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Management Summary

This research aims to assess, describe and moglgirite behavior of live cattle, live cattle futar
contracts and related commodities such as feedte,czorn and soybean meal. Additionally the geab
untangle underlying causes of cattle futures gtiggtuations. We assess the price behavior ofecéitures

from different perspectives. The scope of our werkmited to the U.S. cattle sector.

In the first place we assess the fundamental apiddical relationships of cattle and related comities

by evaluating fundamental supply and demand relskips in cattle operations. The biological nature
affects the production process of beef cattleh&nihdustry, females are valued both as consumptidnas
capital good to replace future beef production. 8laborate on the lifecycle of cattle by analyziogrf
different stages in cattle production: calves, dwsif beef cows and steers. The result is a cdtile f
diagram, which forms the basis for analyzing cagtipply and demand relations. In addition we astess
cattle futures market. We discover and recognireethime effects which should be considered inr&gu
contracts price analysis. The time effects stresgtbur idea to focus on fundamental characterisinch

relationships that affect supply.

We specify a cattle supply model which includesriwst significant determinants of cattle supplya Yhis
model we untangle which forces have the greatdisteimce on cattle supply and ultimately its priEeur
supply equations are given to estimate the suppfpwr different cattle categories: calves, heifdrgef-
cows and steers. Linear regression is used to a&stimvhich (lagged) variables are the most significa
cattle supply drivers. We found evidence that thedist three important determinants of cattle sypiie
price of corn, the price of cattle sold to the leatbuyer and the number of animals available for
replacement. We found evidence of a short-run megaupply relationships for all animal categoribs.
other words, an increase in the price of slaughtémals would result in a decrease in the supply of
slaughtered animals. When the supply of slaugtaétecrises, producers are willing to retain ansnial
produce animals in the future, instead of slaughgethem instantaneously. We find mixed resultstfer
dependency of corn to cattle supply. In additiore find evidence that the replacement inventory is

positively related to the supply of cattle, for aflimal categories.

Finally this research links the cash markets whith futures markets by performing two case studiBise
drought of 1988 and the discovery of BSE in the.l&l8rt practitioners to be cautious for the thiieee
effects to be (simultaneously) active in the maréte case studies are good examples how cattfdysup

variables relate to futures prices in the cases@iha particular subset of variables dominate.
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Introduction and Methodology

Problem introduction

The behavior of cattle futures prices is odd. Rrioé cattle futures react differently to the samews)
events at different periods in time and on difféeréme scales. The a-typical price behavior of leatt
products is ascribed to the biological time lag aniiual purpose” of cattle in the production pregeln
other words, there exist a time lag between the @netattle producer decides to increase or decredtie
production and the time resulting changes occuhénbeef supply. Besides, cattle are simultaneausbyl
as consumption good and as a capital good, toaeglgure beef production. Our aim is to untangle t
fundamentals of cattle futures market. We do ndy etaborate on the basic details of the futuresketa
where cattle- and cattle-related-derivatives amddd. We recognized that there is only one wayveal

these relationships: by uncovering the fundameatdtdils of the underlying products of the industseglf.

Research objective

In this thesis we aim tassessdescribeandmodel,the price behavior of live cattle and live caftiéures
and related commodities such as feeder cattle, @otnsoybean meal. The study is developed to discov
underlying causes of cattle futures price fluctadi More specifically, our aim is to find relatsips

between cattle and cattle futures prices.

Research questions
This thesis answers research questions in a seauender. First, we elaborate on the structuradl an
fundamental aspects of the cattle industry. Thea, describe the behavior of cattle futures prices in
general. Finally, we focus on price behavior inr@xdrdinary cases, wherein a specific subset dbfac
arguably dominates. In every question we consiaefdctor time as an important factor to reflect on

* What are the fundamental characteristics (priceeds) of the cattle sector?

«  Which fundamental relationships exist in cattleratiens?

« Which generalrelationships exist in cattle- and cattle-relatetisfes prices (on different time

scales and in different periods in time)?

Research approach

We assess the price-behavior of cattle related amifitras from different perspectives. First, we dime

the critical structural relationships of the cattlector. By assessing biological, structural anghemic
constraints and relationships of commodity marked¢sassess commodity price behavior in the mid- and
long run. Second, we estimate quantitatively whethere exist causal relationships over time betwee
fundamental cattle variables such as: productisitep inventory and feeding costs. Then, we idgntif
whether fundamental relationships can be considieréite cattle futures markets. Finally, we desz@ind

analyze market prices under normal circumstanceésraextreme cases by performing two case studies.



