLS parameter estimates and the residuals estimated from the OLS equation. The
autocorrelation parameter is estimated by regressing the residuals on the lagged residuals. This esti-
mate of the autocorrelation is biased but consistent. These estimates arc updated cach month as the
new data is available. The mathematical description of the above procedure follows.

Estimate equation 28 using OLS. Calculate the residuals. Let 6, represent the vector of esti-

mated coefficients calculated at time period t and x.3 represent the independent variabies used in
time period t. Then the residual for time period t is:

29. i, =strprice, - x,.30,

Let (1 be the vector of residuals. Then the coefficient of autocorrelation is calculated using OLS
on the following model.

30. i=fi,p+v

where:

i1, is the vector of residuals lagged one month,

pis the autocorrelation and
v is white noise.

The out of sample estimate of the cash price is estimated using the adjustment for autocorrela-

tion as outlined for the Generalized Least Squares in Judge et al. (1988). This forecast in any one
month looks like the following.

16 The other solution is to search for better models that may not have autocorrelation.
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31. Pstrprice,.;=x,6,+p,1,

The last term in equation 31 adjusts the out of sample prediction for the effect of autocorrela-
tion. This completes the description of the siaughter steer price forecasts using econometric models.

An ARIMA(1,1,1) model using only Alberta cash slaughter steer prices is used to forecast
slaughter steer prices. The model is initially identified using the plots of residuals, partial autocorre-
lations and autocorrelations as found in the RATS statistical package (Var Econometrics). The iden-
lification uses the data from the entire period 1976 to 1989 to determine the level of differencing and
the number of autocorrelations and moving averages to estimate. The ARIMA(1,1,1) is estimated
using first order autocorrelation, one difference in prices and one mgoving average. No further tests
on the model are carried out after the model is identified and estimated. The model is estimated
using nominal Alberta slaughter steer prices.17 After identification, the model is first estimated for
the period January 1976 to October 1979. The model forecasts a nominal slaughter steer price for
January 1980, 3 months into the future. The forecasts from the model are adjusted to June 1981 dol-
lars using the CPI index at the time of the prediction (feeder purchase date) for comparison to other
forecasts. The ARIMA model is estimated one hundred and twenty Limes, adding the new
information available each month. One model estimated over the period 1976 to September 1989 is
in Appendix H.

The final difect estimate of the cash price uses the cash slaughter steer price in month t to pre-
dict the price in month t+3. The cash price is adjusted to June 1981 dollars using the CPI before it is
used for forecasting.

These Alberta siaughter price forecasters are all adjusted to forecast in 1981 dollars and are
named the following:

. OLS Full Information (no data dropped from the regression)

. OLS Limited Information (data points dro(f ed as new data added)
. OLS Error Correction (estimates corrected for autocorrelation)

. Cash ARIMA and

. Cash 3 Months Prior.

The MSE of the three month price forecasts using these five models are calculated using equa-
tion 4. chapter 3, and are reported in Table 2. The MSE are calculated in June 1981 dollars.

Table 2
Mean Square Error
Three Month Alberta Slaughter Steer Price Forecast Models!

N da W9 r=

Time Period Cash 3 OLS OLS OLS Cash
Months Full Limited Error ARIMA

Prior Informat. Informat. Correct. (1,1,1)

1980-89 34.27 38.65 44.49 37.73 42.56
1980-Mar86 44.88 48.82 62.21 49.55 56.86
Apr1986-89 17.20 22.42 15.69 18.71 19.49

1. Done in June 1981 dollars.

17 Adamowicz W.L. Personal Communication. University of Alberta.

cast more accurately if the numbers are not adjusted for inflation.

Time series models may fore-
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The smallest MSE, 34.27, for the period 1980 to 1989 is the price forecaster using the cash 3
months prior model. The MSE of the price predictions are tested for significant differences for the
period 1980 to 1989 using the procedure of Ashley et al. (1980) expiained in Appendix F. The test
results are in Appendix F. The conclusions of these tests are that ncne of the five forecast models is
significantly superior. Table 2 also shows that different models have the smallest MSE during differ-
ent time periods. This is also shown in Figures 4, 5 and 6 in section 5.3.3 where all nine forecast
model’s MSEs are compared. The next section explains and analyzes the price forecasters using the
futures market and the different Alberta basis forecasts.

5.3.2 Futures Cash Price Prediction

Four Alberta slaughter steer price forecasters that use the CME live cattle futures contract and
Alberta basis forecasts are outlined in this section. Forecasts using the futures market should be rela-
tively accurate if the futures market is efficient. Basis forecasts are required to localize the CME price
forecast to Alberta. Basis estimation models are described and compared.

The futures market forecast models require three predictions. The futures price at time t for
the CME contract that expires just after period t+3 is used to predict the cash price for time period
t+3. The two other predictions required are the Canada-U.S. exchange rate and the nearby basis to
adjust this price 10 Alberta. The Alberta slaughter steer price forecast using the CME live cattle con-
tract is:

32. Pstrprice,.;= Future, ;X Pexchange,.;+ Pbasis, .,

where:
Pstrprice is the predicted Alberta slaughter steer price at sale time,
Futures is the E live cattle contract for month j in U.S. dollars,

Pexchange is the predicted exchange rate at sale time and
Pbasis is the predicted Alberta basis at sale time.

All prices in equation 32 are converted to June 1981 dollars using the CP1. Equation 32 fore-
casts slaughter steer prices in June 1981 dollars. The exchange rate forecast was discussed in chapter
3. The spot exchange rate at time t is used as the predicted exchange rate in time period t+3. The
forecast exchange rate is used to convert the futures price to Canadian dollars.

The price forecasts using the CME are generated using different forecasts of Alberta nearby
basis. Basis is defined as the local cash price minus the futures price converted to Canadian dollars.
Further restrictions on the nearby basis definition are that the futures contract is the nearest contract
month that is not yet into its expiry month. More analysis of the nearby basis is required before the
different Alberta basis forecasts are chosen. The topics of basis, basis risk and basis forecasting are
covered next.
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Basis is checked for time trend and seasonality. This test determines the type of mean, if any, to
use as one of the basis forecasts. The test uses Alberta nearby basis converted to June 1981 dollars
with the CPL Real basis numbers are used to remove the effect inflation may have on basis and in the
calculation of the mean basis. For example, if basis is constant in real terms, nominal basis may still
show a trend18. [t is real changes in basis that are important to the cattle investor.

The Alberta nearby basis test for trend and seasonality for the period 1976 1o 1989 uses the fol-
lowing model. The dependent variable is the Alberta basis. The independent variables are a constant,
a time trend, and indicator variables for 11 months (January through November). OLS estimation of
this model indicates there is first order autocorrelation. The Durbin Watson statistic is 1.102 and this
is significant at the 5% level. The model is estimated again using a Maximum Likelihood (ML) pro-
cedure that adjusts for first order autocorrelation and the results are reported in Table 3. The auto-
correlation coefficient is reported as the last variahle in Table 3,19

Table 3
Alberta Nearby Basis Trend and Monthly Seasonality Test
Adjusted For First Order Autocorrelation

Variable Coef Std. Erroﬂ T-Ratio [ P-Value
constant -2.92 1.17 -2.48 0.01
Trend -0.008 0.009 -0.91 0.36
Jan. -0.08 0.98 -0.08 0.94
Feb. -2.70 1.16 2.32 0.02
Mar. -1.98 1.23 -1.61 0.11
April -0.80 1.26 -0.64 0.53
May 0.66 1.27 0.52 0.61
June 2.06 1.27 1.62 0.11
July 0.63 1.27 0.50 0.62
Aug. 0.63 1.26 0.50 0.61
Sept. -0.06 1.23 -0.05 0.96
Ocl. 0.14 1.15 0.12 0.90
Nov. -0.19 0.96 -0.20 0.84
Auto 0.44 0.07 6.33 0.00

There is no significant seasonality in Alberta basis. February is the only month showing some
cvidence of seasonality. Certain types of basis prediction are ruled out. For example, predictions
using the average of the basis for March for the 3 previous years is not used with Alberta data20. The
absence of a significant time trend suggests use the mean of nearby basis as one forecast. Coles (1989)
reported a trend in real Alberta basis. The difference in the two results may be from the different
time periods tested and from the possible autocorrelation in the Coles data. The first basis forecast

18 In fact Alberta nominal basis, in nominal dollars does show a significant trend at the 5% signifi-
cance level.

19 The Alberta model is also estimated using quarterly data. There is no detectable seasonality in
quarterly data.

20 This type of basis estimator is used in the literature reviewed in chapter 3.
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model uses the mean of nearby basis calculated up to time t as the basis forecast for time t+3. The
mean is calculated using basis converted to June 1981 dollars. The mean is recalculated each month
adding the new information available that month.

Two basis forecasts use ARIMA models. The basis is predicted using an ARIMA(1,1,1) model
with and without a constant. The Alberta nearby basis is the only variable in the model. The identifi-
cation of the ARIMA model uses the entire time period of 1976 to 1989. The model is identified
using the plots for the residuals, autocorrelations and partial autocorrelations. The identification
determines the level of differencing and the number of autocorrelations and moving averages (o esti-
mate. The ARIMA(1,1,1) has first order autocorrelation, one price difference and one moving aver-
age in the model. The model is estimated using nominal priccs.z1

After identification, the ARIMA model is first estimated for the period January 1976 to Octo-
ber 1979. The model forecasts a nominal Alberta basis for January 1980, 3 months into the future.
The forecasts from the model are adjusied 10 1981 real dollars using the CPI index at the time of the
prediction (feeder purchase date). The basis ARIMA model is estimated one hundred and twenty
times, updating the model with the new information available each month. One estimated basis
ARIMA model is in Appendix H.

The ARIMA(1,1,1) model is estimated with a constant and without a constant. The constant is
not significant in the model identification stage. However the final criteria in picking the slaughter
price forecast is the lowest MSE. Therefore the ARIMA(1,1,1) is estimated with a constant and with-
out a constant and MSE is used to choose between these and other price forecasts.

The fourth basis forecast is 10 use the Alberia basis at time t to forccast the basis at time 1+3.
This type of forecast model quickly shows if the basis variability is decrcasing. Smaller basis variabil-
ity should make this a superior forecaster. The Alberta basis is converted o June 1981 dollars before
it is used in this forecast.

The names of the Alberta price forecast models using the futures market are:

1. Basis Average (mean of basis updated each month)

2. Basis ARIMA constant (modcls estimated with a constant)

3. Basis ARIMA no constant (models estimated with no constant)
4. Basis 3 months back (or prior).

The MSE of the three month price forecasts using these four models are calculated using equa-
tion 4 and are reported in Table 4. These MSEs are calculated in June 1981 dollars.

The model using the basis ARIMA(1,1,1) with constant has the smallest MSE, 31.17, for the
period 1980 to 1989 in Table 4. Table 4 shows that the basis ARIMA(1,1,1) with constant does not
have the smallest MSE over the shorter time periods. The basis 3 months back has the lowest MSE,
15.01, for the period April 1986 to 1989. The MSE of these four price predictions are tested for dif-

ferences over the period 1980 to 1989 using the procedure of Ashley ct al. (1980) outlined in Appen-
dix F. The test results are in Appendix F.

21 Adamowicz, W.L. Personal communication. Univessity of Alberta.
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Table 4
Mean Square Error
Three Month Alberta Slaughter Steer Price Forecasts]
Models Using CME Live Cattle Futures Contract

Time Period | Basis Basis Basis Basis
Average | ARIMA(1,1,1) | ARIMA(1,1,1){ 3 Mon. Back
Constant No Constant

1980-89 33.82 31.17 31.51 34.78
1980-Mar86 44.36 37.56 40.44 47.01
Apr1986-8¢ 16.88 21.11 17.21 15.01

1. Done 1n sune 1981 dollars.

The conclusions of these tests are that no price forecaster using the futures market outper-
formed or had lower significant MSE than the price prediction using the futures contract with basis
ARIMA(1,1,1) with constant. This is shown in figures 4, 5 and 6 in section 5.3.3 where the MSE of
the different price forecasting models are compared. Therefore the ARIMA(1,1,1) with constant is
compared to the direct slaughter price forecasts.22 The next section compares the basis ARI-
MA(1,1,1) with a constant to the direct slaughter cash price forecasts in section 5.3.1.

5.3.3 Choice of Alberta Slaughter Steer Price Forecasting Model

The direct Alberta slaughter steer price three month forecasting models in section 5.3.1 are
compared to the basis ARIMA(1,1,1) with constant model. The forecasting model with the smallest
MSE and significantly smallest MSE is chosen for use in the rest of the simulaticn and risk manage-
ment strategies. This decision rule was chosen prior to the calculation of the price forecasts. This
should be the best price forecast model. The section wraps up with a discussion of price forecasting
models and the forecasting model used for the one month and the two month slaughter price fore-
casts.

The nine slaughter steer price forecasting models MSE are compared in figures 4, 5, and 6.
This ties together the forecast models explained in the previous two sections. The MSE for the basis
ARIMA(1,1,1) with constant has the lowest MSE for the period 1980 to 1989.

22 The decision rule chosen prior to the calculation of the MSEs and tests for significance was 10
choose the price forecast with the lowest MSE for the period 1980 to 1989.
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The five direct cash price predictors for the period 1980 to 1989, are compared to the CME
futures model with the basis ARIMA(1,1,1) with constant using the test of Ashiey et al. (1980)
explairizd in Appendix F. The test results are in Appendix F. Based on the tests for MSE, there are
no direct slaughter steer cash price forecasters superior {0 the futures predictor using the basis
ARIMA with constant. The futures price forecaster using the basis ARIMA with constant has the
lowest MSE, 31.17, of all nine forecast models. The basis ARIMA(1,1.1) with constant is the slaugh-
ter steer price forecast model chosen for use in the rest of the simulation based on the selection crite-
ria to choose the model with the lowest MSE for 1980 to 1989.

These tests between the cash price forecasts and the basis ARIMA(1,1,1) with constant forecast
are a test of the futures market pricing efficiency. This is a weak and semi-strong market efficiency
test since the futures market is compared 10 historical informa“ion and models using historical infor-
mation and current information. The tests do not reject the hypothesis in Chapter 3, section 3.3.1,
that the CME live cattle futures contract with a basis adjustment is an unbiased forecast ol Alberta
prices. These results sirengthen the case for considering the minimum variance hedge ratios caleu-
lated in section 5.6 as the optimum hedge ratios.

Figures 4,5 and 6 show the NMSE from Tables 2 and 4 and that different models have lower
MSE during different time periods. This suggests that different predictors be used during different
periods. This research uses only one model to simplify the calculations. The three month ahcad
Alberia slaughter stecr price forecast moded jis:

33. per “ipiure X Pexchange,.;x 100
strprice,. ;= ——— - -
Prict:.s CPI,

+Pbusts,. ,

where:

Pstrprice is the predicid Alberta slaughter steer price atsale time in June 1981 dollars,
Futures is the CME live cattle contract for month j in U.S. dollars,

Pexchange uses the spot exchange rate at time t,

CP1is the consuamer price index,

100 adjusts the CPIand

Pbasis uses the basis ARIMA(1,1,1) with constant model forecast in Junce 1981 dollars.

This model is used to forecast the one month and two month slaughier prices for the selective
hedging risk management strategies. This model is chosen since it greatly simplifies the building of
the historical simulation. The reliability of the model for these shorter time period forecasts is shown
by comparing the MSE of the one month and two month forecasts from the basis ARIMA model to
three other forecast models described earlier. Lagged slaughter steer cash prices, average basis model
and lagped basis are used in the comparison and the results arc in Table 5 and Table 6. The basis
ARIMA(1,1,1) with the constant model is not always the lowest MSE forecast for one month and two
month ahead forecast. The lagged slaughter steer prices maudel or the lagged basis mouel give supe-
rior forecasts over different time periods.

Equation 33 forecasts Alberta slaughter steer prices in the rest of the simulation. Other sim-
pler models such as the current cash price or lagged basis may be suitable price forecasts. Tables 2, 4,
5 and 6 indicate there is less variability in prices since 1985 and simpler models may give good
forecasts at this time. The basis ARIMA model was chosen based on decision criteria determined
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Table 5
Mean Square Error
Selected Models for One Month Ahead Alberta Slaughter Steer Price Forecast

Time Period | Cash 1 Basis Basis Basis
Month{ ARIMA(1,1,1) | Average! 1 Mon. Back

Prior Constant
1980)-89 9.56 10.27 14.42 10.70
80-Mar86 11.79 11.75 17.54 14.04
Aprgs-89 6.03 802 9.49 5.33

1. Calculations are in June 1981 dollars.

Table 6
Mean Square Error
Selected Models for Two Month Ahead Alberta Slaughter Steer Price Forecast

Time Period Cash Basis Basis Basis
2 Month| ARIMA(1,1,1)| Average}2 Mon. Back

Prior Constant
1980-89 22.04 21.24 24.17 22.68
S0-Mar86 27.81 25.42 31.52 30.16
Apr1986-89 12.84 14.69 12.34 10.63

1. Calculations arc in June 1981 dollars.

before the models were calculated. Cattle investors may find it easier and as accurate to use other
models that do not require the use of a time series package to forecast price. Cattle investors could
use different price forecast models at different times as part of the information gathering risk man-
agement strategy.23 This should reduce risk. Choosing the best forecast model in any particular time
period is a problem not explored any further in this study. The cattle production function is explained
in the next section. :

3.4 Production Function

The base production function for feeding heavy feeder steers in 2 custom feedlot is explained in
this section. First, the cost of production is calculated. Second. he total revenue is calculated. Net
revenue and annual net returns per lot are calculated and participation in the NTSP is also simulated.
The results of these base simulations and MSEs of net returns are reported. The forecast net returns
are then explained and presented. Finally, some limitations on this production function are dis-
cussed.

The cattle investor purchases 100 good quality heavy feeder steers each month from Edmonton,
Alberta and places them in the feedlot near Calgary, Alberta. All costs are assumed paid at the begin-
ning, of the feeding period. No production risk is included. The only risk is slaughter price risk. This
rescarch uses much of the production information reported by Coles (1989).

23 Leuthold. Garcia, Adam and Park (1989) tested hog market futures efficiency using a strategy of

choosing different hog price forecast modeis based on the model with the lowest MSE up to that time
period.
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Three different beginning feeders weights are chosen based on the data collected to give similar
finished selling weights of 525 kg (1157 1b). The 525 kg (1157 Ib) is the unshrunk sale weight. The
length between 3 month feeding periods (going from the Wednesday of month t to the Wednesday of
month t+3) are 84, 91 or 98 day feeding periods. Most of the feeding periods are 91 days. 380 kg
(838 Ib) feeder weights are chosen when the feeding period is 98 days. 390 kg (860 1b) are chosen
when the feeding period is 91 days. 400 kg (882 Ib) are chosen when the feeding period is 84 days. No
specific grade discounts on slaughter animals are used in this production function. The Alberta direct
slaughter price is a weighted average of grade A prices for steers.

Various input costs are developed using Coles (1989) study. Some of these costs are single data
points and they are detailed in the Appendix A. Various cost indexes are used 10 adjust these single
point numbers to provide costs for each month. The indexes adjust the dollar amounts 10 comparable
doliars for each time period tc account for the effect of inflation. A cattle feeder ration pricing factor
based on the monthly barley price is used to determine the ration price in cach feeding period. The
Calgary open market monthly average barley price is used.

The following equations show how the cost of production in nominal dollars is calculated. A
scries of equations lead to the total cost equation to produce one lot of feeder cattle. Feed costin
dollars per tonne is:

34, Feedcost,.;=rationx baropen,.;—bumount X crowben, ;+

bamountX bartran, 3+ feedproc, ,

where:

t is the month the steers are soid for slaughter,

ration is the ration pricing factor using barley price,
baropen is the open market barley price in $/tonne,
bamount is the proportion of barley in the ration,
crowben is the CBOP payment per tonne of grain,
bartran is the barley per tonne transportation cost and
feedproc is the per tonne processing charge for feed.

Feedcost is reduced by the CBOP when applicable and the costs of barley transporiation and
feed processing are added to the cost. The open market barley price is used
Total feed use in tonnes per ot over the entire feeding period is:

35. Feeduse,.;=(l —deathlos)X totsizeX feedconX feedct 1y, | 001+

deathlosX lotsize X feedconX feeddaz s %X :5x.00]1

where:

deathlos is the proportion of feeders that dic,

lotsize is the number of feeder steers purchased each month,

fe2dcon is the feed conversion ratio,

Feeddays is the number of days in the feeding period,

001 factor converts kilograms to tonnes and

.25 factor assumes animals that die consume 25% of feed betore death.
Total feed cost per lot combines equations 34 and 35 to get:

36. T feedcost,.; = feedcost, yX feeduse, 4

Toual feeder steer purchase, trucking and buyer costs per lot arc:



50

37. Feedercost,.,= feeder price, ,x feederwt, ;% lotsizex .01 x2.2046 +

truck,. ;X distance

x lotsize+ buyer,. ;%X lolsize
truckcap

where:

feederprice is the Edmonton 800+ feeder steer price in $/Cwt,
feecderwt is the steer purchase weight in kgs of 350, 390 or 400,
.01 factor converts price series $/cwt to $/ib,

2.2046 converts kgs to Ibs.

truck is hauling charge/km for feeder steers,

distance is trucking distance for feeder steers,

truckcap is the number of feeder cattle per truck load and
buyer is the buyer’s fee per head purchased.

Total feedlot charges per lot (excluding feed) are:

38. Feedlot, 5 =(vardage, ;+bedcost,_3)X% feeddays, ;X lotsizex (1 —deathlos~+
decthlosx .25)+ treat, ;% lotsize+ process, ;% lotsize

where:

yardage is feedlot charge per head per day,

bedcost is bedding cost per head per day,

25 factor assumes death loss occurs 1/4 of the way into the feeding period,
treat is total veterinary costs per head and

process is the feedlot processing charge for incoming feeders.

The nominal total production cost per lot paid at the time of the feeder purchase (t-3)
combines equation 36, 37 and 38:

39. Totalcost, =T feedcost, 3+ feedercost,_;+ feedlot, 5
or

Totalcost, 3 ysp= T feedcost, 3+ feedercost, 3+ feedlot, 3+ ntspprem, 3Xx {otsize

where:
NTSPprem is the per head NTSP premium if enrolled in the program and
NTSP subscript indicates costs include NTSP premium.

This concludes the series of equ.tions used to calculate the total cost of production per lot of
feeder cattle. The factors used in the study are in Appendix A. The cattle investor pays this nominal
cost at the time the feeder cattle are purchased. Costs are calculated each month for a different iot of
feeder steers for the period January 1976 to September 1989.