1. Futures Markets

1.1 Introduction

This chapter elaborates on the basic details afrégt markets. It describes the characteristicxaitl€)
futures contracts, how to trade, what are the ¥ulef the trading game and how prices come together
Moreover we assess the behavior of agriculturairég contracts prices by describing three diffetient-

effects.

1.2 Futures contracts

1.2.1 Basics

A futures contract is an agreement between twdgiaahts to buy or sell an asset at a certain imthe
future for a certain price (Hull, 2006). The futsireontract is a so callederivative as the name already
reveals it is a financial instrument which valugésivedfrom the value of an underlying variable. This can
be a commodity price, interest rate or stock pritieysical delivery of the underlying commaodity setd
takes place with a futures contract. Buyers anterselre required to take or make a delivery of the
commodity or financial instrument represented kg ¢bntract. While delivery can take place, mosddra
offsettheir positions before the expiration of the coatrddowever, the potential for delivery is vital to
linking cash and futures prices. Futures contraces standardized according to delivery specificetio
including the quality, quantity, time and locatidrhe most essential variable is price, which isaligred,

in the trading process. The standardization of re@btterms is what creates trading opportunitied an

increases liquidity and market volume. The follogvexample makes the main idea clear:

Example

Suppose an investor buys one corn futures contvaath expires in December 2009. The contract gives
the investor the legal duty to buy 5.000 bushelsoofi on a given date and a given location in Delsem
2009. To offset this position, the investor caretak opposite position equal to the initial trantee. In

other words, the investor sells one (other) Comrfes contract which expires in December.
Notation

In the remainder of this thesis we will use thédwing notation for futures contractd.ive Cattle Feb 09”

Which refers to the live cattle futures contraqgpieing in February 2009.

10



1.2.2  Zero-sum game

An important characteristic of a futures contrastthat entering the contract is like playing aczseum
game. In the world of futures contracts, for eveng position there is an equal opposite shorttfmrsiln
other words, one participant’s gains result onlynfranother’s participant’s equivalent losses. Thée n
change in the total amount of money among partitga zero. Money is neither made, nor lost gy
shifted from one pocket to the other. Buyers ankkrseshould be aware that for every trade cleafieg
are charged by brokers, exchanges and clearingghous

Of course if all traders had positions only in fesicontracts and they traded only with each othen all
profits and losses would sum to zero. However, aleebe that this assumption would be too shortteigh
We would need to assume that traders only haveipasiin futures markets and are not exposed ks iis
other markets. We believe that the reader shoutdfarget the profile and characteristics of the kaar
participant. An important portion of the market f@pants are hedgers, who operate business inhwhic
they are exposed to certain risks (e.g., changemnmodity prices, currency- or interest rates)oSeh
businesses actively participate in the futures wiatidk get rid of certain price risks. On the othigie there
are participants willing to take over those risBpeculators such as arbitrageurs, hedge funds ankktn
makers that access the futures markets to hedgessadifferent asset classes. In their role, they ar
searching, or willing to take over price risks. Mtlose participants, link the cash markets to tierés
markets, changing the closed system into an opdaeerystem, in which there does not exist a zeno-su

game.

1.2.3 Exchange, Clearing & Margin

Futures contracts are fungible and are, normalhded on an exchange. To make trading possible the
exchange specifies certain standardized featurdéiseo€ontract. As the two parties to the contracidt
necessarily know each other, the exchange pro@daeschanism that gives the two parties a guardhéde
the contract will be honored. By entering a futummtract, counterparty and credit risk should be
considered. since defaults of buyers or sellersammur. One of the investors simply may not hawe th
financial resources to honor the agreement. Ortbeokey-roles of the exchange is to organize tigadim

that contract defaults are avoided. To minimize sk of a contract default ever happening, exckang
clearinghouses require their members to depositesnam a so called margin account. Every end of the
trading day the margin account is adjusted to cefiee investor’s gain or loss of the futures cacttr This

practice is referred to asarking-to-markethe account.

11



1.2.4  Market participants

If we take the cattle futures markets in considematwe distinguish different market participanthigh
participate on the futures market.
e Cattle producers: organizations that produce caitttifferent life-stages (e.g., cattle feeders).
e Cattle processors: organizations that buy and peoamttle to produce beef (e.g., slaughter
houses).
e Speculators: organizations that are willing to atdke price risk of futures contracts (e.g., hedge
funds).
The first two participants are called hedgers, esittiey participate in the futures market to hedugrt
(price) risk on a commodity they (wish to) possasthereas hedgers want to avoid exposure to adverse
movements in the price of an asset, speculatots teisake a position in the market. Either theylzatiing

that the price of the asset will go up, or theylastting that it will go down (Hull, 2006).