The next series of equations calculate the nominal total revenue for each lot of finished cattle
sold in Alberta. Feedlots often sell the finished catile using the feedlot scale. Therefore there are no
sclling charges. The shrink adjusted final sellinz;  :ight for the lot fob the feedlot is:

). Finalwt, = (feederut, ;- feeddays,.;xadg)Xx lotsizex (1 ~deathios)x (1 —shrink)

where:

ady is the average daily feeder weight gain in kg, and

shrink is the proportion of selling weight deducted from the feedlot scale weight to account for
the expected transportation shrinkage.

The total revenue for cach lot before any NTSP pay out combines equation 40 with the nominal
Alberta steer price:

4. Totulrevenue, = ftnalwt x 2.2046 x str price,x .01
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where:

strprice is the nominal Alberta direct slaughter steer price for the third week of the month,
2.2046 factor converts kgs to Ibs and

.01 factor converts S/cwt to S/1b.

Participation in the NTSP adds 10 revenue if there is a pay out. The NTSP paid out about 72
days after the end of the quarter (if a payment was made) from 1986 to the end of 1988, Starting in
1989 the payments were calculated monthiy so the payments are assumed to come about 2 months
after the sale. Therefore the NTSP payments are discounted to the total revenue time period using
the general CPI. This discount is required to get numbers with similar purchasing power and the CPI
is used since the investment is a shifting of consumpiion to different time periods. The NTSP pay out
per head discounted back to the cattie sale date for April, 1986 to December, 1988 is calculated as:

42, CPI,
ntsphead,=ntsphead . 3%

CPI,.,

and for January, 1989 to December, 1989 as:
43'11 1, = ntspl 1w
ntsphead,=ntsphead, ;% CPI.,

where:
NTSPhead is the per head NTSP pay out,
t is time period in which cattle were sold on which NTSP was paid,

t+3 or t+2 is the time period when the NTSP was received on average and
CPI is the general consumer price index.

Then nominal total revenue with NTSP per lot in time t combines equation 41 with ¢ither
equation 42 or 43:

44. TotalRevenue, ,,,= Totalrevenue,+ ntsphead, x lotsizex (1 - deuthlos)

This ends the calculations of the nominal total revenue per lot. The total revenue is calculated
cach month for the period April 1976 1o December 1989.

The revenues and the costs for each lot of feeder cattle occur in different time periods. Costs
are assumed paid at the beginning of the feeding period. Revenue is received at the end of the feeding
period about three months after the cost are paid. These two nominal dollar figures are not the same
valued dollars in terms of purchasing power because of inflation. The CP1 is used to adjust dollars so
that these dollar amounts are directly comparable. The CPI is used since the investment decision is a
deferment of consumption to a different time period.

The net revenue equation uses equations 39 with 41 or 44 and adjusts equation 39 for 3 months
& inflation on input cOSts tO get:

45.

CPi
Netrevenue, = Tolalrevenue,-| Totalcost, 34X :
CPI,. 4

or

cPi
Netrevenue, ,,,= Totalrevenue, ., Totalcost, y ,;,* _—
: : CPI,.,
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The net revenues per lot are converted to net returns per lot and then converted to annual
returns per lot. The annual net returns per lot allow for direct comparisons between each lot of cattle
fed in the simulation and other investments such as the TSE 300 for the same time period. Thisisa
real rate of return since the effect of inflation is removed. The annualized real net returns per lot in
percent are calculated using equations 45 and 39 to get:

% 265
. I’ (/udanvi,.;)
Netrevenue,
Nelrelurns, qat = TP +1 1 X 100
Totalcost,. ;X crr.a
or
(38
\iuudant-g) h
' Netrevenue, s,
Neatreturns, ,pnuat. msp = _C__._H‘ : ! e
Totalcost, 3, pisp X CPI,_,

This gives the base model for calculating simulated costs and real net returns for the Alberta
cattle investor in heavy fecder steers. The net revenue numbers for each lot of cattle are converted to
real December 1989 Canadian dollars using the CPI. This puts the doilar figures in terms that are
closer to current prices. The net revenue per lot and net returns per year are reported in Tables 7 and
8. The net returns are ihe main measurement used in this study for comparison. Net revenue were
the measures used by Caldwell et al. (1980) and Carter and Loyns (1985). Net revenue is also related
to the cash flow measures used by Gillis et al. (1989) and Gaston and Martin (1984). Comparisons
using net returns versus using net revenue are commented on later in this chapter.

The net returns from Table 7 for the period January 1980 to December 1989 with no NTSP are
0.89%. The period January 1980 to March 1986 returns are 4.39%. The returns for the period April
1986 10 December 1989 are -4.94 with no participation in the NTSP. The returns in Table 7 for the
period April 1986 10 December 1989 (no hedging and no NTSP) may be significantly different from
the period January 1980 to March 1986.24 The net returns in Table 8 for the period April 1986 10
Dcecember 1989 with participation in the .. (SP is 2.37%.

Figure 7 is a graph of the net returns with participation in NTSP for finishing heavy feeders in
Alberia. This shows the variability of returns over the time period of the simulation. Tests for a lin-
car time trend in net returns (reported in Appendix B) do not show a significant increase or decrease
in the net returns in the simulation. The net returns with NTSP for 1980 to 1989, 3.63%, is lower
than the T-Bill rate of return, 4.74%, and the TSE rate of return, 14.04%. The standard deviation of
net returns with NTSP for 1980 to 1989, 33.64, is higher than the T-Bill standard deviation, 2.60 and
lower than the TSE standard deviation, 43.59. The net returns from cattle fecding are less variable
than the TSE 300. Details on the T-Bill and TSE 300 calculations are in Appendix G.

24 Test of significance for differences in mean are shown in the tables. These tests results require
caution in interpretation because of autocorrelation in the data.
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Table 7

Net Returns

Base Model - No Hedging and No NTSP

Year Net Revenue Net Revenue Net Returns Net Returns
Mean Per Lot Mean
Dec. 1989 S Std. Dev.1 Real 9% Annual Std. Dev.!
1976-89 69.65 10340.90 6.02 15.86
76-79 2807.1 13672.95 19.692abc¢ 65.95
80-89 -956. 8622.69 0.89¢ 34.54
80-Mar86 -330.14 9703.49 4.39b 38.55
Apr86-89 -2001.50 6398.70 -4.94b 25.93
Table 8
Net Returns
Base Model - No Hedging and With NTSP
Year Net Revenue Net Revenue Net Returns Net Returns
Mean Per Lot Mecan
Dec. 1989 S Std. Dev.l| Real ¢ Annual Sud. Dev. 1
76-89 621.86 10124.06 8.012a 15.16
76-79 2807.13 13672.95 19.69abcd 65.95
S0-89 -197.62 8345.57 3.63c¢ 33.64
80-Mar86 -330.14 9703.49 $.39b 38.55
Apr86-89 23.26 5471.00 2.37d 23.64

- 1. This is the standard deviation estimate of the population and not the standard deviation of the
mean.

2. An a indicates the mean is significantly different from O using the assumption of normality and the
t distribution at the 5% level of significance. Only the net returns are tested. A b, ¢ or d indicates
that the numbers with the b, c or d are statistically different from each other using assumptions of
normality, independence between tte populations, same variance and the t distribution at the 5%
level of significance. These tests should be used with care since there appears to be autocorrelation in

the net returns. Sce Appendix B 1o details on the autocorrelation and the direction of bias in the
Lests on net returns.

3. The net revenue is -956.90 and the net returns is 0.89. This apparent discrepancy is related to the
compounding calculation used to get the annual rate of return and negative covariance between the
nct revenue and the reciprocal of the investment amount (cost).

The Alberta slaughter steer price forecast is used to forecast real net returns for each lot of
cattle placed in the feedlot. This forecast is done at the time of the feeder cattle purchase. These
forecasts are required for the MSE risk measure using net returns.

Total revenue prediction is straight forward. The revenue and net returns prediction use the
same format as the actual returns in section 5.4. Actual slaughter steer price in equation 41 is
replaced by the forecast price from cquation 33. All costs are known at the time of the feeder cattle
purchase. The revenue prediction is in June 1981 dollars. The forecast net revenue 18:
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Figure 7
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where:

Piotalrevenue is the Srcdicled lotal revenue per lot in June 1981 dollars,
finalwt is equation 40 on shrink adjusted final sale weight,

Pstrprice is the forecast Alberta steer price in June 1981 dollars,

2.2046 and .01 are weight and price adjustment factors,

Pnetrevenuce is predicted net revenue per lot,

Totalcost is equation 39 adjusted to June 1981 dollars using the CPl and,
ntsp subscript indicates that costs include NTSP premiums and the forecast NTSP pay outs.

The annual net returns calcutations follows the same format as equation 46. The calculations
are similar when NTSP is included. The forecast NTSP pay out, 3 x NTSP premium, replaces the
actual NTSP pay out. The forecast net returns for the base production are in Tables 9 and 10. The
MSE of net returns follows the format shown in chapter 3, equation 4 and uses the actual net returns
and the forecast net returns from the price forecasts. An additional MSE is calculated for the base
strategics only using the historical nct rate of return from equation 46 as the forecast rate of return,
The mean of net returns is calculated up to period t to forecast returns in period t+3. The mean is
updated every month. This is very similar to the historical variance and this type of forecast has been
suggested as an alternative2S. The MSE for the net returns are also in Tables 9 and 10 but discussion
on the MSE is deterred until all the strategy results are presented.

25 The historical mean for the entire feeding period of 1976 to 1989 is not used as the forecast in
MSE (historical variance) in order to maintain the ex ante approach used in the price forecast for the
net returns forecast. The use of the mean of net returns as a forecast of net returns may be a plausible

forecast incorporating the varying rclationships between costs and returns and the expected returns of
the cattle feeders.
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Table 9
¥orecast Net Returns And MSE
Base Model - No Hedging and No NTSP!

Ycar Net Revenue | Net Returns % MSE| MSE Net Returns

Mean Mean | Net Returns Mean Forecast?2

1980-89 -1095.65 -3.69 1335.7 1339.1

1980-Mar86 1274.83 4.89 1562.8 1642.1

Apr1986-89 -5046.45 -17.98 984.1 859.9
Table 106

Forecast Net Returns And MSE
Base Model - No Hedging and With NTSP1

Yecar Net Revenue | Net Returns % MSE| MSE Net Returng

Mean Mean| Net Returns| Mean Forecast?
1980-89 -502.58 -1.53 1271.6 1248.0
1980-Mar86 1274.83 4.89 1562.8 1642.1
Apri1986-89 -3464.92 -12.23 810.8 613.7

1. Revenue reported in December 1989 dollars.

2. This is the MSE calculated using the mean of historical net returns at time period t to forecast
returns at time period t+3. It does not dramatically improve the MSE. It does iniprove the forecast
for the NTSP and this may indicate that the NTSP is reducing risk and helping to maintain a certain
level of income for the caitle investor. With NTSP, this may be a better forecaster of net returns than
using some other price and NTSP forecasters.

There are several limitations in this production function and the net returns reported in the
hase models in Table 7 and Table 8. One limitation is the assumption that the production is non sto-
chastic. This problem is addressed eariier in this study and is justified bascd on the research by Coles
(1989). Individual feedlots may have costs consistently lower or higher than the costs used in this
study. This would change the comparison of net returns from cattle feeding to T-Bill or TSE 300 net
rcturns over the same time period. Cattle feeding may be more or less profitable than shown in this
simulation. The variability of cattle feeding net returns should be close to the same as in this study.

Another restriction is the assumption that the feedlot always buys heavy feeders. Heavy feeder
steers may not be available year round in Alberta due to the biological processes in the production of
beef cattle and the usual practice of late winter or spring calving. The main reason for using this
restriction is that it simplifies the production model. Since a cattle investor is free to vary the quality
and weight of cattle purchased and placed on feed, the production function used in this study should
represent a lower bound on the profitability of feeding cattle. The production function should give a
reasonable representation of the variation in returns in cattie finishing.

The other restriction is the lack of substitution in feed inputs. Alberta is limited in the type of
feed grains grown in commercial quantities. Barley is the main feed grain uscd. Therefore little sub-
stitution of other feed grains for barley is expected. Silage, the other main ingredient in finishing
rations in commercial feedlots, is usuaily not marketable except through cattle as a feed input. The
bulkiness of silage makes alternative markets for silage limited due to high transportation costs.
These factors imply little substitution with other feeds.
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The base simulation reported net returns on investing in Alberta cattle with no NTSP and with
NTSP. Participation in the NTSP may have increased the mean returns such that there is no signifi-
cant difference in returns between 1980 to March 1986 and April 1986 to December 1989. The base
production functions should be a lower bound on the profitability of feeding feeders in Alberta in a
custom feedlot. The base production function is limited due to the restriction of always purchasing
heavy feeders each month and heavy feeder steers may not be available year round. Further analysis
of the base models results and the MSE calculations are deferred untii the other investment strategics

are presented. The next section builds the 100% hedge and hold risk management strategy using the
base simulations from this section.

5.5 100% Hedge and Hold Strategy

The 100% hedge and hold risk management investment strategy is explained in this section.
The live cattle futures contract is first checked for bias using a weak form cftficiency test. This helps
determine whether torecast hedge profits in the model should be non zero. The 100% hedge strategy
builds upon the base model of cattle investing in Alberta with no NTSP and with NTSP. The equa-
tions, the actual results and the forecast results are reported.

The hedge profits or losses are important in the 100% hedge and hold strategy. An unbiased
futures market would support the conclusion that over longer time periods 100% hedging is not an
overly expensive strategy. As a check on futures market bias (a weak form market efficiency test),
simulated hedges for the period 1976 10 1989 e done for 1, 2, 3,4, 5 and 6 month holding periods.
These hedges hold short (sell CME live cattle contracts) positions. A new hedge position is opened
cach month. Profits are calculated for the United States and the Canadian invester in S/cwt using the
hedge profit equations 49 and 50. The mean of the hedge profits are tested to see if they significantly
differ from zero using standard t tests. Different time periods over 1976 to 1989 are tested. The com-
plete results are in Appendix C. Results for Alberta for 1980 to 1989 are in Table 11.

Table L1
Hedge Profit For Alberta Investor
January 1980 to December 19891

Hedge Mean Std. Dev. Std. Dev.
Length Sliewt Sample Mean t Statistic?
>0 day 0.02 5.08 0.46 0.04
60 day 0.15 7.02 0.65 0.24"
90 day 0.51 8.13 0.75 0.67
120 day 0.95 8.77 0.81 1.16
150 day 1.20 8.86 0.83 1.45
180 day 1.60 8.77 0.83 1.94

1. Means and standard deviations are reported in Dec. 1989 Canadian dollars. The approximate
broker costs are 50.19/cwt in the same 1989 dollars. A factor of 1.536 can be used to divide the dollar
figures Lo convert 1o June 1981 dollars.

2. T statistic is the test for the difference of the mean from 0. The t value at the 5% level of signifi-
cance is approximately 1.98.
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The simple tests on the mean for the period 1980 to 1989 in Table 11 indicate hedge profits are
not significantly different from 0. This includes hedges for 1 month through to 6 months. Similar
results hold for the other time periods for Alberta and Omaha. The reliability of these tests is weak
due to possible autocorrelation in the sample. Further comments on this autocorrelation are in
Appendix C. The likely direction of bias with autocorrelation is towards rejection of the hypothesis
that the means are equal to zero. This strengthens the conclusion that hedge profits are not signifi-
cantly different from 0. The rational investor would forecast zero hedge profits (excluding brokers
fees and margin money) when hedging cattle. This result further suggests that the minimum variance
hedge ratios calculated in the next section are equivalent to the optimal hedge ratio.

Complete 100% hedge and hold strategies «. ¢ simulated. The cattle investor sells CME live
cattle futures contracts that exactly match the predicted output of cattle at sale time. The contracts
are sold at the same time the feeder steers are purchased. The contracts are purchased back on the
date the cattle are sold. The time period of ¢ach hedge is approximately 3 months and this matches
the feeding period for each lot of cattle. Brokers fees are included in the calcuiation but margin is not
included. The futures contract used for hedging a lot of cattle always enters the contract expiry month
after the sale of the cattle.

The profit (or loss) for a 3 month hedge in U.S. dollars per cwt is calculated as follows:

49. Gl\/’P,
Hedgeuss.l = Fu'tu're/"-ax G[VPl-:!

- Future, ,

where:

Hedge is the hedge profit in U.S. doliars at timet,

Future is the futures price at times t and t-3 for the same contract j,
j, the contract expiry month, occurs after time t and

GNP is a U.S. price deflater.

The Alberta hedge profit in S/cwt for the 3 month hedge is calculated by adjusting for exchange
rates and three months of inflation.

50 CPI,
Hoedgeca,s = Future, , ;x Exchange, 53X Pl .~ Future, x Exchange,
-3 :
The hedge profit (or loss) for each % ot rattle fed is:
51. 2.2046

Hedgelot gus. = Hedge g, ~ finalwt X 100

where:
Hedgelot is the hedge profit per lot in Canadian dollars and
finalwt is the total shrunk saie weight of the lot in kgs.

The following is an example of how costs and total revenue are updated using equations 39 and
41. Brokers fees for the futures transactions are added to the total costs. Hedge profits are added to
the total revenue. The rest of the calculations for net revenue and annual returns then follow the
same format as shown in section 5.4, equation 45 and equation 46.

52. Totalcost,.; =T feedcost, ;+ feedercost,.;+ feedlot, 3+

2.2046

broker, ;% finalwt, ;X% 30000
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33. Totalrevenue, , = finalwt,x2.2046 X strprice,x .01 + hedgelot ., ,

where:

Tfeedcost, equation 36, is total feed cost per lot,

feedercost, equation 37, is feeder purchase and marketing costs,

feedlot, equation 38, are to1al feedlot charges,

broker is the brokers fee per 40000 Ib futures contract,

finalwt is the shrink adjusted lot sale weight is kgs converted to 1bs with 2.2046 and
strprice is the Alberta slaughter steer in $/cwt adjustied by .01.

The returns for cattle feeding with 100% hedging are reported in Tables 12 and 13. The annual
net returns with 100% hedging gives mixed results over the no hedging results in Tables 7 and 8. Net
returns of -0.15 with 100% hedging and no NTSP over the period 1980 to 1989 (Tabie 12) are lower
than net rzturns of 0.89 with no hedging (Table 7)26. 100% hedging decreased net returns on the
cattle investment by 1.04% (0.89-(-0.15)). The mean net revenue for the same time period, 1980 to
1989, for the 100% hedge and no NTSP is -3335 versus -3957 with no hedging. This apparent contra-
diction between the net revenue comparison and the net returns comparison is explained by the calcu-
lation which compounds the rate of return per lot to an annualized rate per annum.27 The net
returns with 1009z hedging over the period 1980 to March 1986, 6.54, is higher than the returns with
no hedging, 4.39. 100% hedging increased net returns on the cattle investment by 2.15% (6.54-4.39).
The net returns with 1009 hedging over the period April 1986 to 1989 dccreased returns by 6.36%
(-4.94-(-11.30)) over no hedging.

The standard deviations of net returns with hedging in Tables 12 and 13 are all smaller than the
comparable standard deviations with no hedging in Tables 7 and 8. This result contrasts with Cald-
well et al. (1982) where standard deviations of income increased with 100% hedging. The standard
deviation result here is similar to the result reported by Carter and Loyns (1985) for steers=S,

Leuthold and Tomek (1980) summarized results from several studies and concluded that 100%
hedging reduced risk but it reduced returns to such a level that it was not profitable to feed cattle.
This study does not fully support the conclusions of Leuthold and Tomek (1980). Net returns on the
total cattle investment are reduced by about 1% with 100% hedging over the 10 year period 1980 1o
1989. This is not an excessively high cost for a reduction in risk.29 The break down of different time
periods in the tables gives a different picture. The period 1980 to March 1986 shows that 100% hedg-

26 The means and standard deviations are not tesicd for significant differences since these numbers
are noi independent in the siatistical sense. The standard tests require independent populations.

27 The compourding calculation of a rate of return perlottoan annual rate in equation 42 tends 1o
favour positive returns over negative returns in the final caicuiation of the arithmetic mean of annual
rates of return. For example, assumc costs are $100 and net revenues are $10 or -S10 in a three
month period. The annualized rate of return for the 310 return using cquation 42 18 46% and the rate
of return for the -510 i5 -34%. The average of annual net returns ((46% +(- 34%))/2) is 6% versus
the average for the net revenues of Q. This gives some possible explanation for different results where
studies measure risk using monthly or yearly casi flows such as Gallis et al. (1989).

28 Carter and Loyns (1985) reported a 149 decrease in the standard deviations of net revenue with
100% hedging. The net revenue standard deviations in Table 7 (8622) and Table 12 {7210) show a
16%, ((3622-7210)/8622)x100, reduction in the standard deviation with hedging.

29 The squaie root MSE on net returns are reported later in Table 37. 100% hedging reduces risk by
48% over not hedging.



60

ing adds over 2% to the cattle feeding net returns and reduces risk. This contradicts Leuthold and
Tomek’s conclusions. The period April 1986 to 1989 shows that 100% hedging decreases cattle
feeding net returns by over 6% and reduces risk. This supports Leuthold and Tomek’s conclusions.

This study shows 100% hedging over longer time periods does not cost an excessive amount.
The problem for the individual investor may be that over a period of 3 or 4 years the strategy may
reduce cattle feeding returns substantially. The investor may not be able to sustain these losses or
maintain confidence in the strategy. This m.ay makes the 100% hedge and hold strategy a non viable
risk management strategy for some catiie investors.

Table 12
100 % Hedge and Hold Strategy
Without NTSP
Year Net Revenue Net Revenue Net Returns Nect Returns
Mean Per Lot Mecan
Dec. 1989 S Std. Dev.l| Real % Annual Std. Dev.!
30-89 -335.12 7210.01 -(% 15 25.49
sS0-Mar86 1517.20 7571.66 6.54-ab 26.12
Apr86-89 -3422.32 5345.96 -11.30ab 20.14
Table 13
100 % Hedge and Hold Strategy
With NTSP
Year Net Revenue Net Revenue Net Returns Net Returns
Mean Per Lot Mean
Dec. 1989 S Std. Dev.1 o Annual Sid. Dev.1
30-89 124.16 6863.51 2.66 24.69
80-Mar86 1517.20 7571.66 6.542ab 26.12
APIi6-89 -1397.56 S055.30 -3.32b 20.80

I. This is the standard deviation estimate of the population and not the standard deviation of the
mean.

5. An u indicates the mean is significantly different from 0 using the assumption of normality and the
{ distribution at the 5% level of significance. Only the net returns are tested. Ab indicates that the
numbers with the b are statistically di{ferent from each other using assumptions of normality, inde-
pendence between the populations, same variance and the t distribution at the 5% level of signifi-
cance. These tests should be used with care since there appears to be autocorrelation in the net
returns. See Appendix B for details on the autocorrelation and direction of bias in the tests On net

returns.