1.2.5 Position limits and price limits

For most contracts, daily price movement limits specified by the exchange. If the price moves dbwn
an amount equal to the daily price limit, the caantris said to be limit down. If it moves up by thait, it

is said to be limit up. Normally, trading ceases tlie day once the contract is limit up or limitvaa
However, in some instances the exchange has theréytto step in and change the limits. The puepok
daily price limits is to prevent large price movargefrom occurring because of speculative excessals
2006). Position limits are the maximum number oftcacts that a market participant may hold. The
purpose of the limits is to prevent individual peigants from exercising undue influence on the kagr
(Hull, 2006).

1.3  Agricultural futures contracts

The scope of this thesis is limited to agricultuatures contracts. Principally we consider livetlea
feeder cattle, corn and soybean meal futures. §éddon explains main details and contract spetibos
of the contracts which are used in our study. Alhtcacts are traded in the United States at theaghbi
Mercantile Exchange (CME) or at the Chicago Bodrdrade (CBOT). The CME merged together with
CBOT under the name CME Group in 2007. The merdgérndt had any major implications for the

products traded at both exchanges. Details abeuutires contracts are summarized in Table 1.

1.3.1 Live cattle futures

Live Cattle futures were introduced by the CME 864. One live cattle futures contract correspondsi¢
physical delivery of 40.000 pounds of live, fattdreattle, ready to be sent to slaughterhouses.et@amy

idea of the size of the underlying, 40.000 pounidsattle is equal to approximately thirty fattenstders.

12



The seller of one live cattle futures contract tiesobligation to deliver animals which meet a@erset of
requirements. For example, no individual animal magigh less than 1050 pounds or more than 1475
pounds. Furthermore, no cattle which are unmereldet e.g., crippled, sick, obviously damaged or

bruised, may be deliverable.

1.3.2 Feeder cattle futures

Feeder cattle refer to the young animals that ent t® feedlots, to be fed into live cattle. In trast with

live cattle futures contracts, feeder cattle fusumee cash settled. The cash settlement is lirkk¢loet CME
feeder cattle index. This index is a seven day teidj average of feeder cattle (feeder steers waighi
between 650 and 849 pounds) prices as calculateithebyJSDA. The cash settlement for feeder cattle
futures began with the September 1986 contract.Chieago Mercantile Exchange (CME) introduced cash
settlement basically for several reasons. The ChEbduced cash settlement as a means of eliminating
physical deliveries, encouraging long participatiop speculators and hedgers, and increasing hedge
participation by reducing basis variation (Kenyairal.1991). For example, in a live cattle futures cacttra

is specified that the exchange appoints an locatiere underlying animals should be delivered. la th
United States there are several delivery pointshath the seller of the futures contract shoultivée the
underlying number of cattle. Because of the systémmultiple delivery points, long traders never kne
where delivery would occur. Hence in this systemhbtong speculation and long hedging were
discouraged. Besides cattle contracts, we alsoigdemnesorn and soybean contracts. Corn and soybean a

one of the major components of cattle feed.

13



Table 1: Futures contracts characteristics
(Source: CBOT, CME Group)

Live Cattle Feeder Cattle Corn Soybean Meal
Futures Futures Futures Futures
Exchange CME CME CBOT CBOT
#2 Yellow at contract
55% Choice, ;(532;242123%””?_ Price, #1 yellow at a Soybean Meal
0, 1 1
Produ.ct. 45% Select, large #1 and 1.5 cent/bushel with 48% protein
descrlptlon Yield Grade 3 medium-large premium #3 yellow at level
live steers #1-2 9 a 1.5 cent/bushel
discount
Contract size 40.000 pounds 50.000 pounds 5.000 bushels 100 tons
Contract Feb, Apr, Jun, Jan, Mar, Apr, Mar, May, Jul, Sep, Jan, Mar, May,
Aug, Oct. Dec May, Aug, Sep, Dec Jul, Aug, Sep,
months ! ! Oct, Nov Oct, Dec
Pricing units Cents per pound Cents per pound Cents per bushel D pégB1 tons
$0.30 per bushel $20 per short ton
" ] it.)%?/(g?)rr %%LIJQVC\'/ :t.)%?/g?)rr %%LIJQVC\'/ expandable to $0.45 expandable to $30
oy e the previous the previous ‘when the market when the market
limits day's settlement day's settlement = mart marke
rice rice closes at limit bid or closes at limit bid
P P limit offer or limit offer
. 5.000 contracts in
13.500 contracts in
5400 contracts, 1600 contracts one contract, 22.000 onceoﬁ?rr;tcr;c}h GaﬁOO
Position limit and and contracts in all months combined
1 imi 300 contracts in 300 contracts in months combined, 720 contracts in ’
spot month spot month 600 contracts in spot h
month spot montl
. Cash settlement
Type of Physmal / Expire to a Physical Delivery Physical Delivery
Dehvery Delivery cash index price