The revenue forecasts with 1009 hedging use the same format as the actual revenue calcula-
Lions in section 5.4. The total revenue forecast is cquation 47 with costs adjusted for brokerage fees
as in cquation 32. No other changes are required in the revenue or net returns forecasts since the
investor is expecting zero profits from the hedge. The total revenue forecasts are converted to
December 1989 dujlars. The MSE of net returns is calculated using the actual returns and the fore-
cast Feturns as in equation 4, Chapter 3. The net revenue forecasts, the net returns forecasts and the
MSE for the 100€% hedge and hold are in Tables 14 and 15. The means of the forecast are in general
tower than the actual returns in the model and this is shown more clearly in a later section with
graphs comparing the actual returns to the forccast returns for all strategics.
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. Table 14
Forecast 100 % Hedge and Hold Strategy And MSE
Without NTSP!

Year Net Revenue | Net Returns %2 MSE

Mean Mean | Net Returns
1980-89 -1312.26 -4.44 356.3
1980-Mar86 1058.22 4.10 3456
Apr1986-89 -5263.05 -18.69 382.4

1. Revenue reported in December 1989 dollars.

Table 15
Forecast 100 % lledge 2nd Hold Stratepy And MSE
with NTSPl

Year Net Revenue| Net Returns “e MSE

Mean Mean| Net Returns
S0-89 -719.18 -2.31 339.0
SO-MarS86 1058.22 1.10 345.6
Apr36-89 -3681.52 -12.99 335.7

1. Revenue reported in December 1989 dollars.

The futures market was tested for bias in this section. Over extended time periods there does
not appear to be bias in the futures market. This test on the efficiency of the live cattle futures
market does not reject the hypothesis -f live cattle market efficiency from Chapter 3.30 Further
analysis of the 100% hedge and hold strategy and MSE calculations are deferred until all the invest-
ment strategy results are reported. The next section explains the optimal hedge risk managepzent
strategy.

5.6 Optimal Hedging

The optimal hedge risk management strategy is an alternative o the 100% hedge strategy. The
futures market efficiency results in the previous section imply the minimum variance hedge ratios are
also optimal hedge ratios. These minimum variance ratios are calculated for Alberta and Omaha
investors to compare relative hedge effectiveness. The optimal hedge strategy net returns, forecasts
and MSE of net returns are reported.

The price difference model, cquation 21, is used to calculate hedge ratios. The prices used are
the Alberta cash price differences and the CME futures market price differences3!. Therefore the

30 Serial autocorrelation in returns has been used to test market efficiency where significant autocor-
relation has been interpreted as market inefficiency. Danthine (1977) suggests that this may not be a
valid interpretation of autocorrelation. Sccondly, the autocorrelation picked up by the tests in the
Appendix C may be model misspecification.

31 This model is a variance minimizing solution following the common estimation methods in the lit-
crature. An alternative solution to this model is to compare the differences between the (forecast
price and the actual price) to the futures price difference or 1o compare the differences in (forecast
revenue and actual revenue) to the futures price difference. These alternatives would be MSE mini-
mizing hedge ratios. These alternative methods may be more consistent with the MSE definition of
risk however this alternative wis not used.
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NTSP is not included in this optimal hedge calculation. The price difference method allows for some
comparison between the Alberta and the Omaha cattle investor. All numbers used for Alberta are
converted to real June 1981 Canadian dollars before calculating the hedge ratios32. The following
model shows one set of data points in the estimated model.

34 (Strprice, - Strprice, ;) =a+(Future, qy,5.,~ Future, cyas -3)Y+ 1

where:

Strprice is the Alberta steer price at time t and
Future is the j contract month price in Canadian dollars.

The vis the optimal hedge ratio. The pis assumed to have zero mean and homoskedastic vari-

.. with no serial correlation. The hedge ratio is estimated again each month adding the new set of
w5 smation available for the month. For example, the first 3 month hedge ratio is calculated using
.he data available from January 1976 10 October 1979. The next hedge ratio calculation adds the data
for November 1979 to the data set. 120 hedge ratios are calculated for the period of cattle sales from
Junuary 1980 to Decemoer 1989. This method of updating should capture any possible changes in the
parameters over time. The R-Squared of equation 21 is the measure of hedging effectiveness. This
model is calculated for 1, 2, 3, 4, 5 and 6 month price difference intervals.33 This compares different
hedge intervals used by other studies or used by cattle investors.

This model is also used to calculate the optimal hedges for catile feeders at Omaha. The u.s.
dollars are all converted to real January 1982 dollars using a GNP deflater before the optimal hedge is
caleulated.

Sclected hedge ratio results are in Table 16. Selected hedge ratios for Alberta and Omaha
show the first hedge ratio calculated and the last hedge ratio for catie sales that occur from January
1980 to December 1989, The ratios do not change much from month to month. The hedge ratio for
Alberta investors for the three month hedge varied between 0.64 and 0.71. This is similar 1o other
studics such as Carter and Loyns (1985). The hedge effectiveness value, the regression R-squared,
varied from .37 10 .43. The similar period for Omaha investors shows hedge ratios varying {from 0.69

32 Real dollars are used since the hedge ratio measures variances and covariances of returns and their
relationship. Variances and covariances of pominal returns are not directly comparable since each
variance and covariance is in a different scale unless the numbers are converted to some base figure.
This is done using the CP1 or the U.S. GNP price deflater. Furthermore, returns with constant vari-
ance in real terms, an implicit assumption in this ratio caiculation, will exhibit heterskedasdicity if
nominal valucs are used. The use of real dollars should remove this trend. Finally, the two prices
used tn the price differencing, are not in the same valued currency unless they are adjusted for infla-
tion to the same base period.

33 A simplificd Mevers and Thompson model (from equation 27)

Strprice,=a+ (Fulttrecyas « — Fulirecaas, «-3)Y+ strprice,.sa =~ future,.;b ~ pwhere the opti-
mal hedge is calculated as a function of the futures prices difference and lagged variabies of price was
estimated for the 3 month holding rcriud. This optimal hedge did not reduce the variance of returns

as much as the simpler OLS price difference model used here. No further results from the Meyers
and Thompson model are reported.
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to 0.75 with regression R-squared’s ot 0.45 10 0.36. There is not much difference between Alberta and
Omuaha in the level of optimal hcdging.34 Optimal hedging is likely as effective for Alberta investors
us it is for Omaha investors in reducing the variance of historical net returns.

Alberta hedge ratios and the hedge effectiveness measures in Table 16 increase with longer
hedge holding periods. Longer hedges may correct for short term differences in price movements in
the Alberta cash market versus the CME. Different local supply conditions in Alberta may be the
cause of the short term price differences. No investigation of these price differences or changes in
hedge ratios is done.

Table 16

Selected Optimal Hledge Ratiocs
Alberta And Omaha

Hedge Hedging Hedging
Length Effectiveness Effectiveness
and Alberta Alberta | Omaha Omaha
Date Hedge Hedge R-Squared} Hedge R-Squared
Opened Ratio Ratio

1 Month

19-Dec-791 0.47 )3 0.73 .66
15-Nov-89 0.50 ).32 0.62 0.51
2 Months

14-Nov-79 0.60 0.32 0.77 0.56
18-Oct-89 0.61 0.35 .66 0.45
3 Months

17-Oct-79 0.65 0.35 0.75 0.56
13-Sep-89 0.70 041 .69 (1.45
4 Months

19-Sep-79 0.67 0.36 0.80 .56
16-Aug-89 0.73 0.45 0.73 0.45
S Months

15-Aug-79 0.67 0.38 0.76 0.57
19-Jul-89 0.74 0.47 0.74 0.46
6 Months

18-Jul-79 0.70 0.43 0.76 0.60
14-Jun-89 0.76 0.49 0.75 0.47

1. The first date after the length of hedge is the date the futures contract is sold (feeder purchase
date) for a cattle sale that would occur in January 1980. The second date is the feeder purchase date
for finished cattle s6ld in December 1989.

The 3 month price difference optimal hedge for Alberta for the period of catile purchases
October 1979 1o September 1989 is used instead of the 1009 hedge and hold strategy. The 1007

70
hedge is adjusted by the optimal hedge ratio v, . jcalculated using the information available at time
period 1-3 when the feeders are purchased.

34 Trend analvsis of the hedging effectiveness und the optimal hedge ratio for Alberta investors indi-
cates that the hedge ratio has increased over the past 10 years and that the fedge effectiveness has
also increased.
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55.
100

Brokers costs are similarly adjusted using the optimal hedge ratio.

2.2046
Hodgelot s, =| Hedgecyns X ftnalwt, X —==— X¥Y.3

56. I'otalcost, , , =T feedcost, ,+ feedercost, 5+ feedlot, 5+

2.2046
(bl'okar,_:,x finalwt,_; ) -3

* 36000
The calculations for net revenue and annual returns follow the same format as shown in section
5.4. The net returns with optimal hedging and the standard deviations of net returns are in Tables 17
and 18.
Table 17

Optimal Hedge Strategy
Without NTSP

With NTSP

Year & Net Revenue Net Revenue Net Returns Net Returns
Mean Per Lot Mcan
Strategy Dec. 1989 8 Std. Dev.l| Real % Annual Std. Dev.1
S0-89 -603.06 6441.37 -0.82 23.86
80)-Mur86 333.08 6833.69 4.62<b 24.93
Aprs86-89 -2996.62 4929.52 -9.89ab 18.98
Table 18
Ontimal Hedge Strategy

Year & Net Revenue Net Revenue Net Returns Net Returns
Mean Per Lot Mean

Strategy Dec. 1989 S Std. Dev.l{ Real % Annual Std. Dev.!

S(3-89 136.23 6065.29 1.96 22.89

SO-Mursé 833.08 6833.69 4.622b 24.93

Apr86-89 -971.36 4344.17 -2.46b 18.43

|. This is the standard deviation estimate of the population and not the standard deviation of the
mean.

5. An a indicates the mean is significantly different from O using the assumption of normality and the
{ distribution at the 5% level of significance. Only the net returns are tested. A b indicates that the
numbers with the b are statistically different from each other using assumptions of normality, inde-

pendence between the populations, same variance and the t distribution at the 5% level of signifi-
cance. These tests should be used with care since there appears 10 be autocorrelation in the net
returns. See Appendix B for detaits on the autocorrelation and direction of bias in the tests on net

returns.

The standard deviation of the net returns using optimal hedge ratios (Tables 17 and 18) versus
100 hedges (Tables 12 and 13) decreases. The standard deviation for 1980 1o 1989 of the 100%
hedge with NTSP is 24.7 with mean ret returns of 2.66%%. The standard deviation with optimal hedge
catios and NTSP is 22.9 with mean net returns of 1.969%. This is the expected result. Optimal hedge
ratios reduce the variance of returns over 100% hedging. These standard deviations are not indepen-
dent and therefore cannot be direstly tested for significant differences using the standard F teston
variances. The hypothesis in section 3.3.5 that the optimal hedge ratio reduces the historical variance
of net returns versus the 100% hedge strategy cannot be tested.
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The revenue forecasts with optimal hedging use the same format as the 1009 hedge and hold
strutegy. The total revenue forecast is equation 47 with costs adjusted for brokerage fees as in equa-
tion 56. No other changes are required in the revenue Or net returns forecasts since the investor is
expecting zero profits from the hedge. The wotal revenue forecasts are converted 1o December 1989
dollars. The MSE of net returns is calculated using the actual returns and the forecast returns as in
cquation 4, Chapter 3. The net revenue forecasts, the net returns forecasts and the MSE of net
returns for the optimal hedge are in Tables 19 and 20. The means of the forecast are in general lower
than the actual returns in the model.

Table 19
Forecast Optimal [ledge Strategy And MSE
Without NTSP!

Year Net Revenue | Net Returns 9% MSE

Mean Mecan| Net Returns

S0-89 -1242.95 -4.20 417.7

S0-Mar36 1130.22 4.36 423.4

Apr86-89 -5198.22 1848 MN7.7
Table 20

Forecast Optimal Hiedge Strategy And MSE
With NTSpL

Year Net Revenue | Net Returns % MSE

Mecan Mean] Net Returns
S0-89 -649.87 206 384.0
30-Mar36 1130.22 1.36 423.4
Apr86-89 -3616.6Y -12.77 326.4

1. Revenue reported in December 1989 dollars.

The optimal hedge ratio was estimated in this section. The optimal hedge 5550 for Alberta
cuttle investors for a three month hedge in 1989 was 0.70. The optimal hedge reduces the variance of
historical returns, hedge effectiveness, by about 0.41. This is an alternative to the 10X0% hedge strat-
cgy. Further analysis of the optimal hedge strategy and MSE calculation is deferred until the other
investment strategics are reported.

5.7 Selective Investment Strategies

The selective strategies atiempt o lock in feeding returns greater than some target level. The
sclective strategies are simulated with and without participation in the NTSP and require net returns
forecasts. The three strategies ate called the 5% selective hedge strategy, the T-Bill selective hedge
strategy and the sclective investinent in feeder cattle or T-Bills strategy. This scction explains these
three strategies and reports the forccast net returns and the actual net rerurns.

The first sclective hedge strategy is 1o hedge using the CME live cattle futures contract if the
forecast net returns on feeding cattle is greater than 5%. This strategy requires net returns forecasts
and attempts 1o tock in a cattle feeding profit with hedging. The 5% is picked in an ad hoc manner
and is a real rate of return with the effect of inflation removed. The forecast net returns are tested at
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the time the cattle are purchased. If the forccast net returns are greater than 5%, a 100% hedge posi-
tion is taken. If the forceast net returns are not greater than 5%, the hedge is not placed at the time
the feeder cattle are purchased. The forecast net returns are then calculated from equation 48.

The hedge decision is tested again two months before the sale date, if no hedge is placed at the
time the cattle are purchased. A 100% hedge is placed if the forecast net returns are greater than 5%.
The hedge decision is tested again at one month before the sale date, if no hedge is placed at two
months or three months. The same 3% rule is used.

The three, two and one month net returns forecasts for the same lot of cattle change. The
rational cattle investor updates the slaughter price forecast using the most recent information. A
variation on equation 33, the futures market and the basis ARIMA(1,%,2) with constant model, are
used to forecast prices at two months and one month prior to the cattle sale date. The price forecasts,
updated at two months and one month prior to sale, are:

. 100
Pstrprice, ,= Future, ., X PExchange, ;X —4—+ Pbusis, ,
‘ " ¢ CPIl,; '
38. . 100 s
Pstrprice, = Fulure, X PExchange, X ————* Poasis,
: : - CPI ., :
where:

Pstrprice is the two month (subscri{)l 2) or one month (subscript 1) forecast Alberta slaughter
steer price for time tin June 1981 dollars,

Futures is the CME live cattle contract for contract month j in U.S. dollars.

Pexchange is the forecast exchange rate and uses the spot exchange rate at time -2 or t-1,

CPl is the consumer price index,

100 adjusts the CPland

Pbasis is the different 1 and 2 month basis forecast in June 1981 dollars.

The actual returns for the 5% selective hedge are adjusted for brokers fees if hedging occurs.
No inflation adjustment on brokers fees are made if the hedge is placed two months or one month
pefore sale date. This simplifies the calculation and the inflation error on this amount is negligible. If
hedges are placed, the total revenue and the net returns are adjusted for the hedge profit or loss. The
actual hedge profit or loss for the three month, two month or one month hedge are:

59, cPl,

Heodge e = Fitture, X Exchange X TPl .~ Future, x Exchange,
t-k

where:
Hedge is the hedge profit in Canadian dollars adjusted for inflation with CP|,
k is 1, 2, or 3 months prior to slaughter sale month

The net returns for this strategy are in Tables 21 and 22 and the forecast net returns and MSE
are in Tables 23 and 24. The net returns with the 5% selective hedge strategy are greater than the
comparable returns in the base strategies, 100% hedge strategy or the optimal hedge strategy. The
«tandard deviations for this selective hedge strategy are smaller than the base strategies but usually
arcater than the 10047 hedge or the optimal hedge strategies.

A sccond selective hedge strategy uses the 91 day T-Bill rate of return rather than the 5% rule.
Selective hedges are placed if the forecast rate of return in feeding cattle is greater than the forecast
T-Bill real rate of return over the feeding period. The rest of the T-Bill selective hedge strategy is the
same as the 5% selective hedge strategy. T-Bills are assumed to be a riskless investment. The real
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rcturns for T-Bills over the cattle feeding period are known at the time the investor purchases the
cattle. This assumptions makes the T-Bills riskless. The MSE of T-Bill returns is 0. The calculation
of the real T-Bill rates are explained in Appendix G. The net returns for the T-Bill selective hedge
strategy are in Tables 25 and 26. The net returns and standard deviations for the T-Bill strategy and
the 5% strategy are similar. The forecast net returns and the MSE for the T-Bill selective hedge strat-
cgy are in Tables 27 and 28.

The majority of the hedges used in the selective hedge strategics are placed during the period
1980 to 1986. Relatively fewer hedges are placed in the period 1986 to 1989 because net returns fore-
casts are low. Most hedges are placed at three months when the cattle are purchased. The number of
times three month, two month and one month hedges are placed is in Appendix E.
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5% Selective Hedge Strategy

With NTSP

Table 21
5% Selective Hedge Strategy
Without NTSP
Yeur Net Revenue Net Revenue Net Returns Net Returns
Mean Per Lot Mean

Dec. 1989 S Std. Dev.l| Real % Annual Std. Dev.1
1980)-89 541.69 7538.96 3.66 26.58
19%0)-Mar86 2157.84 7891.04 9.402ab 26.53
Aprl19s6-89 -2151.90 6092.49 -5.90b 24.04

Table 22

Year

Net Revenuc
Mecan Per Lot

Net Revenue

Net Returns
Mean

Net Returns

Dec. 1989 S Std. Dev.l| Real % Annual Std. Dev.1
Hedge, NTSP
80-89 1375.38 6949.37 6.632a 24.63
S0-Mar86 2157.84 7891.04 9.40ab 26.53
Apri86-89 71.28 4806.78 2.02b 20.55

1. This is the sample standard dev
2. Ana indicates the mean is signi
t distribution at the 5% level of signi
numbers with the b are statistically different
pendence between the populatio
cance. These tests should be use
returns. Sce Appendix B for details on the aulocorre

iation.

ficantly different from O using the assumption of normality
ficance. Only the net returns are tested. A b indicates that the
from each other using assumptions of normality, inde-
on at the 5% level of signifi-

ns, same variance and the t distributi
d with care since there appears to be autocorrelation in the net
lation and direction of bias in the tests.

Table 23

Forecast 5% Selective Hedge Strategy

Without NTSP

Year Net Revenue Net Returns MSE
Mean Per Lot Mean
Dec. 1989 S %% Annual Net Returns
19S0-89 -1216.39 -4.15 641.5
19S0-MarS86 1110.20 4.27 538.3
Aprivse-89 -5094.58 -18.16 829.7
Table 24
Forecust 3% Selective Hedge Strategy
With NTSP
Year Net Revenue Net Returns Mse
Mean Per Lot Mean
Dec. 1989 S Z Annual Net Returns
19R0-89 -639.76 -2.05 575.8
1930-MarS6 1110.20 4,27 538.3
Apriuse-89 -3556.37 -12.58 631.9
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Table 25

T-Bill Selective Hedge Strategy

Without NTSP

T-Bil Selective Hedge Strategy

With NTSP

Yeur Net Revenue Net Revenue Net Returns Net Returns
Mean Per Lot Mean
Dec. 1989 S Std. Dev.l| Real $6 Annual Std. Dev.1
1980-89 44913 7642.26 3.38 27.04
1980-Mar&6 2257.03 8034.78 9.973ab 27.20
APpPriuse6-89 -2564.03 5875.84 -7.60ab 23.15
Table 26

Year Net Revenue Net Revenue Net Returns Net Returns
Mean Per Lot Mean

Dece. 1989 S Std. Dev.1 Real %z Annual Std. Dev.!

1980-89 1279.75 7109.18 6.372a 25.29

1980-Murso6 2237.03 8034.78 9.97ab 27.20

ApPriyse-s9 -349.05 4875.81 0).36b 20.66

1. This is the sample standard deviation.
2. Ana indicates the mean is significantly different from 0 using the assumption of normality and the
t distribution at the 5% level of significance. Only the net returns are tesied. A b indicates that the
numbers with the b are statistically different from cach other using assumptions of normality, inde-
pendence between the populations, same variance and the t distribution at the 5% level of signifi-
cance. These tests should be used with care since there appears o be autocorrclation in the net

returns. See Appendix B for details on the autocorrelation and direction of bias in the tests.

Forecast T-Bill Selective Hedge Strategy and MSE

Table 27

Without NTSP

Yur Net Revenuel Net Returns MSE
Mcan Per Lot Mean

Dcece. 1989 S % Annual| Net Returns

S0-89 -1200.34 -4.09 675.8

SO-Nars6 1127.54 4.32 603.4

.—\pr.\'()-.\“) -3080.14 -18.10 313.0

Table 28

T-Bill Selective Hedge Strategy And MSE

With NTSP

Yeear Net Revenue| Net Returns MSE
Mecan Per Lot Mcan

Dcc. 1989 S <% Annual| Net Returns

80-89 -614.49 -1.96 620.0

SO-Mar86 1127.54 4.32 603.4

Apr86-89 -3517.87 -12.34 661.9
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The final investment strategy simulated is selective investment in feeder cattle or T-Bills. The
investment in cattle has risk. The T-Bill investment is riskless. The risk averse investor should prefer
the cattle investment to have a greater rate of return than the T-Bill. The selective investment strat-
cgy is purchase feeder cattle if the forecast return is greater than the 91 day T-Bill rate over the same
time period. If cattle are not fed then the same investment amount (the 10tal costs of feeding cattle)
is used to purchase T-Bills. The selective investment is simulated with the two base models, without
NTSP and with NTSP, and with the 100 % nedge strategy, without NTSP and with NTSP.

Forecast net returns, if cattle are fed, are the same as detailed earlier. If cattle are not fed then
the forecast net returns is the T-Bill real rate of return for the period. [f cattle are fed then the actual
net returns are the same as explained earlier in section 5.4 and 5.5. If the investment is in T-Bills then
the actual returns are the T-Bill real rate of return over the period. The selective investment in
feeder cattle or T-Bills net returns are reported in Tables 29 1o 32. The forecast net returns and MSE
for the selective investment strategy in feeder cautle or in T-Bills are in Tables 33 10 36.
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Table 29

Selective Investment Strategy
Feeder Cattle Or T-RBills
Without tHedging And Without NTSI

Year Nect Revenue| Net Revenue Ncit Returns| Net Returns
Mean Per Lot Mean

Dec. 1989 § Std. Dev.l| Real % Annuat|  Std. Dev.!

1980-89 2135.61 6478.25 7.262a 27.16

1930-MarsS6 1945.95 8178.77 7.97a 3315

Aprl986-89 2451.70 916.23 6.009a 5.59

Tabie 30

Selective Investment Strategy
Feeder Cattle Or T-Bills
Without Heaging And With NTSP

Yeur Nct Revenue{ Net Revenue Net Returns | Net Returns
Mecan Per Lot Mean

Dec. 1989 S Std. Dev.l] Real 2 Annual|  Sid. Dev. 1

1980-89 2219.99 6628.15 7.802a 27.97

TOR0-Murs6 194393 8178.77 7.97a 34.15

AprlYN6-89 2676.73 2444.40 7.52a 12.42

Table 31

Selective Investment Strategy
Feeder Cattle Or T-Bills
With Hedging And Without NTSP

Year Nect Revenue| Net Revenue Net Returns| Net Returns
Mecun Per Lot Mean

Dec. 1989 § Std. Dev.l| Real %% Annual|  Sud. Dev. !

1USR0-89 2748.94 4387.18 10.40a 16.24

1980)-Mars6 3688.82 5203.47 13.61ab 19.08

r\prl‘)‘\‘()-.\“) 1182.48 1582.U6 5.04ab 7.34

Table 32

Selective Investment Strategy
Feeder Cattle Or T-Bills
With Hedging And With NTSP

Yeur Net Revenue ] Net Revenue Net Returns | Net Returns
Mean Per Lot Mean

Dec. 1989 S Sid. Dev.l} Real ¢ Annual Std. Dev. !

8()-89 2968.93 4427.78 11.37a 16.74

NO-MarsSo 3G8S.N2 5203.47 13.61ab 19.08

APIS6-8Y 1769.12 2265.11 7.65ab 11.12

1. This the sumple standard deviation.

2. An aindicates the mean is significantly different from O using the assumption of normality and the
t distribution at the 3% level of significance. Only the net returns are tested. A b indicates that the
numbcrs with the b are statistically different from each other using assumptions of normality, inde-
pendence between e populations, same variance and the t distribution at the 5% level of signifi-
cance. These tests should be used with care since there appears to be autocorrclation in the net
returns. Sce Appendix B for details on the autocorrelation and direction of bias in the tests.
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Table 33

Forecust Selective Investment Strategy And MSE
Feeder Cattle Or T-Bills

Without Hedging And Without NTSP

Yeur Net Revenue| Net Returns MSE
Mean Per Lot Mean

Decce. 1989 S % Annual| Net Returns

1980-8v1 3362.61 9.20 743.8

1USO-NMarS6 3979.37 11.40 1192.8

APri19s6-89 2334.68 5.53 5.5

1. The MSE for the cattle investment which occurs 44 times is 2058.3 with an actual real rate of

return of 11.2%. Other sclective investment strategies have very similar patterns and numbers of
cattle investment.

Table 34
Forecast Selective Investment Strategy And MSE

Feeder Cattle Or T-Bills
Without Hedging And With NTSP

Yeur

Net Revenue
Mean Per Lot
Dee. 1989 S

Mcan Per Lot

Net Returns

% Annual

Net Returns

MSE

1980-80 3405.75 9.44 770.1

TOS0-MursS6 3979.37 11.40 1192.8

Aprivse-s9 2449.71 6.16 76.8
Table 35

Forecast Selective Investment Strategy And MSE
Feeder Cattle Or T-Bills
With lledging And Without NTSP

Yeur Ne¢t Revenue Net Returns MSE
Mcan Per Lot Mcan
Dece. 1989 S| Real 95 Annual} Net Returns
19R0-89 2396.20 3.89 165.5
1UR0-Mars6 3048.38 10.95 239.9
Aprl*).\'(i-(\“) 13()9.22 5.46 44.2
Table 36

Forecast Seiective Investment Strategy And MSE
Feeder Cattie Or T-Bills
With Hedging And With NTSP

Yeur Net Revenue Net Returns MSE
Mecan Per Lot Mcean

Dee. 1989 §1 Real % Annual| Net Returns

1OS0)-8Y 2448.52 9.11 179.2

1980-NMarso 3048.38 10.95 239.9

Aprius6-89 1448.76 6.05 81.1
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The net returns for the selective investment in feeder caitle or T-Bills are greater ihan for any
other strategy. The standard deviation of these net returns are lower than tor the other comparable
invesiment strategies. The selective straiegics in general increase mean income over the base simu-
lation with 1009 hedging and with NTSP.

The number of times the investor feeds cattle or purchases T-Bills in sclective investment strat-
cgy is in Appendix E. The majority of the investment in feeder cattle occurs in the period 1980 to
1986. Scveral years may pass with very little investment in feeder cattle. This is a drawback 1o the
sclective investment strategy. The cattle investor may not be able to selectively invest in catile in one
period and then not invest in cattle for several consecutive periods. The custom feedlot may prefer
more regular investment in cattle to maintain the feedlot at minimum cattle numbers.

The sclective hedging strategies and the selective investment strategy increase net returns. The
sclective investment in teeder cattle or T-Bills has the highest returns when compared to other strate-
gics. More discussion on these strategies and the MSE is deferred until the next section on risk mea-
surement. This completes the description of the different investment strategies in this research.

5.8 Analysis of Net Returns and Risk Measures

The MSE and the CAPM are the main risk measures described in Chapier 3. The MSE risk
mcasure was reported in the previous seetion but very few comments were made onit. The MSE is
analyzed in this section. The net returns of the different investment strategics are compared. The
fourteen strategies are cormpared using the mean-variance efficiency criteria. The CAPM beta risk
mcasurc is calculated using the net returns and the TSE 300 and reported.

The square root MSE on cattle returns are reported in Table 37. The square root MSE is the
comparable measure to the standard deviation. The root MSE of feeding cattle with no NTSP and no
hedging are compared o participation in NTSP and 100% hedging for 1980 to 1989. The cattle feed-
ing risk for the investor is reduced slightly by joining the NTSP. Root MSE drops by about 2% when
the investor participates in NTSP. The 2% is calculated using the numbers (36.55-35.656)/36.55 from
the top line of Table 37. The root MSE of no NTSP, no hedging is reduced 48%. by 100% hedging.
The sclective hedge strategies and the optimal hedge strategy also reduce risk. The optimal hedge
reduces the root MSE of no NTSP, no hedging by 44%. Selective hedging using the T-Bill rule
reduces the root MSE of no NTSP, no hedging by 29%. The selective investment in cattle or T-Bill
reduccs the risk the most. The root MSE for no NTSP, no hedging drops by 27%% with sclective
investment with no NTSP, no hedging. This root MSE changes by 63% with the selective invesument
with NTSP and hedging versus no hedging and no NTSP.

The square root MSE risk comparisons are shown in Figures 8,9 and 10. The selective invest-
ment strategics in feeder cattle or T-Bills combined with hedging, strategics 13 and 14 in Figure 8,
have the smaliest risk over the period 1980 o 1989. These same strategices in Figure 10 have smaller
root MSEs since the majority of the investments for April 1986 1o 1989 arc in T-Bills.
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Table 37

Root Mean Sguare Error Of Cattle Investment Strategies
Time Perod & No Hedging No Hedgin Hedgin Hed%fgg
Strategics No NTSP With N%’Sg No NTS With N
10K3%0, idedge
1086)-89 36.55 35.66 18.88 18.41
30-MarSh 39.53 39.53 18.59 18.59
ApISH-8Y 31.37 28.47 19.56 18.32
Optimal
Hedge
JYS-89 20.44 19.50
SO-AMarso 20.58 20.58
APISn-8Y 20.44 18.07
Sclective
Hedge 577
[9N0-8Y 25.33 24.00
SO-MUrSo6 23.20 23.20
APri6-8Y 28.80 25.53

Sclecine

HodeeT-Bild

LOSO-NY 26.00 24.90
NO-NLeSO 234.56 24.56
APISG-RY 28.51 25.73
selective

[nvestment

posg.sol 27.27 27.75 12.86 13.39
NO-Narso 34.54 3454 15.49 15.49
APISO-RY 2.35 8.76 6.65 9.01

1. The root MSE for the catile investment only, (44 feeding periods) with no NTSP and no hedging is
15.4. Other scenarios in this selective investment strategy have very similar cattle feeding invest-
ments.,
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Figure 8
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1. Base Model - No Hedging, No NTSP.
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4. 100% Hedging, With NTSP.

5. Optimal Hedging, NO NTSP.

6. Optimal Hedping, With NTSP.

7. 3% Selective Hedge, No NTSP.

8. 5% Selective Hedge, With NTSP.

. T-Bill Selective Hedge, No NTSP.

10. T-Bill Selective Hedge, With NTSP.

11. Sclective Investment - Steers or T-Bills, No NTSP.

12. Selective Investment - Steers or T-Bills, With NTSP.

13. Selective Investment - Steers or T-Bifls, With Hedging, No NTSP.
14. Selective Investment - Steers or T-Bills, With Hedging, With NTSP.
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The s hedging with NTSP, strategy 2, tor April 1986 10 1989 in Figure 10 reduces risk slightly
over the base model of no hedging and no NTSP, strategy 1. The optimal hedge strategies S and 6 in
Figure 8 reduce risk almost as much as the 1009z hedge strategies 3 and 4. The selective hedging
strategics 7. 8,9 and 10 in Figure 9 reduce risk for the period 1980 1o March 1986 compared to the
base strategies 1 and 2. The selective hedge strategies are less effective in reducing risk for April 1986
10 1989 when relatively fewer hedges are placed. Participation in the NTSP doces not appear to reduce
the effectiveness of hedging as a risk management strategy.

Selected MSEs on net returns are tested for significant differences using the test of Ashley et ul
(1980) to help determine the superior risk strategics. The alternative MSEs in Tubles 9 and 10 using
the forecast from the mean of net returns are not tested. The test deseription and detailed test results
arc in Appendix F. Some general conclusions on these tests follow.

The MSE error of participating in the NTSP is not significantly different from no NTSP.

The 10077 hedee strategy MSE is significantly smaller than no hedging.

The sclective hedge and selective investment strategies MSEs are significantly smaller than the
no hedging strategics.

The 10042 hedge strategy MSE is smaller than the selective hedge stratepy.
The optimal hedge strategy MSE is smaller than the seiective hedge strategy.

The sclective investment strategy MSE is smaller than the optimat hedge or sclective hedge
strategies.

These tests of significance confirm what the graphs on root MSE show. The exception to this is
the optimal hedge versus the 1009 hedge. This test suggests that the optimal hedge MSE is smaller
despite the fact that the MSE for the 100% hedge in absolute terms is smuller. 33

This leads the discussion back to several hypotheses stated in Chapter 3. The NTSP has slightly
reduced cattle feeding risk in Alberta however this reduction in risk is not significant. Therefore this
may lead o the rejection of the hypothesis in section 3.2 that the NTSP has reduced cattle feceding
risk. The hypothesis in section 3.3.3 that the 100%% hedge strategy reduces risk over the no hedging
strategy is not rejected. The hypothesis in section 3.3.5 that the optimal hedge strategy reduces risk
over the no hedging strategy is not rejected.

The Alberta cattle feeder investor can reduce risk slightly by participating in a public program,
the NTSP, although this risk reduction may not be significant. A different net returns forecast such as
the mean of historical net returns MSE shown in Tables 9 and 10 may lead to a different conclusion.
The Alberta cattle investor can significantly reduce risk by hedging. The optimal hedge results sug-
gest that 1009 hedging of heavy feeders is not required to get most of the benefits o7 risk reduction by
hedging. Hedging about 60% of the feeder cattle gives similar reductions in risk. Sclective hedging
strategics lead to variable results in risk reduction depending on the time period and whether the
strategy gives any hedge signals. The selective investment strategy in feeder cattle or T-Bills reduces
risk however it may not be a viabie option since it appears to favour one investment or the other

investment for reveral years at a time. Cattle are fed only about 387 of the time with sclective invest-

35 Sce Appendix F for a complete explanation on this result. The likely reason for this apparent con-
tradiction is the way the MSE test is set up combined with the correction for autocorrelation.,
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ment strategies and most of the catile feeding occurred in 1980 10 1986. Another problem win the
selective investment strategy is the difficulty in forecasting NTSP pay outs. The forecast oficn
indicates not 1o feed but the final result with NTSP is that the cattle investor should have fed catle.

The net returns and the forecast net returns for the fourteen different strategics are compared
in Figures 11, 12 and 13. The highest net returns in Figure 11 occur with the selective hedging and
cclective investment strategies over the period 1980 to 1989. Forecast net retuins tend to underesti-
mate the wetugl returns for the period 1980 to 1989 for most of the investment strategies. The fore-
casts e more accurate during 1980 to March 1986. The NTSP forecasts are not accurate and the
period April 1986 10 1989 has relatively inaccurate net returns forecasts. All strategies have positive
net returns for the period 1980 10 March 1986, Only the selective investment strategics and some of
the strategics with NTSP have positive net returns for the period April 1986 to 1989.
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Figure 12
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The discussion on the root MSE of net returns only evaluated the risk of ditferent sirategics,
The returns of the strategies must also be considered by the investor. Risk and net returns are
combined to evaluate the investment strategies. The following comparisons in Figures 14, 13 aad 16
us¢ the mean-variance risk efficiency criterion (with the variance replaced by the root MSE)
explained in Chapter 3.1.1. This runks the different strategies using both net returns and risk. The
dotted lines intersecting at the point marked by 1 are the lines on the base strategy of no NTSP, no
hedging. The dotted lines divide the graph into 4 quadrants. Strategices in quadrant [ dominate the
base simulation. Strategies in IV are dominated by the base strategy. Strategices in quadrants 1l and
[T do not dominate the base strategy and are not dominated by the base strategy. The choice of any
particular strategy in quadrants Il and 1Y over the base strategy depends on an individual’s level of
risk aversion and their utility function.



82

Figure 14
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All strategy combinations in Figure 14 for the period 1980 to 1989 dominate the base model of
no hedging and no NTSP (strategy 1) except for 100% hedging with no NTSP strategy 3 #nd optimal
hedging with no NTSP strategy 5. Strategies 3 and 5 are in quadrant IHl. These two strategies have
fower risk than strategy 1 but they also have lower returns. A risk averse individual may or may not
prefer strategies 3 or 5 in quadrant H1 over strategy 1.

Figures 14, 15 and 16 compare the different strategies to each other. For example, the selective
investment strategics 13 and 14 in Figure 14 dominate ali the other strategies36. Any strategies that
are 10 the left nd above another strategy dominates that strategy. The strategies with NTSP usually
dominate the strategies with no NTSP in Figure 16 for the period April 1986 to 1989. The hedging
strategics reduce risk over the base model of no hedging in all strategies. The hedging strategics do
not always dominate the no hedge strategy.

This brings up the question, is it worth while to use the 100% or the optimal hedge strategies?
Figure 3 in Chapter 2 shows there was a major upward trend in nominal slaughter prices over the
period 1977 10 1979, All hedging rescarch that used this period (Caldwell (1982), Carter and Loyns
(1985), Gaston and Martin (1984), Gillis et al. (1989)) reported that the hedge and hold strategies for
skaughter cattle performed poorly. Most hedges (selling contracts) placed during this time period will
lose money on the futures market and some of these hedges could lose very large amounts of
money>7. The cost of 100% hedging over 10 years, 1980 to 1989, drops the net returns on cattle fecd-
ing by about 145 which is not a high cost. The years 1986 to 1989 in Figurc 3 show a another possible
rising trend in nominal slaughter prices. This period also shows larger losses from futures hedging
transactions3S. The successful 100% hedge strategy requires financial resources and a long term com-
mitment that will span both the up trends and the down trends in price. Over an extended time
period the cost of the strategy is not high. Shorter time periods of threc to four years may show high
costs or high returns o this strategy. Some cattle investors may not be willing 1c endure several vears
of losses on the tutures market following a 100% hedge strategy. The selective nedging strategics are
an alternative which increase income but do not reduce risk as much as the 100% hedge strategy.

The CAPM beta's for each of the investment strategies are calculated and reported in Tables 38
10 43. The CAPM compares the cattle feeding investment to the market portfolio. The TSE 300 is
used as the market portfolio for reasons explained in Chapter 3. Appendix G cxplains the calculation
of the real TSE 300 returns to match the cattle returns calculation used in the research. The beta
calculation uscs cquation 6 in chapter 3. The CAPM investment beta’s for most of the cattle feeding
period 1980 1o 1989 are under 0.2039. This is different from Coles (1989) beta of 0.64 for cattle feed-
ing in Alberta for the period 1973 10 1985. Brown (1989) reported a beta of -0.182 for cattle fecding

36 The sclective investment in cattle caly (44 lots) is not included in the graphs. The selective invest-
ment in cattle with no hedging and no NTSP has net returns of 11.2% and root MSE of 45.4. This
would put this strategy in quadrant 1 in Figure 14.

37 Hedge results for 1976 10 1979 are in Appendix C.
AR See Appendix C.

39 Beta is not tested for significance since there is autocorrelation in the estimating cquation. Itis
the author’s opinion that these Beta's are probably not much different from 0.



-
o]
th

in Saskatchewan for the period 1971 to 1987 which may be closer 1o the betas calculated in this study.
The period 1976 1o 1979 has a Beta of 1.00. The results of Coles (1989), Brown (1989) and this study
may indicate that the value of any beta from the CAPM is dependent on the time period used in the
calculation.

The systematic and the non systematic portion of the MSE risk is calculated using cquations 7
and 8 in Chapter 3 and results are reported in Tables 38 to 43. The majority of the risk in these strat-
cgics is noein systematic because the correlations between the net returns on cattle feeding and the TSE
300 are close 1o .

Table 38

Net Returns, CAPM Betas, Root MSE, Systematic Risk and Non Systematic Risk
Base Models - No Hedging

Strat. & Net Beta Corrl Root Sys. Non
Datc Returns MSE Risk Sys.
Fo Risk

No NTSP

76-89 6.02 0.111 0.093 -- -- --
76-79 19.69 1.000 0.358 -- -- --
S0-89 .89 0.018 0.022 36.55 0.8() 35.75
80-Murd6 4.39 -0.023 -0.029 39,53 -1.15 40.68
Apr86-89 -1.94 n161 0.201 31.37 6.31 25.06
NTSP

76-89 S.01 0.099 0.084 -- -- --
76-79 19.69 1.000 0.358 - -- -
80-89 363 0.0037 0.005 35.66 0.18 3548
SO-MursS6 1.39 -0.023 -0.029 39.53 -1.15 40).68
Apri6-89 2.37 0.102 0.139 28.47 3.96 24.51
I. This is the correlation between the cattle net returns and the TSE 300 net returns.

Table 39
Net Returns, CAPM Betas, Root MSE, Systematic Risk and Non Systematic Risk
100% Hedging
St Net Beta corr Root Sys. Non
Date Returns MSE Risk Sys.
o Risk

No NTSP

80-89 -0.15 0.130 0.219 18.88 4.13 14.75
S0-MurS6 6.54 0.123 0.228 18.59 4.24 14.35
Apr86-89 -11.30 0.133 0.214 19.56 4.19 15.38
NTSP

30-89 2.66 0.117 0.202 18.41 3.72 14.69
S0-Mar86 6.54 0.123 0.228 18.59 4.24 14.35
Apr86-89 -3.82 0.079 0.122 18.32 2.24 16.08




86

Table 40

Net Returns, CAPM Betas, Root MSE, Systematic Risk and Non Systematic Risk

Optimal Hedging

Strat. & Net Beta Corr Root Sys. Non
Date Returns MSE Risk Sys.
Yo Risk
No NTSP
80-89 -0.82 0.096 0.173 20.44 3.54 16.90
80-Mars6 4.62 0.079 0.153 20.58 3.15 17.43
APrs6-89 -9.89 0.142 0.242 20.44 4.95 15.49
NTSP
80-89 1.96 0.082 0.154 19.60 3.02 16.58
S0O-Murs6 4.62 0.079 0.153 20.58 3.15 17.43
Apr86-89 -2.46 0.086 0.151 18.07 2.73 1534
Table 41

Net Returns, CAPM Betas, Root MSE, Systematic Risk and Non Systematic Risk
5% Selective Hedgingl

—

Strat. & Net Beta Corr Root Sys Non
Date Returns MSE Risk Sys.
% Risk
No NTSP
80-89 3.66 0.149 0.240 2533 6.08 19.25
SO-Mar86 9.4) 0.127 0.232 23.20 5.38 17.82
Aprs6-89 -3.90 0.210 0.283 28.80 8.15 20.65
NTSP
80-89 6.63 0.133 0.232 24.00 5.57 18.43
S80-MarsS6 9.40 0.127 0.232 23.20 5.08 17.82
Apr86-89 2.02 0.146 0.2259 25.53 5.85 19.68

1. The sclective hedge with NTSP had 13 one month hedges, 13 iwo month hedges and S0 three

month hedges. 75% of the hedges (57 hedges) are placed from 1980 to March 1986. Other selective

hedge strategics have simijor hedging numbers,

Table 42

Net Returns, CAPM Betas, Root MSE, Systematic Risk and Non Systematic Risk
T-Bill Selective Hedging

Strat. & Net Beta Corr Root Svs Non
Date Returns MSE Risk Sys.
o Risk
No NTSP
N0-89 3.38 0.127 0.202 26.00 5.25 20.75
SO-Marso 9.97 0.109 0.193 24.56 4.74 19.82
APr6.gY -7.60 0.174 0.243 .28.51 6.93 21.58
NTSP
S0-89 6.37 0.114 0.194 24.90 4.83 20.07
SO-MarS86 9.97 0.107 0.193 24.56 4.74 19.82
APprS6-89 0.26 0.122 0.191 25.73 4.91 20.82
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Table 43
Net Returns, CAPM Betas, Root MSE, Systematic Risk and Non Systematic Risk
Selective Investment in Feeder Cattle or T-Bills

Strat. & Net Bela Corr Root Svs. Non

Date Rcturns MSE Risk Sys.
% Risk

No Hedge

No NTSP

80-89 ) 7.26 -0.021 -0.033 27.27 -.90 28.17

80-Mar86 7.97 -0.031 -{1.044 34.54 -1.52 36.06

Apr86-89 6.09 0.015 0.085 2.35 .20 215

No Hedge

NTSP

30-89 7.80 EEE -0.035 27.75 -0.97 28.72

80-MarS86 7.97 R -0.044 34.54 -1.52 36.06

Apr86-89 7.52 [EE 1.020 8.76 0.17 8.58

Hedge

No NTSP

80-89 10.40 (74 0.194 12.86 249 10.37

30-MarS6 13.61 (083 221 15.49 342 12.07

AprS6-89 5.04 $.011 0.047 6.65 0.31 6.34

Hedge

NTSP )

30)-89 11.37 0.078 0.200 13.39 2.68 10.71

80-Mur86 13.61 0.087 0.221 15.49 3.42 12.07

Apr86-89 7.65 0.035 0.101 9.01 0.91 8.10

1. Callle are fed 435 times in the selective investment with hedging and NTSP. 89% of the cattle
feeding (40 lots) is during 1980 to March 1986. The other strategies have similar results.

The CAPM Betas are compared in Figures 17, 18 and 19. These graphs show low Betas for the
period 1980 10 1989. The CAPM betas and the non systematic risk measures show that cattle inves-
1ors in heavy feeders can diversify most of their risk by investing in the TSE. The cattle investment is
not closely linked to the parts of the economy that affect risk in the TSE 300. This would agree with
results commented on by Hirshleifer (1988) that returns in stocks and commaditics have low negative
correlations. ’



Figure 17
A Ty A — R e -
AN Y — =7 o=t < — !
— i [V Y o i H — 4\_) [ t i

Q05

11 2t 31 41 S5t 61 71 831 @1 101 1.1 121 131 14
Strategy

Strategy Legend

. Base Model - No Hedging, No NTSP.

Base Model - No Hedging, With NTSP.

100% Hedging, No NTSP.

100% Hedging, With NTSP.

Optimal Hedging, NO NTSP.

Optimal Hedging, With NTSP.

5% Selective Hedge, No NTSP.

5% Selective Hedge, With NTSP.

T-Bill Selective Hedge, No NTSP.

10. T-Bill Selective Hedge, With NTSP.

11. Selective Investment - Steers or T-Bills, No NTSP.

12. Selective Investment - Steers or T-Bills, With NTSP.

13. Selective Investment - Steers or T-Bills, With Hedging, No NTSP.
14. Selective Investment - Steers or T-Bills, With Hedging, With NTSP.

‘°9°.\’.°\!J':‘“S"!\""

The decimals represent time period.

.1 = 1980 1o 1989.

.2 = 1980 10 March 1986 (NO NTSP).

3 = April 1986 10 1989 (NTSP Available).



89

Figure 18

—
\_

095

-005%

N

R

«

14

0

&

N

o

N

N

o

[}

S

N

=
>

o B

© U
-

al

T
i

8

L]

o

=]

™~

o

“

Le)

(&

N

o

o

Figure 19

e

RS

015

acs

63 73 &3 93 103 113 123 133 143
Strategy

53



90

This section compared the risk and returns of the different Alberta cattie feeding investment
strategies. The sclective investment strategies and the hedging strategies reduce the risk of cattle
feeding over no hedging and no participation in government programs. The hedging results in this
study conflict with prior Canadian research and this is investigated further in the next section. The
NTSP increases income and decreases risk slightly. Not all these strategies are preferred by a risk
averse investor when the mean-variance efficiency criterion is used. The beia from the CAPM sug-
gests that non agricultural inviestiors can reduce systematic risk by investing in heavy feeder sieers in
Alberta. Alternatively investors in heavy feeder cattle can reduce most of their risk by investing in the
TSE 300. Final comments on the use of these strategies by cattle investors are in Chapter 6.

5.9 Issues in Risk Measures and Other Research Conclusions

Chapter 3 reported conflicting results in the literature on the use of different risk management
strategics, especially the strategy using 100 % hedging. The MSE and the standard deviation from
this study are bricfly compared 10 determine if these lead to different conclusions.  Canadian studies
also concluded that basis is 160 variable to use hedging for managing risk. Currency exchange raie
risks were cited as reasons for variable basis. The hedging results in this study may contradict the con-
clusions of these studics. Hedging is a risk reducing strategy that can be used by Alberta cattle feeder
investors. One reason for this may be reduced basis risk. Exchange rate risk is & part of basis risk.
This scction further investigates hedging risk and compares the Alberta basis 10 the Omaha basis and
tests basis variability during the past 10 years. A less variable basis impiies less risk30, A comparison
of ecxchange rate risk is also included.

The main risk measure used in this study is the MSE of net returns. The rational investor uses
current as well as historical information to make investment decisions and measure risk. Standard
deviation is an alternative risk measure used by other studies (Caldwell ¢t al. (1982), Carter and
Loyns (1985)). It was suggested earlier that the conflicting risk results reported in the literature may
be from different risk measures. The MSE and the standard deviations risk measures are compared in
Figures 20, 21 and 22,

40 Recal! the results from the last section comparing the square root of MSE and standard deviations
of nct returns. The change in direction for standard deviations followed the same direction for MSE
risk measures for different strategies.
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Figure 20
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The MSE and standard deviation of net returns show similar changes in the directicn of risk for
the different investment strategies. The standard deviation would give similar rankings to the differ-
ent strategics as the MSE risk measure when cornbined with net returns in a mean-variance efficiency
criterion. The MSE is a better measure of risk for the reasons outlined in chapter 3. The standard
deviation consistently underestimates the amount of the change in risk. Better price forecasts and
NTSP pay out forccast would improve the MSE risk measure. The different results on the hedging
reported by Caldwell et al. (1980) and by Carter and Loyns (1985) are probably caused by different
time periods and different data. This study shows that different time periods give different answers
about the best price forecasting models, best invesument strategies or CAPM betas.

Alberta nearby basis is the difference between t:e Alberta slaughter cash price and the CME
live cattle futures contract adjusted to Canadian dollars. Basis variability is tested here. Figure 23 is
Alberta nearby basis in Jure 1981 doliars for the Wednesday of the third week of the months for 1976
to 1989. Figure 23 shows that Alberta basis is less variable in the period 1985 to 1989.

Figure 23

Nearby Live Cattle Basis — Alpertc
Real 1881 $ :
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-l:) T 1 ) Iy L L i 1. 1 (s 1 L i 1 1
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Jan. 1978 to Dec. 1989

The basis 1s for the Wednesday of the third week of the month

Sample means and sample standard deviations for basis for different time periods for Alberta
and Omaha are in Tables 44, 45 and 46. The time periods 1976 to 1980 and 1985 to 1989 are used to
compare two time periods of equal length. Thompson and Bond (1985) suggested that it is perceived
basis variance that is important when comparing a United States hedger to an offshore hedger. The
standard deviations for 1985 1o 1989 for Alberta basis and Omaha basis (in Canadian dollars) are 2.72
and 3.51 respectively. Omaha basis is not less variable than Alberta basis for this time period.
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Table 344
Alberta Nearby 8asis in real Canadian June {981 Dollars
Time Period | Mean| Std. Dev. Sample
1976-89 -3.73 3.64
1976-1979 -2.87 5.07
1976-1980 -3.11 4.85
1980)-1989 -4.07 2.383
1980-Mar. 86 | -1.68 3.01
1985-1989 -4.04 2.72
Apr. 86-89 -3.05 2.20

Table 45
Omaha Nearby Basis in real U.S. January 1982 Dollars

Time Period McunJ}ld. Dev. Sample

1976-89 -().933 2.87
1976-1979 -1.35 3.47
1976-1980 -1.42 3.2

[ON0- 1989 -0.79 238
1980-Mar. 86 | -1.06 2.57
1983-1989 -0.96 2.70
APr. 86-89 -().345 258

Table 46
Omaha Nearby Basis in reat 1982 Dollars Changed to Canadizn Dollars

Time Period MeunLSld. Dev. Sample
1976-89 -1.12 3.40
1976-1979 -1.41 3.72
1976- 1930 -1.52 3.55
[YRO-1989 -1.01 3.28
19S0-Mar. 86 | -1.36 3.27
1985-193Y -1.26 3.51
Apr. 36-89 041 3.23

The hypothesis in Chapter 3, section 3.3.4 that Alberta basis is less variable in the period 1985
10 1989 than 1976 10 1980 is tested. The test uses a null hypothesis that the variance for 1976 1o 1980
cquals the variance for 1985 10 1989. The alternative hypothesis is that the variance for 1976 to 1980
is greater. The F statistic is 3.18 for the ratio of the variances. At the 5% level of significance the null
hypothesis is rejected. Alberta basis is less variable for the period 1985 to 1989. The same test for
Omaha (in U.S. dollars) has an F statistic of 1.48. At the 5% level of significance the null hypothesis
is not rejected. These tests suggests the Alberta basis is less variable now than 10 years ago and the
Omaha basis is not less variable now than 10 years ago41. The Alberta basis may be less variable
because of increased cattle exports and because the exchange rate is less variable.

41 The Alberta and Omaha basis have autocorrelation. Correcting for the autocorrelation does not
change the conclusions of the F test. This is explained in Appendix [
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The exchange rate is not formatily tested, howswer the standard deviation of the exchange rate
for the period 1976 10 1981 is 6.5 and for the period 1986 to 1989 it is 5.0. The exchange rate risk
component in the MSE of net returns may not be that large. A simple test is to replace the forecast
exchange rate in the slaughter price forecasts in equation 33 with the actual exchange rate that will
oceur. The investor has perfect knowledge of exchange rates. Compare the MSE with the forecast
exchange rute to the MSE with the perfect knowledge exchange rate. This shows the change in total
risk from exchange rates. The MSE on net returns with no hedging and no NTSP for 1980 to 1989
with perfect knowledge of exchange rates is 1292.7. The MSE on net returns tor the same sirategy in
Table 9 using 4 forecast exchange rate is 1335.7. Risk drops marginally when exchange rate risk on
the forecast price is removed. Exchange rate risk is this comparison is small.

Albserta basis variability is compared to Omaha basis variability to answer the question are
Alberta cattle investors at a disadvantage in using the CME for risk management? It has been an
implicit assumption of some Canadian studies that United States cattle investors are better able 12
use the futures market. The Alberta basis and the Omaha basis are not independent since they are
hoth caleulated from the same futures contract and the market for cattle is a North American market.
A standard F test to compare the variances is not appropriate. Itis the unpredictable portion of basis
that is relevant to the cattle investor. Therefore, test the basis MSE between two similar forecast
models for Alberta basis and Omaha basis using the test of Ashley ct al. (1980) explained in Appendix
7. Usc this test as a proxy for comparing the variances.

The test proceeds as follows. The null hypothesis is that the unpredictable portion of Alberta
hasis and the Omaha basis are the same for 1980 to 1989. The Alberta basis (already in real 1981 S)is
converted 1o U.S. dollars so the MSE have the same measure. It is the relative basis variability that is
important. The foreeast model used for both Alberta basis and Omaha basis is the historical average
updated cach month and used as the three month ahead basis forecast?2. The alternate hypothesis is
the Omaha basis has lower MSE than the Alberta basis. The null hypothesis is not rejected if the
coctlicients are bo-h positive and not significantly different from 0 or neither coelficient is signili-
cantly positive. T ne results after adjusting for first order autocorrelation using ML arc in Table 47.
The last coetficient, auto, is the estimated autocorrelation coefficient.

Table 47
MSE Test Between Alberta Basis and Omaha Basis

Var Cocf‘ Std. Error[ T-Ralio[ P-Valuce
const. 0.21 0.60 0.36 0.72
Xt -0.63 0.15 -3.13 0.(X)
dUto (.37 0.08 4.38 0.00

OLS DW=1.24 Chi-Squared=17.2 P-Value Chi=0.00
Mean Prediction Errors AB Basis = -0.47( US $), Omaha Basis=0.19
(Alberta basis error vector multiplied by -1)

42 Sce Appendix | for further information on Omaha basis, and Omaha slaughter steer price fore-
casts. The basis average forecast model is chosen since it is calculated the same way in both locations,
it is neither the worst nor the best basis forecast, and it is easy (o calculate.
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The test results are mixed. The constant is positive and not significant at the 377 level, The N
coctlicient is negative and significant. The asymptotic Chi-Squared test for the coelficients cqual 1o
zero cannot be used in the Ashley et al. (1930) test because of the opposite signs on the coetficients .
The cocfficicnts are not significantly positive so do not reject the hypothesis that the two MSE for the
basis are the same. The conclusion is that the mean square error of the basis for Omaha is not
sinaller than the basis for Adberta. The 3 month basis forecast risk using the basis average forecast
model during the period 1930 10 1989 was not greater for Alberta investors. This test indirectly
rejects the hypothesis in Chapter 3, section 3.3.4, that Alberia live cattle basis is more variable than
the Omauha live cattle basis. The Ashley et al. (1980) test is weak and should be interpreted with cau-
tion.

Alberta basis variability has decreased during the past 10 years and Alberta basis is not more
unpredictable than the Omaha basis. Alberta basis contains an exchange rate component that Omaha
hasis doces not have. The exchange rate may not be a major factor in basis movement and in slaughter
price variability in Alberta for 1980 to 1989 aithough this conclusions necds much more rescarch
before placing bigh confidence in it.#3 The use of MSE and standard deviations as risk measures
should fend oy 9z same qualitative conclusions. This again suggests that the different risk findings of
oo stedese 2o related 1o data and time periods studied.

3.10 Sumniary

This chapter reviewed the historical simulation and analysis of different cattle feeding manage-
ment strategies. Dilferent slaughter price [orecasting models were compared as part ot the gathering
information risk management strategy. The CME live cattle futures contract and a basis forecust
modcl were chosen for the simulation. Two efficiency tests did not reject the hypothesis that the
CME live cattle futures contract is efficient. The futures market should be a good price forecast
modcl and the variance minimizing hedge ratio is the optimal hedge ratio. Different investment strat-
cgies were compared. The selective hedging strategies and the selective investment strategies reduced
the cattle feeding risk and increased returns. The 100% hedging strategics and the optimal hedging
strategics lowered risk but they may have also lowered net returns. Participation in the government
program, NTSP, increased income and reduced risk but the risk reduction was insignificant. The risk
averse investor may choose different investment strategies for different time periods hased on a mean-
variance cfficiency criterion. Alberta basis, a part of hedge risk and price forecast risk, is fess variable
now than ten years ago. Further comments regarding this study on cattle feeding risk in Alberta are
in the next chapter.

43 Here is more supporting evidence on exchange rates and basis for 1980 to 1989. The corrciation
bewween the Alberta slaughter steer price (in Cdn S) and the CME nearby live catile futures contrict
(in U.S..S) is 0.91. When the futures price is converted to Cdn. $ this correlation is 0.96. The Omaha
slaughter steer price has a correlation of 0.94 with the nearby futures contract. The correlation of the
Alberta nearby basis (in Cdn S) with the Omaha basis (in Cdn $) is 0.52. The correlation of the
Alberta basis with the exchange rate is 0.14. The Omaha slaughter price (in U.S. §) correlation with
the exchange rate, 0.69, is greater than the Alberta slaughter price (in Cdn S) correfation, .43, Thesce
data series are adjusted with the appropriate Canadian CPlor U.S. GNP.
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Chapter 6 Conclusions

Chapter 1 listed nine objectives for this research. This concluding chapter reviews these objec-
tives and the results presented in Chapters 2 through 5. This is followed with a discussion of the uses
for these results, their limitations and possible further research.

The literature review identified some of the major sources of risk in investing in heavy feeder
steers in Alberta. Slaughter steer price was identified as the major source of risk in finishing hcavy
feeder steers after the feeder purchase decision is made. Slaughter price risk was the main rescarch
focus,

Re:alized net returns from cattle feeding were measured and compared to forecast net returns.
Several different strategics or combinations of strategies were measured. Selective investment straie-
vies had the highest returns. The selective investment and the 100% hedging strategies had the lowest
risk. This objective of measuring risk is ticd quite closely to other objectives discussed later.

Beef cattle investments were compared 10 alternative investments using the CAPM. The cattle
investment had low systematic risk for the period 1980 to 1989. There was a low correlation between
the returns on finishing heavy fecders and the TSE 300. A large portion of risk in cattle feeding can
he diversificd by investment in the TSE 300. This conclusion may be time period dependent since
other studies, such as Coles (1989), show the cattle investment with higher systematic risk.

Dilferent slaughter steer price forecasting modeis were compared as part of the information
sathering risk management strategy. This research did not reject the hypothesis that the CME live
cattle futures contract adjusted for basis is an unbiased forecast of Alberta slaughter prices. Other
maodels, such as cconometric models, ARIMA cash price models and lagged cash prices did not fore-
cast better than the futures price for the period 1980 to 1989. Over different time periods, different
forccasting models perform better than other models.

The Alberta live cattle nearby basis is less variable now than it was ten ycars ago. This shoulid
improve risk reduction from hedging and price forecasting using the futures market. [ncreascd catile
exports to the United States and lower exchange rate variability were proposed as possible reasons for
less busis risk in 1986 10 1989. The Alberta basis is not more variable than the basis a1 Omaha and
Alberta investors and Omaha investors have the same relative basis risk. Alberta basis is not 100 vari-
able 1o use the CME live cattle futures contract in risk management strategics and this conclusion is
difterent from the conclusions of ether Canadian studies.

Other studices used different measures. The MSE and the standard deviation risk measures
indicated different amounts of risk, but in general showed the same change in risk for dilferent strate-
gies. The conflicting results in other studies using standard deviations 10 measure risk may bc more
related to the time period and the data used.

The National Tripartite Stabilization Program was included in the investment strategics. The
NTSP increased net returns over not participating in the program. Risk, as measured by MSE, was
reduced slightly with NTSP. The forecasting of NTSP caused difficulties. Improved forecasts would
increase the risk reduction of NTSP for the Alberia cattle investor. The risk averse and the risk ncu-
tral cattle investor benefited from participation in the NTSP.
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Hedging using the CME live cattle futures market was included with several investment strate-
eics. The 100% hedge and hold strategies significantly reduced risk and reduced annualized net
returns slightly. Itis not possible to state whether a risk averse person prefers this strategy to not
hedging., Most of the risk reduction from hedging can be obtained by optimally hedging about 60 (0
70%% of the catile on feed. The lowg term cost of hedging excluding brokers fees should be close 1o 0
since the CME live cattle futures market is unbiased. There may be periods of several years where
hedge profits are positive or ncgative. Therefore over a short time period, the hedging strategy may
appear to be increasing income or decreasing income and this may be unattractive to some cattle
investors. The hedging conclusions from Freeze et al. (1990) and other researchers may not apply in
different time periods or over longer time periods.

Sclective investment strategies were compared. These included hedging if a target profit was
forccast and investing in T-Bills if the forecast return on cattle feeding was less than the T-Bill rate of
return. These strategies reduce risk. The net returns to these selective strategies are higher than the
simple cattle investment. These strategies may give signals that for several years lead o little use ot
hedging or very little investment in feeder cattle. The forecasts tended to underestimate returns,
especially with NTSP. [t may not be possible to selectively invest in cattle for a time period and then
not invest in cattle for : long time period. This makes these selective strategies less usclul.

The Alberta investor in heavy feeder steers can use the research results in the [ollowing way.
The three month price forecasting can be done using the CME futures market adjusted with an
Alberia basis torecast. The basis forecast can be an ARIMA model but other basis estimates such as
short term rolling averages may be suitable. Different models may be better price forecasters tor dit-
ferent lengths of time and for different time periods. One price forecast should not be used exclu-
sively for long periods of time and should be continually tested against competing models.

Participation in the NTSP, a public risk management program, from 1986 to 1989 benefited the
risk neutral and risk averse cattie investor. Catile investors could improve risk management with bet-
ter forecasts of NTSP pay outs. The effcct of the NTSP on feeder cattle prices or supply responses by
cattle feeders were not studied.

Hedging, a private risk management strategy, reduces risk . Only a portion of the value of the
cattle needs to be hedged 1o get most of the benefit of risk reduction. A hedge and hold strategy is
expected to provide zero profits over the long run. Selective hedging when a forecast target profit can
be locked in reduces risk and increases income. There may be several years where this strategy of
sclective hedging is used very litde. Individual investors have 1o evaluate their fevel of risk aversion in
choosing these strategies. The Alberta cattle investor does not appear to be at a disadvantage relative
to an investor at Omaha in terms of using the CME futures market for risk management.

Onc limitation in this study is the production function which purchases heavy feeder steers
cach month and assumes zero production risk. This limits the flexibility a cattle investor has in choos-
ing different types and sizes of cattle. The results may not apply to lighter feeder cattle where there
may be more production risk or where a cattle investor feeds cattle only during certain times of the
vear. The econometric price forecasting models are weak and could be improved upon. The tests for
significance on mean square error of Ashley et al. (1980) are weak and should be interpreted with
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caution. The level of net returns reported in this study should not be considered typical of any partic-
ular feedlot or cattle feeder. A change of only $0.01 1o S0.02 per b in costs or selling price would
make i big diffcrence in the actual level of net returns reported.
Future rescarch directions could include the following:
1. Do similar rescarch including different weights of cattle and types of cattle to extend the
results to other catde investors.,
2. Alberta basis could be compared to several locations in the United States to confirm or
reject the comparisons o Omaha done in this study. The factors that impact on basis risk could
be measured and tested. The optimal hedge calculations for these differeat locations could be
estimated and compared.
3. Alternative optimal hedge estimating models using ARCH or GARCH could be tested.
4. There is no information in the literature on the actual use of the futurcs market by cattle
investors. This information would be very useful in determining future research directions. It
could be used 1o test whether such factors as debt levels, length of feeding period and size of
cattle investment impact on the use of hedging or other alternatives such as options or forward
contracting. Thesc results could indirectly support or reject the investor’s perception regarding
bius in the futures market.
5. Slaughter price forecasts and NTSP forecasts could be improved. The ARIMA models fore-
casting basis might be improved by adding other information such as cattie slaughter and cattle
on feed numbers. Improved forecasting models and using different models in different periods
may reduce risk und make the selective hedging and selective investment strategies more useful.
The decision rules developed 1o change forecast models may help signal the price tread or level
of price risk in the market.
6. Add live cattle options to the risk management strategies.
This rescarch shows cattle investors in heavy feeders can reduce risk using different strategies.
Some of these strategies may not decrease income. Further research could extend these results to dif-

ferent classes of cattle.
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Appendix A Exact Parameters used in the Production Function

This appendix details the exact parameters used in the production function in the simulation
and how these numbers are adjusted by different price indexes to provide costs in each month. The
details of the production function especially in the area of the rates of gain and feed usage were
checkes with the Alberta Agriculture Beef Cattle Nutritionist#4. There were no major adjustments
rcquired in the parameters used by Coles (1989). The major parameter values used in the production
function follow.

Production _‘unction Parameters

Parameters Description -
adg=1.48; average daily gain in kg/head per day before shrink adjustmem43
Bamount=.835; barley in tonne of feeder ration based on Coles

bartran=6.5; 1988 barley transpcrtation cost/ tonne

bedeost=.04: bedding charge per head/day in 1987

bedding=.91; kg straw used per day per head

Broker=75.0 Brokers fee for hedging one contract in Dec. 1989 S

Buyer=3; buyers charge for feeders in 1988

deathlos=_(004; steer death loss rate from Coles

distance=285; km distance fecders trucked to feedlot

dressing=.57; dressing percentage for steers used from Coles

feedeon=7.46; feed conversion ratio based on 7.102 x 1.05 where the 7.102 comes for Coles

(1989) - increased this ratio to account for extra feed in winter

feedproc=11.05; 1984 feed processing COst per lonne

lotsize=100; number of 363+ kg (800+ Ib) feeder steers purchased each month
Provess=2.75; feedlot processing cost/head in June 1987

ration=1.082; factor 1o use to price ration using barley price

shrink=.04; selling shrink fob feedlot

treat=6.94; treatment cost per head in July 1978

truck=1.25: trucking of feeders S/km per loaded km in 1987

truckcap=-40; holding capacity of truck for heavy feeders

vardage=.135; fcedlot yardage charge per head per day in 1987

The adjustments to the parameters are explained. These adjusted production numbers are used
with the price numbers to develop the simulation production function for each time period.

Barley transportation costs to the feed lot are adjusted using two indexes. The petroleum index
times 0.33 and the motor vehicle maintenance index for Alberta times 0.67 adjust the barley
transportation cost for each month.

The feedlot yardage charge is adjusted by the supply and service index for Western Canada.
The feed processing charge is adjusted by the supply and service index for Western Canada.

The bedding cost charge is adjusted by the legume and grass production index for Western Can-
ada.

The trecatment cost per animal in the feedlot is adjusted with the supply and services index for
Western Canada.

The feedlot processing cost for incoming animals is adjusted using the supply and services index
for Western Canada.

The buyer charge for purchasing feeder cattle is adjusted using the supply and services index for
Western Canada.

44 Livestock Nutritionist. Barry Yaremcio. .
43 Daily rate of gain after allowing for 4% sale shrink FOB the feedlot is 1.25 kg (2.76 1b).
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The trucking of feeders to the feedlot is adjusted by two indexes. The indexes are the petro-
lcum index times 0.33 and the moving vehiclié maintenance index for Alberta times 0.67.

The brokers fee is adjusted by the CPL
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Appendix B Significance Tests On Net Returns

The statistical tests used to determine whether the means of net returns reported in Chapter 5
arc significantly different from zero requires further clarification. This appendix explains the test of
significance used on the means. The net returns are tested for a time trend.

The tests on the mean of net returns are done using the usual t test with the sample standard
deviation and sample mean. There is evidence that the data is not independent. The sample means
calculated in the net returns table can be viewed as coming from the linear model:

NetReturns =ait+

where:

ais the coefficient 1o be estimated and if OLS is used on the model this is

the usual sample mean,

i is a vector of ones and

juis the error term.

The variance calculazed using this model under OLS is the same as the usual sample variance
calculation. Putting the model in this form allows the testing of autocorrelation in the data46. The
Durbin Watson statistic can be calculated and the autocorrelation coefficient can be estinated. One
selected net returns serics is tested using this method for autocorrelation. This series is the net
returns for the period April 1976 to December 1989 with no hedging and no NTSP.

The OLS regression of this model yields the following resuijts:

OLS Of Net Returns Regressed On A Constant
No Hedging And No NTSP For 1976-1989

Vir Coef Std. Error T-Ratio] P-Value

Const, 6.02 3.57 1.68 0.09

The Durbin Watson is 0.51. However there are =+ tables for Durbin Wzison statistics for OLS
regressions on a constant. - An alternative test for the significance of the autocorrelation coefficient is
an asymptotic Wald test.  The autocorrelation coefficient is asymptotically normally distributed as:

— - 8] -

VT (p-p)~ N(O. 1-p%)

and the test statistic becomes
‘-)"[ a .

—— ~x*(1)

l - ‘) s
The T is the total number of observations. The estimate of the autocorrelation coefficient, o,

(1.74. uses an OLS regression of the residuals on the same residual lagged onge peitod. This estimator

46 1t should be remembered that in linear regression terms this may be a misspecified model with
missing independent terms that coantribute to possible bias. The test for autocorrelation may be pick-
ing up a misspeciticd model and not necessarily autocorrelation.



108

converges asymptotically to the Maximum Likelihood estimatos of the autocorrelation coetficient.
The Wald test statistic is 145 for the previous regression. This is sigaificantly different from zero at
the 5% level of significance.

The consequences of the autocorrelation (assuming the model is correct) is that the estimate of
the mean is unbiased and the estimate of the sample variance is biased47. This reduces the conti-
dence in any test of significance. This suggests two possible solutions to this problem. One solution
is to determine the direction of the bias. A second solution is to estimate the same linear model (net
returns regressed on a constant) using generalized least squares (GLS) that corrects for the autocor-
relation. Time limitations prevent doing GLS for all the net returns numbers in the net returns tab-
les. The GLS is done on the same selected return for the period 1976-1989 with no hedging and no
NTSP in Tuble 7. This gives some idea of the direction of the bias. The actual estimation is an
iterated Maximum Likelihood (ML) method equivalent to GLS. The results show:

Maximum Likelihood Estimaticn Of Mean Of Net Returns
No Hedging And No NTSP For 1976-1989
Adjusted For Autocorrelation

Var Coef| Sw. Error| T-Ratio| P-Value
Const. 6.48 8.90 0.73 0.47
auto 0.73 0.05 13.90 0.00

The estimate of the mean, 6.48, is weighted by the autoregressive structure of the estimated
variance. The ML estimate of 6.48 is slightiy greater than the OLS estimate of 6.02. The standard
deviation estimate using ML is 8.90 versus the OLS estimate of 3.57. The OLS significantly undcres-
timates the variance of the mean. The autocorrelation coetficient, 0.73, is significant and positive.

These results using ML adjusted for first order autocorreiation confirms the direction of bias
reported by Judge et al. (1985, p. 281-282) for a model with first Grder autocorrelation and only one
independent variable in the regression. The direction of bias of the OLS estimation of the variance in
this special rcgression48 is downward given the following conditiors. The autocorrclation coeflicient
is positive. The independent variable also follows an independent first order autoregressive process
and this autoregressive parameter is also posilive.49

The autocorrelation coefficient is positive and the autocorrelation coefficient of the constant is
assumed to be 1. The conclusion is that the sample standard deviation cstimates tor the means in the
nct returns wables underestimates the true standard deviations. The test 1o determine whether the
mean is different from zero arc biased towards rejection.

47 The observations are not independent. The assumption of independence is a crucial assumption in
the usual test of significance of sample means using the sample vanance.

48 The results on direction of bias are not generally applicable to other models.

49 The independent variable is constant in this case and can be considered 1o have an autoregressive
parumeter of 1. This particular case is not commented on by Judge et al. (1985).
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The direction of the bias in tests for differences between means of net returns is not clear. The
dircction of bias in the standard deviation of the difference between two means is downward if the two
means are independent. If the two means are not independent then the covariance term enters the
estimation of the standard deviationd0, The covariance term complicates the direction of the bias.
Onc possible solution might be to regress the differences between each observation of the two series
of numbers on a constant. OLS or more likely GLS can be used in this case. Again, this is not done
in this study.

The conclusion is Lo interpret these test with caution. Higher confidence can be placed in tests
that suggest that the mean of net returns is not different from 0 since the direction of bias is towards
the rejection of this hypothesis. The likely direction of bias in the tests between two means is toward
rejection of the null hypothesis if the covariance term is positive. Again this would lead to the rejec-
tion ol the hypothesis the means are the same when in fact the means are not significantly different.

The selected results of the net returns regressed on a time trend are shown in the following part
of this section. The two periods covered are the period April 1976 to December 1989 and January
1980 10 December 1989, The two situations examined are the net returns with no hedging and no
NTSP and net returns for no hedging and with NTSP. The net returns are regressed on a time trend.
Not surprisingly the OLS estimates show significant first order autocorrelation. The regressions are
estimated again using ML correcting for the autocorrelation.

None of the time trends are significant at the 5 % level using the reported P-value. This indi-
cates there is no linear time trend in the net returns.?1 This completes the discussion on the testing
of net returns for signiticant differences and for a time trend.

=0 Recall that variance of the difference between two variables X1, X2 is Var(X1-X2) = Var(X1) +
Var(X2) - 2xCovariance(X1.X2).

=1 The use of a time trend vector X'=1, 2, ..., T in the regression may not lead to valid statistical infer-
ence. A time trend such as X is a non stationary regressor. This violates the assumptions of the OLS
or GLS models that the probability limit of X*X/T or X'¥ ~'X/T converges to a constant where psi is a
positive definite weighting matrix of constants (Judge, (1985)). The estimates are still unbiased. The
actual asvmptotic distribution of the coefficients in the mode! are still normal but different from the
cstimates derived here. It seems that in practice (at least at this time) this problem is ignored. This
same comment also applies to the tests for trends in the basis, 2nd optimal hedge done eisewhere.
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Net Returns Time Trend
1980-1989 No Hedging and With NTSP

Var Cocf Std. Error T-Ratiol P-Value
const. 15.41 20.45 0.75 0.45
Trend -0.10 0.18 -0.57 .37
auto 0.65 0.07 9.16 0.00
1976-1989 No Hedging and With NTSP
Var Coef Std. Error T-Ratio P-Value
const. 19.24 16.51 1.16 0.25
trend -0.13 0.17 -0.77 0.44
auto u.72 0.05 13.28 0.00
1976-1989 No Hedging and No NTSP
Viar Cocfl Sud. Errorl T-Rzuio} P-Vilue
const. 21.94 16.75 1.31 0.19
trend -0.19 0.17 -1.07 .28
auto 0.72 0.05 13.47 0.00
1980-1989 No Hedging und No NTSP
Var Cocf[ Sid. Errorr T-Ru(iol P-Vilue
const. 23.32 21.15 1.1G .27
trend -1.20 0.19 -1.07 (.29
auto .67 0.07 9.82 0.00
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Appendix C Complete Hedge Results

This scction reports the results of simulated hedging (selling) of live cattle futures contracts
over different time periods. The 90 day hedge corresponds to the same period ar the production func-
tion used in this rescarch. The futures contracts are always closed one to two months prior to the
contract expiration month.

Alberta hedge profits are in real 1981 Canadian dollars per cwt of slaughter cattle sold. The
hedge involves selling live cattle futures contracts. No brokers fees or margin costs are included.
Brokers fees in 1981 Canadian dollars are approximately $0.12 per cwt. The approximate length of
time of cach hedge is from the Wednesday of the third week of the month to the Wednesday of the
third week of the month when the contract is purchased back. All hedges are closed by December
JURY. The dates used for counting a hedge in a time period are the dates the hedge position are
opened.

Some time periods may have hedge profits significantly different from zero. The t value at the
347 level of signiticance for 44 and 119 degrees of freedom are about 2.02 and 1.98 respectively.
FHowever the hedae profits also exhibit possible autocorrelation. The same autocorrelation analysis
and model used in Appendix B is used here. The hedge profits for the 90 day hedge length for 1976 to
§989 are regressed Gn a constant using OLS. The coefficient on the constant is -0.114. The estimated
autocorreiation coetficient is 0.63. The Wald test statistic is 109. This indicates that the autocorrela-
tion coctlicient is signiticant at the 3% level.

The estimates of sumple mean standard deviations are biased. Since the autocorrelation coeffi-
cientis positive and following the argument used in Appendix B, the sample mean standard deviation
is underestimated. The confidence in any test on whether thie means are different from zero is over
stated.

The means for two selected numbers from the Alberta hedge returns are estimated adjusting
for the first order autocorrelation. The 90 day hedge for the period April 1986 to 1989 ard the 180
day hedge for the period 1980 to March 1986 are estimated using the ML method. The weighted
meun wilcutation, the coefficient on the constant, is not significantly different from zero.
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Alberta Hedge Profits or Losses
Period Jan. 1976-19891

Hedge Mcan Std. Dev. Sid. Dev.
Length Sicwt Sample Mean t Statistic?
30 day -0.08 4.03 0.31 -0.24
6l day Li 5.26 0.41 -0.40
90 day U .23 0.49 -0.23
120 day 0.1 6.33 0.53 0.25
130 day (.24 7.22 0.57 .43
180 day 0.42 7.57 0.59 0.70
Period Jan. 1980-198Y
30 day 0.01 3.31 0.30 0.04
60 dav 0.10 $.57 0.42 0.24
90 day (.33 5.29 0.49 0.67
120 day 0.62 5.71 0.53 1.16
150 day 0.78 5.77 0.54 1.45
180 day 1.04 5.71 0.54 1.94
Period Jan. 1976-1979
30 day (.29 5.47 0.79 -0.37
o0 day -0.82 6.67 .96 (L85
90 day -1.19 8.05 1.16 -1.02
120 day -1.03 8.95 1.29 -0.79
150 day -1.05 9.82 1.42 -0.74
180 dav -1.06 10.70 1.54 -0.69
Period Jan. 1980-March 1986
A day (.37 369 0.43 .88
ol) day 0.70 5.13 0.59 1.18
90 dav 1.12 5.98 0.69 1.63
120 day 1.55 6.42 0.74 2.09
150 dav 1.76 6.45 0.74 2.36
180 day 2.04 6.43 ] 0.74 275
Period April 1986-1989
30 day -0.61 2.44 0.37 -1.64
ol day -0.95 3.17 0.48 -1.96
o) day -1.09 3.37 0.52 -2.10
120 day -L10 3.57 0.56 -1.97
1530 day -1.06 3.60) 0.57 -1.86
180 day -(1.90 3.26 0.52 -1.72

1. The time periods include the date of opening the hedge position by selling contracts. The number
of hedges in a time period decreases as the lergih of the hedge increases. All hedges are closed by
Dcecember 1989, Dollars are in June 1981 3.

2. T statistic is the test for the difference of the mean from 0.
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90 Day Alberta Hedge Mean Calculation
March 1986 to Sepiember 1989 Adjusted For Autocorrelation

Var Cucd Std. Error T-Ralio[ P-Value
const. -1.13 0.79 -1.43 0.16
auto .42 0.14 3.00 0.005
180 Day Alberta Hedge January 1980 to March 1986 Adjusted For Autocorrelation
Vaur Cocf Stud. Error L T-Ratio} P-Value
Const. 2.02 1.57 1.28 0.20
Aulo 0.65 0.09 7.44 0.00

The estimates using OLS, of sample mean variances in the hedging table are biased downward.
The conclusion is that the Alberta hedge profits for 1, 2, 3, 4, 5 and 6 months over the periods 1976 to

198Y are not significantly different from zero.

Omaha hedge profits are in real 1982 United States dollars per cwt. of slaughter cattle sold.
The hedge in this case is selling live cattle futures contracts. No brokers fees or margin costs are
included. The approximate length of time of each hedge is from the Wednesday of the third week
of the month 1o the Wednesday of the third week of the month when the contract is purchased
hack. Al hedges are closed by December 1989. The Omaha hedge profits are checked for autocor-
relation. The hedge profits are based on the same data as the Alberta data. Thercfore the data has
the same autocorrelation and this overstates the confidence in the t tests on the means of Omaha

hedge profits. The conclusion is that the CME live cattle contract is unbiased.
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Omaha Hedge Profits or Losses

Jan. 1982 U.S. Dollars

Hedge Std. Dev. Sud. Dev.
Length mean Sample Mean t Statistic!
30 day -0.08 3.54 0.27 -0.27
ol day -0.16 4.52 0.35 -0.46
90 day -0.12 5.36 0.42 -0.28
120 day 0.11 5.83 0.46 0.25
150 day 0.21 6.15 0.48 0.44
180 day 0.38 6.39 0.50 0.76
Pcriod Jan. 1980 to 1989
30 day -0.09 2.834 0.26 -0.33
o) day -0.10 3.95 0.36 -0.27
90 day 0.01 4.54 0.42 0.02
120 day 0.17 4.84 0.45 0.37
150 day 0.22 4.86 0.45 49
130 day 0.37 4.84 ().45 (.83
Pcriod Jan. 1976-1979
30 day -0.05 4.91 0.71 -0.07
6 day -0.32 5.72 0.33 -0.38
90 day -(0.42 7.03 1.01 -0.41
120 day -0.02 7.79 1.12 -0.02
150 day 0.20 8.55 1.23 0.16
180 day (.39 9.14 1.32 0.30
Period Jan. 1980-March 1986
30 day 0.32 3.11 0.36 0.88
60 day .60 4.32 0.50 1.20
90 day 0.96 4.93 0.57 1.69
120 day 1.32 5.19 0.60 2.20
150 day 1.50 5.14 0.59 2.53
130 day 1.78 5.07 0.59 3.05
Period April 1986-1989
30 day -0.77 2.17 0.33 -2.36
60 day -1.31 2.87 .44 -3.00
9 day -1.70 3.10 0.48 -3.54
120 day -1.94 3.22 0.50 -3.86
150) day -2.13 3.13 0.50 -4.41
180 day -2.34 2.88 0.46 -5.06

1. T statistic is the test for the difference of the mean from 0.
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Appendix D Forecasting NTSP Pay outs

The objective of this appendix is to predict NTSP pay outs under the second prediction method
mentioned in chapier 5, using the data collected for the simulation. The forecast is based on the pro-
gram description in chapter 2. This forecast is compared to the forecast using 3 times the producer
prcmium.52 This appendix shows why the 3 times the producer premium is chosen as the NTSP
forecast.

The proposed estimation method is to predict national cost and national price. With these pre-
dictions and the historical information on the 5 year average of costs and prices for the month or
quarter, support levels are predicted. Then possible pay outs are predicted. Refer to chapter 2 for the
description of the program.

The initial estimates look at the entire period and the linear relationship between national
costs and lagged values of calf prices (East and West), bank rate, feeder prices, barley prices and the
supply and scrvices index. A simple OLS is done and the results viewed for quarterly data and
monthly data. There is a strong relationship between the national cost (as estimated by the NTSP)
and these variables. There is also autocorrelation and multicolinearity in the model. These are not
corrected for in this partof the research>3,

There is 2 high degree of correlation between the national costs and the variables included in
the model. The model is calculated for each month starting in the month January 1986. Complica-
tions in the calculations include the change over to monthly data from quarterly data in 1989. The
model is updated cach month. The gencral model includes the following variables.

Y =National Cost (dependent variable).

constunt,

xi = Toronto str. calf pricc 8 month prior to sale,

x2= Edmonton str. calftprice 7 months prior to sale,

x3=800+1h Edmonton feeder str. 3 months prior (90 days) to sale,

x4 = open market barley price monthly average for Calgary 3 months prior to sale.
X5= bank price loan rate 7 months prior,

6= supply and services index lagged 3 months.

Using information available at the time of the purchase of the feeder steers the national cost is
estimated from this OLS regression. Linear OLS regressions are estimated to provide forecasts of
national cost.  Historical national costs are available from the program. Where quarterly data is used
the lags are 2 quarters for 7 and 8 months and 1 quarter for 3 month lags indicated above. Quarterly
data is developed from the monthly data.

The first estimates are required for cattle to be sold in April 1986. The period 1986 to Decem-
ber 1988 uses quarterly data in calculating support levels and 0.85 of gross margins. The period Janu-
ary 1989 10 December 1989, uses monthly data to calculate support levels and 0.90 of gross margins.
Quarterly costs are estimated using OLS and the variables listed above (plus a constant). The NTSP

32 A fourth alternative was also explored. The investor in this cattle feeding simulation is predicting
profits. The fourth alternative assumed that the NTSP would make pay outs equal to the simulations
predicted losses. This method did not compare favorably with the other two alternatives explored.

33 Work on OLS NTSP piy out model was discontinued after seeing the difference in MSE between
this model and the 3 x Premium model.



116

gives these quarterly costs. The relationship is used to estimate the coefficients for prediction. The
quarterly data is estimated to get a set of coefficients for December 1985 (using the data from January
1976 10 December 1985 adjusted for lags). The coefficients are used with the data available in Janu-
ary 19386 (adjusted for lags if required) to estimate quarterly support levels in the 2nd quarter in 1986,
The regression is estimated again each month adding one new data point and dropping off the oldest
data point. Within the quarter the estimate for each quarter is updated each month and for the see-
ond and third month the input variables are unweighted averages of the months in the quarter. (For
example: The first month in a quarter uses only that months prices to predict. The second month
uses the average of the two months. The third month will use the average of the three months.)

Monthly coefficients arc estimated starting in Gctober 1985 to provide an estimate for January
1986. The estimate uses the information from January 1976 to October 1988. The regression is esti-
muted again cach month adding one set of new data points and dropping the oldest month of data.

These estimates of national cost at the time of sale of the animals arc made at the time of pur-
chase. The five vear monthly average national cost and national prices are available from the NTSP
program (and these were used 1o calculate the quarterly national cost and national price). The
natiopat support leved is then caleulated for quarterly time periods:

Support=.83(Nutional Price - National Cost) + Estimated National Cost

The estimate for monthly tirie period is:

Support=.90(National Price - National Cost) + Estimated National Cost

Then the estimated NTSP pay out is the Estimated National Price - Support. If this is negative
then there is a pay out. The explanation of the price prediction used @ covered in chapter 5. The
torecast price chosen in chapter 3 is used here.

All these prices are given in S/cwt of live animal. The national cost is available from the NTSP
since this g historical 5 vear average. The MSEs of the two methods of predicting the NTSP pay outs
per head are calculated. The MSE are shown in the following table.

Table
NTSP Prediction Mean Square Error

OLS Estimate 3x Premium
Root MSE 34.3 22.4
MSE 1178.8 499.3

The 1able indicates that the 3 x Premium gives the lower MSE. Various ad hoc methods to
adjust the OLS estimate (adjusting the presicted price to reflect the National Price) reduced the MSE
10 762, Statistically 1esting the difference of the MSE in the table presents difficultics. The MSEs are

notindependent. This prevents the use of tests that directly compare MSE similar o the direct F iest
of two independent variances.
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The Ashley et al. (1980) test explained in Appendix F is used to compare the MSE of out of
sumple forecasts from competing models. The MSE of the NTSP prediction errors are compared
using this method. The null hypothesis is that the MSE errors from the two models are not different.
“This is tested by checeking if the coefficients are non negative and significantly different from zero.
The interpretation of the test and the set up of the model changes depending on the sign of the means
of the forecast errors. The model is sct up with the 3 x premium as model two as shown in the Appen-
dix F to determine if the 3 x premium model has the smaller forecast error. The means of the forecast
error for 3 x premium and for the OLS estimate are 3.25 and -16.10 respectively. The negative mean
is adjusted accordingly by multiplying it by negative 1 10 make it positive for this test.

The usual OLS regression of this model shows significant first order autocorrelation as shown
by the significant Durbin Watson coefficient of 0.31 with 45 observations. The model is estimated
using ML adjusted for first order autocorrelation.

Table
Mean Square Error Test On NTSP Prediction Models

Var Coef Std. Error T-Ratio P-Value
const 16.81 18.81 0.89 0.38
X1 0.83 0.16 532 0.00
auto 0.83 0.08 10.09 0.00

OLS DW=0.31 Chi-Squared= 28.9 P-Value Chi=0.00
Meauns of Errors: 3xPrem=3.25 NTSP OLS=-16.10
(For regression NTSP OLS error vector multiplied by negative 1.)

Following Ashley ct al. (1980) the coefficients of the model are both positive and one of them is
significantly positive at the 5% significance level. The small sample F test for the significance of the
regression is replaced with an asymptotic Chi-squared test. The Chi-squarcd with 2 degrees of {rce-
dom is 28.9 and this is significant at the 5% level. The coefficients are greater than 0. This rcjects the
null hypothesis. The 3 x premium is the better forecasting model.

NTSP modecl building using the data collected for the main simulation was not successful.
Forecasting problems make this a difficult method to use. It does not provide superior forecasts 1o
the 3 times premium model.
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Appendix E Selective Investment Strategies - Number of Hedges or Selective Invest-
ments

The number of times hedges are placed for each selective hedging strategy and the number of
times investors purchase T-Bills in the selective investment strategy are reported here. The total time
period covered is 120 months.

Number of Times the Investor Hedges in Hedge Strategies

Length of Hedge
Strategy 1 Momﬂ 2 Momh[ 3 Month
100% Hedge
No NTSP 120.0
NTSP 120.0
Optimal
Hedge
No NTSP 120.0
NTSP 120.0
Selective
Hedge 5%
No NTSP 8.0 9.0 50.0
NTSP 13.0 13.0 50.0
Sclective
Hedge T-Bill
No NTSP 9.0 6.0 43.0
NTSP 12.0 7.0 43.0
Sclective
Investment
No NTSP 43.0
NTSP 45.0
Selective Investment-Number of Times Invest in T-Bills Instead of Feeder Cattle
No Hedge No Hedge Hedge Hedge
No NTS NTSP No NTSP NTS
Numbcr 76 74 77 75
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Appendix F Mean Square Error Tests Of Significance

The MSE statistical test of Ashley et. al. (1980) is explained. This test is not described in the
cconometric texts. The test results for the price forecasting models and net returns strategies from
chapter 5 are reported.

The MSE's of different models are not independent. This precludes the use of the usual small
sample F test 1o compare variances or even the use of asymptotic tests to do the same thing. The
following is one possible method proposed to compare MSE in a statistical manner. This test is used
by Brandt (1985), Garcia ct al. (1988) and Leuthhold, Garcia, Adam and Park (1989).

Ashley ct al. (1980) proposed the following test to compare MSE between competing models
forecasting the same out of sample values. Letyi, and i1, be the out of sample vectors of forecast
crrors from two competing models. These models predict the same price. Hypothesize that model 2
has lower forecast error than model 1. Ashiey et al. (1980) use a regression equation defined as fol-
lowws:

Wy =Wy =a,+ a,[(i,  *ra )~ mean(il, +iz,)1+ e,

where:
the mean(.) is the mean of the two forecast errors added together and
the ¢ is an independent error term with zero mean.

Now assume that the means of the two forecast errors are positive. Testing a, = a, = Oagainst

the alternative that both are non negative and at least one is positive is the test. A significant negative
coefficient implics that model 2 is not better. If one coefficient is negative but not significant and the
other coctficient is positive and significant then model 2 is better. If both coefficicnts are positive an
F test can be used 10 test il the coefficients are jointly greater than 0. Ashley et al. (1980) point out
that the F test as used here in this model has a significance level equal to one half that obtained from
F value tables.

If both means of the forccast errors are negative then a different interpretation can be placed
on the test. The test for model 2 superiority is that the intercept term be negative and the other coef-
ficicnt be positive. If one error mean is positive and one error mean is negative then the results of the
test are ambiguous. Then the intercept term of the regression is only negative or positive depending
on which error mean is negative. However the nature of the test should allow the multiplying of the
forecast error vector with the negative mean by negative one. This then gives the same test interpre-
tation as when both error means are positive. The question of interest is whether the crrors are
smaller or larger and not whether one has a negative mean or a positive mean.

This test requires an explanation of the rationale behind the test. Ashley ct al. (1980) start with
difference between the two MSEs,

MSEM )= MSEQ,) = [s2(h,) - s%(11) 1+ [mean(ii)? - mean(ji,)*

The s2 is the sample variance of the errors. Using some algebra this expression is equivalent to:

MSEQGH) = MSE(,) = Coul(Jt, — 1) (1, + 1) ]+ [mean(n )* - mean(fi,)?

The cov(.) denotes the covariance. The estimates of the coefficients of the regression are the
following expressions,



- Couv[(ty=nz).(n,*iy)]

Sz(l—ll + 1)

The tests on the coefficients of the regression are tests to determine if the covariance of the
sums and differences of the errors is 0 and whether the mean of the difference of the errors is O.

Multiplying one error vector by negative 1 does not change the original MSE difference expres-
sions since everything is squared. It does change the regression coefficients. However it is the differ-
ence in absolute terms that is of importance in this test. Again some algebra shows that the change in
& by multiplying one error term by negative one does not change the sign of the cocfficient but it
does change the magnitude of the coefficient. Only the variance term of the calculation changes. The
intereept term changes. [t can now be positive or negative depending on the relative size of the
CFTOTS.

This concludes the discussion on the test of Ashley et al. (1980) on MSE.34

Tests of Price Forecast MSE

The following tables gives the resuits of the tests to compare MSE on slaughter steer price fore-
casters using the procedure of Ashley et al. (1980). The first model in the title is considered model 2.
The test is to determine whether the model 2 has smaller mean square error. Unless otherwise stated
the test is estimated using ML corrected for first order autocorrelation. The chi-squared statistic is
the asvmpiotic test for the significance of the regression that the coefficients cqual 0 (Judge ct al.
(1985)). The first scries of tests are the direct cash forecasters that do not use the futures market.
The sceond series of test are on the forecasts that use the futures for forecasters. The final serics of
tests are selected comparisons between the two groups of forecasters.

Comparison of Direct Cash Price Predictions

Cush 3 Months Prior Vs. OLS Full Information

Var Coef Std. En‘orT T-Raliol P-Value
const -2.12 1.50 -1.41 0.16
X1 -0.17 0.03 -6.06 .00
auto 0.86 0.05 18.61 0.000

OLS DW=().33 Chi-Squarcd=39.13 P-Value Chi=0.00
Mecans of Errors: Cash=-0.96, OLS=-3.23

Conclusion: Cash 3 Months Prior is not a better predictor than the OLS full information. The
constant is negative but insignificant. The X1 is also negative and significant actually suggesting that
the OLS full information may be a superior forecaster. (Remember that with both means negative
the test for model 2 superiority is that the constant be negative and that the X1 be positive.)

54 This author used this test many times in this study. The test may have limited uscfulness. The test
results may lead to conflicting conclusions. Most of the tests in this study require correction for first

order autocorrelation. After this correction, the test results may suggest that a [orccast model with a
smalicr MSE than another modet, has significantly larger MSE than the other model.
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Vaur Cocf Std. Errorl T—Ratio[ P-Value
const -1.57 1.65 -.095 0.34
X1 -0.11 0.03 -3.60 0.00
auto 0.85 0.05 17.84 0.000

OLS DW=0.39 Chi-Squared=13.98 P-Value Chi=.001

Mecuns of Errors: Cash=-0.96 OLS=2.45

Conclusion: Cash 3 months prior is not a superior price forecaster.

Cuash 3 Months Prior Vs. OLS Error Correction (OLS Estimation)
Var Coef ] Sud. Errorl T-Ratio| P-Value
const -20.99 0.86 -24.31 0.00
X1 0.46 0.07 6.59 0.00

OLS DW=0.421 (The estimated autocorrelation coefficient is over one and the estimate is
nonstationary with ML estimation to correct for first order autocorrelation.)
Mecans of Errors: Cash=-0.96, OLS Correct=-21.95

Conclusion: No conclusions possible given the nature of the data. The coefficient signs are the
ones that lead 1o suggesting Cash 3 months prior is superior.
Cash 3 Months Prior Vs, Cash ARIMA

Var Coef Std. Error{ T-Ratio] P-Value
const -1.02 0.15 -6.98 0.00
N1 0.03 0.01 6.17 0.000
auto .43 0.08 5.20 0.00

OLSDW=1.26 Chi-Squared=85.90 P-Value Chi=0.00
Mecans of Errors: Cash=--0.96 Cash ARIMA=-1.98

Conclusion: The Cash 3 months prior is superior to the Cash ARIMA. The constant is nega-
tive, the X1 is positive and the asymptotic test for the significance of the regression is significant.
OLS Full Information Vs. OLS Limited Information

Var Coct‘l Std. Errorf T-Ratic;[ P-Value
const 0.57 0.87 0.65 0.52
X1 0.05 0.01 3.18 0.002
auto 0.87 0.05 18.91 0.00

OLS Dw=0.27 Chi-Squared=10.59 P-Value Chi=0.01
Mecans of Errors: OLS Full=-3.23 OLS Limit=-2.45

Conclusion: The OLS full information may be superior to the OLS Limited Information. The
constant is negative but insignificant. The X1 is positive and significant. The test for the significance
of the regression cannot be used in this case since the signs of the coefficients are notin the right

dircctions.
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OLS Full Information Vs. OLS Error Correction (OLS Estimation)

var Coefl Sud. Errorl T-RaticTP-Valuc
const -18.72 0.55 -37.90 0.00
X1 0.38 0.04 9.71 0.00

OLS DW=0.36 (Autocorrelation non stationary)
Means of Errors: OLS Full=-3.22 OLS Error=-21.95

Conclusion: No test are applicable since the model has serious problems. The signs on coetfi-
cients support the superiority of the OLS Full Information.
OLS Full Information Vs. Cash ARIMA

Var Coef Std. Error | T-Ratio| P-Value
const 1.08 1.68 0.64 0.52
X1 0.24 0.30 794 0.00
auto 0.85 0.05 17.93 0.00

OLS DW=0.36 Chi-Squared=63.75 P-value Chi=0.00
Mecans of Errors:OLS Full=-3.23 Cash ARIMA=-1.98

Conclusion: The OLS Full Information may be superior to the Cash ARIMA predictions. The
constant is positive but not significant. The X1 is positive and significant.
OLS Limited Information Vs. OLS Error Correction

Var Coef Std. Error[ T-Ratio| P-Value
const -19.50 0.68 -28.80 0.00
X1 0.31 0.05 6.67 (.00

OLS Dw=0.25 (Autocorrelation non stationary
Means of Errors: OLS Limit=-2.45 OLS Error=-21.95

Conclusion: No tests are applicable to the regression. The signs of the coefficients are in the
direction that suggest that the OLS limited information is the better predictor.
OLS Limited Information Vs. Cash ARIMA

Var Coef] Std. Errorf T-Rali(ﬂ P-Value
const 0.53 1.83 0.29 0.77
X1 0.19 0.04 5.43 0.00
auto 0.84 0.05 17.07 0).000

OLS DW=(.44 Chi-Squared=29.60 P-Value Chi=0.00
Means of Errors:OLS Limit=-2.45 Cash ARIMA=-1.98

Conclusion: The OLS fimited Information may be better than the Cash ARIMA. The constant
is positive but not significant. The X1 is positive and significant.
OLS Error Correction Vs. Cash ARIMA (OLS Estimation)

Var Cocf| Std. Error | T-Ratio| P-Value
const 19.96 0.95 2087 000
X1 -0.44 0.08 562 0.00

OLS DW=0.48 (Autocorrelation coefficient non stationary)
Mcuns of Errors: OLS Error=-21.95 Cash ARIMA=-1.98

Conclusion: No tests are applicable. The signs of the coefficients suggest that the OLS crror
correction is not better than the Cash ARIMA for predicting slaughter cattle prices in Albcria.
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There is no direct cash price predictor of Alberta slaughter steers that is clearly superior (or at
least not inferior) when compared within the group of cash predictors.

Comparison of Predictions Using Futures Prices
Basis ARIMA (constant) Vs. Average Basis

Var Coef| Std. Error| T-Ratio| P-Value
const 0.79 2.56 031 0.76
X1 0.63 1.05 0.60 0.55
auto 0.75 0.06 12.16 0.00

OLS DW=0.50 Chi-Squared=0.45 P-Value Chi=0.80
Mecans of Errors: Basis ARIMA (con)=0.08, Basis Avg.=-1.09
(Average Basis errors multiplied by negative 1 for regression)

Conclusion: The futures price predictor using the basis predictor with ARIMA with constant is
not supcerior to average basis. The signs of the coefficients are both positive which is the direction
required for the ARIMA Basis to be the better forecaster. The asymptotic test for the significance of
the regression is not significant with a P-Value of 0.4. (The test for the significance of the regression
if the signs of the coefficients are right is about 0.5 of the stated significance.) Alternatively if the test
is reversed, the average basis forecast is not superior to the basis ARIMA with constant forecast.

Basis ARIMA (constant) Vs. Basis ARIMA (no constant)

Var Coef I Sud. Error L T-rRatio I P-Value
const .33 2.55 0.13 0.90
X1 0.19 4.35 0.04 0.96
auto 0.74 0.06 12.12 0.00

OLS DW= 0.51 Chi-Squared=0.02 P-Value Chi=0.99
Means of Errors: Basis Ar. Con.=0.08 Basis Ar. No Con.=-0.63
(Basis ARIMA No Constant errors multiplied by negative 1 for regression)

Conclusion: The basis ARIMA with constant is not a superior forecaster than the basis
ARIMA with no constant.
Basis ARIMA (constant) Vs, Basis 3 Months Back

Var Coefl Std. Errorl T-Ratiol P-Value
const 0.11 2.56 0.04 0.97
X1 1.03 0.29 3.57 0.001
auto 0.74 0.06 12.15 0.00

OLS DW=0.515 Chi-Squared=12.77 P-Value Chi=0.002
Means of Errors: Basis Ar. Con.=0.08, Basis 3 months Pr.=-0.41
{(Basis 3 Month Back Error multiplied by negative 1)

Conclusion: The basis ARIMA with constant is superior to the basis 3 months back prediction.
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Var Coefi Std. Error L T-Ratio| P-Value
const 0.49 0.36 1.38 0.17
X1 -0.001 0.01 -0.49 0.62
auto 0.85 0.05 17.38 0.00

OLS DW=0.31 Chi-Squared=2.12 P-Value Chi=0.35

Means of Errors: Avg. Bas.=-1.09, Basis Ar. No Con.=-0.63

Conclusion: The constant is positive, the X1 is negative and neither coefficient is significant.
The average basis is not a superior forecaster to the basis ARIMA with no constant.

Avcrage Basis Vs, Basis 3 Months Prior

Var Coef Std. Error| T-Ratio| P-Value
const 0.71 0.42 1.71 0.09
X1 0.0 0.03 184 0.07
auto 0.43 0.08 5.14 0.00

OLS DW=1.21 Chi-Squared=6.35 P-Value Chi=0.04
Mcans of Errors: Basis Avg.=-1.09, Basis 3 Mon. Pr.=-0.41

Conclusion: The average basis is superior to the basis 3 months prior.
Basis ARIMA (no constant) Vs. Basis 3 Months Prior (Used OLS)

var Cocfl Std. Erroﬂ T-Ratio I P-Value
const 0.24 0.27 0.89 0.38
X1 0.05 0.02 2.40 0.02
auto 0.32 0.09 3.73 0.00

OLS DW=1.41 Chi-Squared=6.56 P-Value Chi=0.04
Mecans of Errors: Basis Ar. (no con.)=-0.63, Basis 3 Mon Pr.=-0.41

Conclusion: The basis ARIMA with no constant is superior 10 the basis 3 months prior.

The basis ARIMA with constant has the smallest MSE of the price prediciors using the futures
markets. The tests between the predictors using the futures prices shows no other model that domi-
nates the basis ARIMA with constant prediction. The price prediction using the basis ARIMA with
constant is now compared to all the direct cash predictors since no dominant cash price predictor was
found in the previous test.

Compurison Between futures predictor with basis ARIMA with constant compared to ail direct cash
predictors.

Basis ARIMA (constant) Vs. Cash 3 Months Prior

Var Coefl Std. Error[ T-Ratio B-Valuc
const 0.65 2.56 0.26 0.80
X1 1.01 0.25 4.11 0.00
auto 0.74 0.06 12.16 0.00

OLS DW=0.62 Chi-Squared=16.94 P-Value Chi=0.17
Mecans of Errors: Basis Ar con.=0.08, Cash 3 mon. Pr.=-0.96
(Cash 3 month prior errors multiplied by negative 1)

Conclusion: The basis ARIMA with constant is superior to the cash 3 months prior at the 0.08
level of significance based of the test on the significance of the regression.
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Var Coe| Std. Error | T-Ratio| P-Value
const 2.75 2.17 1.27 0.21
X1 -0.45 0.33 -1.37 0.17
auto 0.72 0.06 11.26 0.00

OLS DW=(.59 Chi-Squared=3.54 P-Value Chi=0.17
Means of Errors: Basis Ar. Con.=0.08, OLS F.I.=-3.23
(OLS Full Information errors multiplied by negative 1)

Conclusion: The basis ARIMA with constant is not superior to the OLS full information pre-
diction. The signs of the coefficients preclude the use of the test of the significance of the regression.
The OLS full information does not dominate the ARIMA basis with constant. (The changing of the
model definition changes the signs of the coefficients but no other changes occur in the regression.
For example if the OLS full information is defined as model two then the regression coefficients
become -2.75 and 0.45.)

Basis ARIMA (constant) Vs. OLS Limited Information

Var Cocf l Std. Error l T-ixotio l P-Value
const 2.11 2.32 0.21 0.37
X1 0.24 0.28 0.87 0.38
auto 0.72 0.06 11.50 0.00

OLS DW=(.54 Chi-Squared=1.57 P-Value Chi=0.46
Mecans of Errors: Basis Ar. Con.=0.08, OLS L.1.=-2.45
(OLS Limited Information errors multiplied by -1)

Conclusion: The basis ARIMA with constant is not superior to the OLS limited information
prediction. The test for the significance of the regression is not significant at the 5% or 10% level.
Busis ARIMA (constant) Vs. OLS Error Correction (OLS Estimate)

Var Coef I Stid. Error| T-Ratio l P-Value
const 21.86 0.89 24.43 0.00
hg | 0.54 0.08 6.96 0.00

OLS DW=0.54
Means of Errors: Basis Ar. Con.=0.08, OLS E.C.=-21.95
(OLS Error Correction errors multiplied by negative 1)

Conclusion: No test are applicable. The model did not properly estimate when corrected for
first order autocorrelation.
Basis ARIMA (constant) Vs. Cash ARIMA

var Cocfl Sud. Errorl T-Ralio‘ P-Value
const 1.73 2.74 0.63 0.53
AN 1.31 0.20 6.42 0.00
auto .76 0.06 12.90 0.00

OLS DW=0.60 Chi-Squared=41.49 P-Value Chi=0.00
Means of Errors: Basis Ar. Con.=0.08, Cash ARIMA=-1.98
{Cash ARIMA crror multiplied by negative 1)

Conclusion: Basis ARIMA with constant is superior to the cash ARIMA based on the test for
the significance of the regression.
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No forecast model that directly forecasts the cash price is superior 1o the basis ARIMA(1,1.1)
forecast model.

This concludes the MSE test on price forecast models. The general conclusions from these
tests are in Chapter 5.

Tests of Net Returns MSE

The net returns MSE for the different investment strategies from the rescarch are tested for dil-
ferenees using the test of Ashley et al. (1980). The first name in the title of each regression is consid-
cred as model 2. Unless otherwise stated the regressions are adjusted for first order autocorrelation
using the ML procedure. The last line of each regression reports the autocorrelation coefficient. Al
tests are for the period of cattle sales Junuary 1980 1o December 1989 (120 months) unless stated
othenwise. The first comparisons are between the base simulations of no NTSP-no hedging to
NTSP-no hedging and no NTSP-100% hedging to NTSP-100% hedging for the period 1980 10 1989,

No NTSP, No Hedging Vs. NTSP, No Hedging

Var Coet]| Std. Error | T-Ratio]| P-Value
const 0.17 2.36 0.07 0.94
X1 -0.002 0.01 -0.22 .82
auto 0.85 0.05 17.83 0.00)

OLS DW=0.30 Chi-Squarcd=0.06 P-Value Chi=0.97
Mecans ol Errors: Model 1=3.16 Model 2=4.58

Conclusion: No difference in MSEs. Recall that the significance of the regression chi-squared
asymptotic test is not used if the coefficicnts have different signs.
No NTSP. No Hedging Vs. No NTSP, 100% Hedging

Var Cocr[ Std. Error T-RatioL P-Value
const (1.26 4.32 0.06 0.95
X1 -0.30 G.06 -4.88 0.00
auto .51 0.08 6.43 (.00

OLS DW=1.17 Chi-Squarcd=23.85 P-Value Chi=0.00
Mcans of Errors: Model 1=4.29 Model 2=4.58

Conclusion: The No NTSP, 100% hedging likely has the lower MSE based on the significant t
statistic on X1.
No NTSP, No Hedging Vs. NTSP, 100% Hedging

Var Cocf]| Std. Error| T-Ratio| P-Valuc
const 0.86 4.64 0.19 0.83
X1 -0.30 0.06 -4.70 0.00
Quto (.53 0.08 6.76 .00

OLS DW=1.12 Chi-Squared=22.09 P-Value Chi=0.00
NMeans of Errors: Model 1=4.96  Model 2=4.58

Conclusion: NTSP, 100% Hedging may have the smaller forecast error based on the significant
tstatistic on the X1,
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986 1o 1989 with and without NTSP is compared.

No NTSP, No Hedging Vs. NTSP, No Hedging April 1986 to 1989
var Cocﬂ Sud. Error‘ T-Ralio‘ P-Value
const 0.03 5.51 0.01 0.99
X1 -0.01 0.03 -0.31 0.76
auto .84 0.08 10.45 0.00

OLS DW=0.40
Means of Errors: Model

Conclusion: T

Chi-Squared=0.10
1=14.

61

P-Value Chi=0.95
Model 2=13.03

here is no difference in the MSEs.
The conclusions for this series of tests is that the NTS
versus no participation in NTSP. The 1009 hedge strategy is

P does not significantly reduce the MSE
likely significantly different (lower)

than the base simulation with no hedging.

The next set of Lests compares the base simulation of no NTSP-No hedging to the different
arategics. [t is assumed that the most likely program at this time by a cattle producer is 10 enroll in
NTSP und not hedge. This is compared 10 strategies that involve selective hedging or selective inves-
ting.

No NTSP, No Hedging Vs. No NTSP, Optimal Hedge

Var Cocfl Sud. Error\ T-Ralio‘ P-Value
const -10.95 2.11 -0.45 0.63
X1 -0.27 0.03 -8.78 0.00
auto 0.38 0.08 4.63 0.00

OLS DW=1.28 Chi-Squared

=77.35 P-Value Chi=0.00

Means of Errors: Model 1 =3.3

8 Model 2=4.58

Conclusion: The No NTSP, No Hedging is not superior to the No NTSP, Optimal Hedge. The
reversal of the test indicates that the optimal hedge has significantly lower MSE based on both coeffi-
cients are negative and the significant chi-squared test on

NTSP. No Hedging Vs. NTSP, Optimal Hedging

the significance of the regression.

Var Cocef ‘ Sud. Errorl T-Ratio\ P-Value
const -0.94 2.09 -0.45 0.65
X1 -.28 0.03 -8.78 0.00
auto 0.38 0.08 4.41 0.00

squired test for the significance of the

as using the optimal hedge as model 2) ¢

OLS DW=1.31

Means of Errors: Mode 1=4.02
Conclusion: The optimal hedge has significantly

Chi-Squarcd=77.26 P-Value Chi=0.00

Model 2=5.16

lower MSE based on the asymptotic chi-
rcgression. Recall that changing the order o

f the models (such

hanges the signs of the coefficients.



No NTSP, No Hedging Vs, No NTSP, Selective Hedging 5% Rule

Var Coef Std. Errorl T-Ra!io! P-Value
const 3.54 3.77 0.94 0.35
X1 -0.11 0.05 -2.41 0.02
auto 0.47 0.08 5.77 0.00

OLS DW=1.31

Chi-Squared=6.68 P-Value Chi=0.04

Mecans of Errors: Model 1=7.81 Model 2=4.58

Conclusion: The MSE of No NTSP, No Hedging is not lower. The evidence suggests that the
sclective hedge may have the lower MSE based on the t statistic of X1.

NTSP, No Hedging Vs. NTSP, Sclective Hedging 5% Rule

Var Coef Std. Error T-Ratio P-Value
const 3.78 3.48 1.09 0.28
X1 -0.15 0.05 -3.06 0.003
auty 0.41 0.08 +4.95 0.00

OLS DW=1.43

Chi-Squared=10.49 P-Value Chi=0.01

Mcauns of Errors: Model 1=8.69 Model 2=5.16

Conclusion: The MSE of the sclective hedge is likely the smaller MSE based on the tstatistic
on Xl1.

No NTSP, No Hedging Vs. No NTSP, Selective Hedging T-Bill Rule

Var Cocfl Std. Errorr T-Ratio P-Value
const 3.25 395 0.82 (.41
X1 -0.09 0.05 -2.00 0.05
aato 0.50 0.08 6.40 0.00

OLS DW=1.22 Chi-Squared=4.67 P-Value Chi=0.10
Mcans of Errors: Model 1=7.47 Model2=4.58

Conclusion: The MSE of the selective hedge is likely smailer than the No NTSP, No Hedging
based on the tstatistic on X1.
NTSP, No Hedging Vs. NTSP, Selective Hedging T-Bill Rule

Var Coef Sud. Errorr T-Ratio P-Value
const 3.47 3.77 0.92 0.36
X1 -0.11 0.05 -2.24 0.03
auto 0.47 (.08 5.87 0.00

OLS DW=1.32 Chi-Squared=5.85 P-Value Chi=0.05
Means of Errors: Model 1=8.33 Model 2=5.16

Conclusion: The MSE of the selective hedging strategy is likely smaller based on the tstatistic
on X1.
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No NTSP, No Hedging Vs. Sclective Investment, No NTSP, No Hedging

Var Coef ‘ Std. Error T-Ratio I P-Value
const -3.49 11.38 -0.31 0.76
X1 -0.46 0.19 -2.35 0.02
4utlo 0.68 0.07 10.09 0.00

OLS DW=(.75 Chi-Squared=5.65 P-Value Chi=0.06
Mecans of Errors: Model 1=-1.94 Model 2=4.58
(Errors of this Selective Investment multiplied by negative 1)

Conclusion: The MSE of the selective investment is the smaller MSE based on the significance
of tne test on the regression. Recall that a P-Value on the Chi-Squared overstates the significance by
at teast a factor of 2 times.

NTSP, No Hedge Vs. Selective Investment, NTSP, No Hedge

Var Cocf Std. Error| T-Ratio | P-Value
const -4.24 11.54 -0.37 0.71
X1 -0.35 0.20 -1.74 0.08
auto 0.67 0.07 9.97 0.00

OLS DW=0.75
Mecans of Errors: Model 1
(Errors of this Selective Investment multiplied by negative 1)

Chi-Squared=3.15 P-Value Chi=0.21
-1.64 Model 2=5.16

Conclusion: The selective investment likely has the smaller MSE based on the test on the sig-
nificance of the regression. The significance of this test is at least .105. (This is the P-Value of the
chi-squared divided by 2).

No NTSP, 1009 Hedging Vs. Selective Invesiment, No NTSP, Hedging

Var Cocf‘ Std. Error T-Raliol P-Value
const 271 1.58 -1.72 0.09
Xi -0.17 0.04 -4.52 0.00
aute 0.34 0.02 4.02 0.00

OLS DW=1.34 Chi-Squared=23.70 P-Value Chi=0.00
Means of Errors: Model 1=1.51 Model 2=4 29

Conclusion: The MSE of the selective investment is significantly lower based on the test on the
significance of the regression.
NTSP. 1004 Hedging Vs. Selective Investment, NTSP, Hedging

Var Cocfl Sud. Error| T-Raliol P-Value
const -2.62 1.42 -1.84 0.07
Xt -0.14 0.04 -4.01 0.00
auto 0.31 0.09 3.61 0.00

OLS DW=1.39 Chi-Squarcd=19.60 P-Value Chi=0.00
Means of Errors: Model 1=2.26 Model 2=4.96

Conclusion: The selective investment has the lower MSE based on the significance of the
regression.

The general conclusion of the previous sets of tests is that the selective hedge strategics and the
sclective investment strategies have lower MSEs than the No NTSP, No Hedging base simulation or

the NTSP. No Hedging base simulation.
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The next series of tests compares the NTSP-100% Hedging 10 the different hedge strategies.
NTSP, 100% Hedging Vs. NTSP, Optimal Hedging

Var CoefT Std. Error[ T—Ratio_[ P-Value
const -1.08 2.44 -0.44 .66
X1 -0.05 0.62 -2.38 0.02
auto 0.70 0.06 10.70 0.00

OLS DW=0.78 Chi-Squared=5.89 P-Value Chi=0.05
Means of Errors: Model 1=4.02 Model 2=4.96

Conclusion: The optimal hedging MSE is significantly smaller based on the signs of the cocffi-
cients and the test for the significance uf the regression.55
NTSP. 100% Hedging Vs. NTSP, Sefective Hedge £% Rule

Var Cucf; Sud. Errorl T-Ratio P-Valuc
const 3.67 1.95 1.89 0.06
X1 0.13 0.04 3.36 0.00
auto 0.29 0.09 3.31 0.00

OLS DW=1.41 Chi-Squared=14.98 P-Value Chi=0.00
Means of Errors: Model 1=8.69 Model 2=4.96

Conclusion: The 1009 hedging has a significantly smaller MSE based on the test on the signif-
icance of the regression.
NTSP, 1009 Hedging Vs. NTSP, Selective Hedging T-Bill Rule

Var Coe | Std. Error | T-Ratio P-Value
const 3.29 221 1.49 0.14
X1 0.16 0.04 3.62 0.00
auto 0.31 .09 3.57 0.00

OLS DW=1.37 Chi-Squared=15.44 P-Value Chi=0.00
Means of Errors: Model 1=8.33 Modei 2=4.96

Conclusion: The 100% hedge MSE is significantly smailer based on the test on the significance
of the regression.

These previous tests lead to general conclusion that the 100 % hedge has a smaller MSE than
the selective hedge strategies. The optimal hedge has a lower MSE than the 100% hedge strategy. 1t
is interesting to note that the MSE for the NTSP-100% hedge is 339.0 and the MSE for the NTSP-
Optimal Hedge is 384. The test for significance looks at other factors than the ahsolute level of the
MSE.

The next series of test is between some of the different strategies. NTSP is included in the
strategics.

55 This conclusion requires further clarification. The MSE for the NTSP-100% Hedge is 339. “The
MSE for the NTSP-Optimal Hedge is 384. Yet the test suggests that the optimal hedge strategy is
significantly smaller than the 100% hedge MSE. The original OLS estimate of this test had a cocffi-
cient for X1 of 0.04 with a standard error of 0.02. The adjustment for autocorrelation changed the
siun on the X1 coefficient. These results suggest caution be used when interpreting and making
conclusions from this test.
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Var Coe: Sud. Error T—Ratiol P-Value
const 4.66 1.76 2.64 0.01
X1 0.13 0.03 3.81 0.00
auto 0.31 0.09 3.51 0.00

OLS DW=1.48 Chi-Squared=21.63 P-Value Chi=0.00
Means of Errors: Model 1=8.69 Model 2=4.02

Conclusion: The optimal hedge has significantly lower MSE based on the test for the signifi-
cance of the regression.
NTSP, Optimal Hedging Vs. NTSP, Selective Hedging T-Bill Rule

Var Coef| Sid.Error|  T-Ratio P-Value
const 4.27 1.97 2.17 0.03
X1 0.16 0.04 436 0.00
auto 0.34 0.08 4.01 0.00

OLS DW=1.37 Chi-Squared=23.86 P-Value Chi=0.00
Means of Errors: Model 1=8.33  Model 2=4.02

Conclusion: The optimal hedge has significantly lower MSE based on the significance of the
regression.,
NTSP, Optimal Hedging Vs. Se!zctive Invesiment, NTSP, Hedging

Var Coef] ~-d. Exror| T-Ratio| P-Value
const -1.53 2.33 -0.66 0.51
X1 -0.10 0.04 -2.28 0.02
auto 0.05 0.08 6.35 0.00

OLS DW=1.20 Chi-Squared=5.65 P-Value Chi=0.06
Means of Errors: Model 1=2.27 Model 2=4.02

Conclusion: The selective investment has significantly lower MSE based on the significance of
the regression at 3%.

NTSP. Selective Hedging 5% Rule Vs. NTSP, Selective Hedging T-Bill Rule

{OLS Regression)

Var Cucfl Sud. Error T-Ratio P-Value
const -0.36 0.72 -0.50 0.62
Ni 0.02 0.02 1.55 0.12

OLS DW=2.03 F(2,118)=2.40 P-Valuc F=0.09
Means of Errors: Model 1=8.33 Model 2=8.69

Conclusion: The selective hedging 5% rule is not superior to the selective hedging T-Bill rule.
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Var Cocef Std. Error l T-Ratio P-Valuce
const -6.27 2.01 -3.12 0.002
X1 -0.29 0.04 -6.49 0.00
auto 0.32 0.09 3.75 0.00

OLS DW=1.36 Chi-Squared=52.23 P-Value Chi=0.00
Mecans of Errors: Model 1=2.27 Model 2=8.69

Conclusion: The seleciive investment has a significantly lower MSE based on the signiticance
of the regression.

NTSP, Seiective Hedging T-Bill Rule Vs, Selective Investment, NTSP, Hedging

Var Coefl Sid. Errorl T-Ratio P-Value
const -5.91 2.12 -2.79 0.012
X1 -).33 0.05 -6.66 0.00
auto 0.29 0.09 3.35 0.00

OLSDW=1.42 Chi-Squared=52.45 P-Value Chi=0.00
Mecans of Errors: Model 1=2.27 Model 2=8.33

Conclusion: The selective investment has a significantly lower MSE based on the significance
of the regression.

The general conclusion to this series of tests is that the optimal hedge has lower MSE than the
sclective hedge strategies. The selective investment has lower MSE than the optimal or sclective
hedge strategics.

This concludes the discussion on the tests for differences in MSE. The general conclusions on
these tests are in chapter 3.
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Appendix G T-Bill and TSE Calculations

This appendix explains how the real rates of return for T-Bills and the TSE 300 are calculated.
This matches how the net returns in the cattle simulation are calculated. The means, standard devi-
ations and MSE for the TSE are reported in this section. These are for comparison to other studies
such as Coles (1989), if so desired. The MSE for the TSE 300 is calculated using the historical
average as the predictor of future returns. This average is updaied each month. The means, standard
deviations and the MSE for the TSE are reported first.

Table
Real Returns for 91 Day T-Bills and the TSE 300
Time T-Bill TSE
Period Returns % Returns %
Annual Annual
Mecean Mean
[9S0-1989 4.74 14.04
1980-Mar36 4.67 14.85
Apri1986-89 4.87 12.68
Table
Standard Deviation And MSE For 91 Day T-Bills and the TSE 300

Time T-Bill TSE TSE TSE

Period Std Dev Std Dev MSE Root MSE
Returns 7 Returns %

1980- 1989 2.60 42.83 1900.15 43.59

1980-Mar86 2.86 48.25 2891.63 53.77

Apr1986-89 2.05 32.28 1064.47 32.63 1

The Coles (1989) study reported a net return of 4.65% and a MSE of 1417 for the TSE 300 for
the period 1973 10 1989. The T-Bill rate of return in his study was 1.41%. A graph of the calculated
real retures for 91 day T-Bills and the TSE 300 on an annualized basis follows.
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The T-Bill and TSE data collected for this study is converted to real rates of return that match
the calculations in the simulation. The mcthod for doing this is explained here. The starting data for
The 91 day T-Bill and the TSE 300 are:

T B.-3is the reported nominal 91 day T-Bill rate reported as an annual rate at the time of feeder

purchase.
CPI, 5is the all item consumer price index.

T SE P,_sis the TSE stock price index for each month at the time of the feeder purchase and

TSED,.5is the TSE 300 dividend of monthly returns reported as a annual rate for the month

of the feeder purchase.

The quarterly returns reported on an annual basis for the T-Bill are calculated as shown. The
nominal quarterly T-Bill rate is:

7— B 25
TBQh3=[(1+ﬁB‘3) —[]XIOO
L

100

The real quarterly rate is:56

TBQ,.,

] +
RTBQ, s=| ¢/, — ~ I {x100

36 The inflation rate could also be calculated as CPI,.,/CP1,.,since the investments are made in the
middle of the month.
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The real T-Bill rate on an annual basis over the same time period as the feeding period ending
in time period tis:

( RTBOQ,. »
/\"/'/31-1,,3=K~1£‘_?+ 1) —1]x100

The TSE 300 real returns are calculated by first constructing a total returns index including the
capital gains and the aividends. The monthly capital gains on the TSE in percent per month is:

MTSEP, = T—SE—P'—'E‘-l x 100
3"\ TSEP,,

The monthly dividend return in percent per month is:

MTSED, 5= [(1 . TSED:-:)'Z_ 1]" 100
100

The total monthly returns combines the capital gains and the dividends.

MTRTSE, ,=MTSEP, ;+ MTSED,,

A monthly returns index is now constructed. Let time period 0 equal 1000. The rest of the
index is calculated as follows.

Periody= 1000

A MTR7TSE,
Period, = Period ;X| ——————+1

100

MTRTSE )
Peoriod, = Period X ( phdichi ittt S | )

100
olc.

The nominal quarterly returns over the feeding period ending at time t is calculate & irom the
total returns index.

visEo,=[ 2220 )« 100
NTSEQ, = Period .4
The real quarterly and real annual TSE rate of return are calculated.
NTSEQ,
—_—+ ]
. 100
RTSEQ, = —crr, -1 {x100
cri .,
. :
RTSEA, = (1 *M) -1 Ix 100
100

This completes the calculations of the real rates of return for the 91 day T-Bill and the TSE
300).



136

Appendix H ARIMA Forecasting Models

Samples of the ARIMA modcls estimated in this study are presented here. ARIMA models are
relatively casy 1o estimate with the statistical packages available. The ARIMA models used in this
study have the following problems. Each ARIMA model is estimated 120 times. This suggests that
the model should be identified and tested each time period. This is not done. The model estimation
sometimes has difficulty converging in different time periods. This wou'd suggest cither a different
numerical calculation method or a different model specification. This is not done here. This may be
an arca that could use more research.

The following are ARIMA models estimated in this study. These are models estimated for the
period 1976 1o September 1989. The data output is from the RATS statistical package (Var Econo-
metrics).

ARIMA(L,1.1) With Constant For Alberta Basis in Nominal Cdn $1

"0, LABEL | LAG | COEF | STAND.ERROR | T-STATISTIC
1 CONSTANT 0 -0.038 0.038 -1.01
2 AR 1 0.38 0.86 4.36
3 MA 1 -0.91 0.04 -24.12

1. AR is autoregressive and MA is moving average.

R Squared  0.27

DURBIN-WATSON 1.95

Q(36)= 4347 SIGNIFICANCE LEVEL OF Q 0.1831381

The Q statistic is u measure of autocorrelation in the model using in this test up o 36 lags.

ARIMA(1,1,1) No Constant For Alberta Basis Nominal Cdn $

NO. LABEL |LAG | COEF | STAND. ERROR | T-STATISTIC
1 AR 1 0.36 0.09 4.07
2 MA 1 -0.90 0.04 -21.04

R Squared 0.27
DURBIN-WATSON 1.95
Q(36)= 44.12 SIGNIFICANCE LLEVEL OF Q0.17

ARIMA(1,0,1) with constant for Omaha Basis in US $ Nominal With Constant

NO. LABEL | LAG | COEF | STAND.ERROR | T-STATISTIC
! CONSTANT 0 -0.90 0.35 -2.56
2 AR I 0.42 0.15 2.77
3 MA 1 0.060 0.17 (.36

R Squared 0.22
DURBIN-WATSON 1.98463315
Q(36)= 82.48 SIGNIFICANCE LEVEL 0of Q0.17
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ARIMAC(I,1,1) with constant For Alberta Cash Steer Price in Nominai Cdn$

NO. LABEL [ LAG [ COEF [STAND. ERROR| T-STATISTIC
I CONSTANT 0 0.23 0.33 0.71
2 AR 1 0017 0.49 0.035
3 MA 1 0.15 0.48 0.30

R Squared .94
DURBIN-WATSON 1.99
O(36)= 107.58 SIGNIFICANCE LEVEL OF Q 047E-08
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Appendix I Basis Testing

An analysis of the Omaha basis similar to that of the Alberta basis is presented in this appen-
dix. This allows further comparisons between the basis faced by the Alberta investor and the Omaha
investor. Further discussion on the autocorrelation in the Alberta basis variance test from Chapter 5
completes the Appendix.

Omaha basis is checked for trend and seasonality using the same form of model used to test the
Alberta basis. The trend analysis is done using the ML estimator adjusted for first order autocorrela-
tion since the OLS estimate of this model has a Durbin Watson statistic of 1.11 which is significant at
the 59 level. The Omaha basis is first adjusted to January 1982 U.S. dollars using a GNP deflater.
No significant trend is detected. There appears to be seasonality in 4 months at the 5% level of signil-
icance. This suggests that a different method of basis forecasting be tried.

Table
Omaha Nearby Trend and Monthly Seasonality Test Adjusted For First Order Autocorrelation
Var Coef| Std. Error | T-Ratio| P-Value
constant -1.10 0.87 -1.27 0.21
Trend 0.006 0.006 0.94 0.35
Jan. 0.31 0.72 0.43 0.67
Feb. -1.88 0.85 -2.20 0.03
Mar. -1.70 0.90 -1.88 0.06
April -0.75 0.93 -0.81 0.42
May 0.40 0.93 0.43 0.67
June 2.38 0.94 2.55 0.0
July 1.30 0.93 1.39 0.17
Aug. 0.47 0.92 0.51 0.61
Sept. -0.77 0.90 -0.86 0.39
Oct. -2.12 0.85 -2.50 0.01
Nov. -1.71 0.71 -2.43 0.02
auto 0.44 0.07 6.40 (.00

The mean of the basis for the past three years for the month is forecast by averaging the basis
for that month in the three previous years. This forecast is based on the trend and scasonality results.
For example, an average of the basis from February 1980, 1981, and 1982 is the forccast for February
1933. Omaha basis is also forecast by estimating a historical mean updated cach month. Both these
mean forecasts are done in January 1982 U.S. dollars. An ARIMA(1,0,1) with constant using nomi-
nal basis is identified using the autocorrelation plots, partial autocorrelation plots and the residual
plots. The ARIMA forecasts are then converted to January 1982 U.S. dollars. Itis interesting to note
that the Omaha basis is considered stationary and no differencing is required in the model estimation.
This contrasts with the Alberta basis ARIMA models that required first differencing. The reasons for
this may be different inflation rates or some other unknown factor. The final forecast is basis in time
period t 1o forecast basis in time period t+3 in January 1982 U.S. dollars.
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The basis forecasts are used with the CME live cattle futures contract to forecast price.
Another Omaha slaughter sieer price forecast is to use the cash price at time t to forecast time period
t+3. The results of one of the ARIMA models estimated for the Omaha basis are in Appendix H.
The MSEs for five 3 month price predictors for Omaha are presented for information and compari-
son. All MSE are calculated in real 1982 U.S. dollars.

Table
MSE Of Price Forecasts
Omaha MSE On Price Prediction - 3 Month Forecasts (1982 US §)

Cash ARIMA Average Average Basis
3 Mon. Basis Basis Basis For 3 Mon.
Prior Mon. From 3 Back

Past yecars
MSE 80-89 23.49 25.74 26.95 28.93 25.54
198()-MarS6 29.22 33.01 34.18 35.37 30.95
Aprs36-89 14.39 i4.11 15.40 18.74 17.01

The F tests in Chapter 5, section 5.9, comparing Alberta basis variance from 1976 to 1980 1o
hasis variance from 1985 1o 1989 may be unreliable because of autocorrelation. A test for autocorre-
lation on the sample basis is done following the discussion in Appendix B. The time period covered is
1976 to 1989. The autocorrelation estimate from the OLS model (Alberta basis regressed on a
constant) is 0.46. The asymptotic Wald statistic on the autocorrelation is 45, which is chi-squared
with one degree of freedom. This is significantly different from zero at the 5% level. The same
results for the Omaha basis (in U.S. S) is an autocorrelation coefficient of 0.47 and an asymptotic
Wald statistic of 47.

These results pose two possible problems for the tests between variances. The first problem is
that the sample population of basis is not independent. This problem is solved by separating the two
time periods in the test by four years. This minimizes any autocorrelation dependence between the
two periods. The second possible problem is bias in estimating the sample variance. The test results
Jo not change when the sample variances are estimated again using ML corrected for autocorrelation.
The same F statistics for Alberta basis and Omaha basis are 3.19 and 1.49 if the sample standard devi-
ations are cstimated using ML adjusted for first order autocorrelation. There is no change in the con-
clusions from the tests. Alberta basis is less variable in the period 1985 to 1989. The Omaha basis
variability is the saume in 1985 to 1989.