1.3.3 Corn futures

In the United States yellow corn is typically growm feed livestock because of its starch contemt. |

addition, it contains more oil than other cerealiigs, so it is a high energy producer. An acreoofigields

more animal feed in both grain and forage than atigr crops, although it costs no more in labor to

produce and harvest. Because of the meat indugmacitional pattern of heavy corn consumption, any

significant increase or decrease in animal producforces farmers to reevaluate their corn producti

(CBOT, 2006). Approximately 55 to 60 percent of ttash corn crop is used as livestock feed. In tecen

years, corn has accounted for at least 25 perdeit lovestock feed (CBOT, 2006) Corn futures &naded

on the Chicago Board of Trade (CBOT). Each futw@stract represents 5.000 bushels of yellow corn of

different quality levels. Most production of comthe U.S. is centered in the area known as the 8elt
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(in the states lowa, lllinois, Minnesota, MissoWgbraska, Ohio and South Dakota). It is no coimood
that feedlot operators, which are highly dependentorn as the input for animal feed, are locatethée
neighborhood of this corn area. Corn planting b&dmearly May and harvest begins in October until

November. The December contract is the first fudw@ntract traded on a new corn-crop.

1.3.4  Soybean meal futures

Soybean meal is the product remaining after extrganost of the oil from whole soybeans. The meal i
high in protein and energy. As such it is a commarded as a supplement in cattle feed. Most soybean
crops are grown in and around the Corn Belt. Tlamtpig of the crop starts one month later than ,ciorn
May or June. Harvesting takes place in Septembdr @ctober. Whole soybeans are hardly used, the
greatest demand for the beans is as oil or meathwdre both traded as futures contracts. Approtéiya

98 percent of soybean meal is used as livestoak f€8OT, 2006). Figure 1 gives an indication of the
different kind of livestock categories in the Unit8tates. In which livestock is defined as all adsrused

for “food” of “fiber” excluding poultry. The demandf soybean meal is thus closely related to thebarm

of livestock on feed. Soybean meal futures areetlamh the Chicago Board of Trade (CBOT). Each &gur

contract represents 100 tons of soybean meal.

Livestock on feed
US, January 2005

Hogs & Pigs
35%

Beef Cattle
55%

Sheep
3%

Dairy Cattle
7%

Figure 1: Livestock on feed, US, January 2005
Source: USDA, RedMeatYearbook 2005

1.4 Price behavior of futures contracts

Figure 2 shows the price behavior of three liveledutures contracts in 2008. There is more thaa o
contract active, every moment in time. Every cacttr@presents a different underlying cattle heodbé
delivered at a different moment in time. For mosimenodities with futures markets, multiple contracts
trade simultaneously. These contracts differ bytithe to delivery. As time proceeds, some contresash
delivery and cease to exist, while others are lamih begin to be traded. From an econometric petigpec

a set of futures prices presents a potentiallyelangmber of partially overlapping time series. Masplied

15



researchers ignore the cross-sectional dimensidrreduce the data to a single time series (Smi5R

A common method for such a reduction entails splidogether the nearby contracts, i.e., when araoint
matures, take the next observation in the serim® fthe contract that is the next closest to dejivér
many markets, ten or more contracts can be trafdedji@en point in time, so this strategy excludesst of

the information about the commodity (Smith, 2008). this thesis, we treat every futures contract
individually. We never splice together futures preeries to create a single price series. We aaeeatlat

by splicing together futures price series, you eegtrucial information about the expected futuiegs of
commodities. This information is crucial as it repents the expected value of a commodity at ardiffe
moment in time. In this thesis we are especialkgrigsted in those cases where simultaneous futures

contracts behave differently.

m i
w2 mﬂ i
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=== open *4% cloge — Live cattle Apr09
=== open *ee close — Live cattle Dec08
=== open *0% close — Live cattle Jun08

Figure 2: Price behavior of three live cattle fudgrcontracts in 2008.
Source: Transtrend B.V.

In our study we put the facttimein a relative context. We consider thteme effectas the starting point
to observe price relationships between severatalgural futures contracts. The time effects aresult of
the underlying fundamentals and relationships dfleaand the biological sequence of animals. We
contribute to literature by describing and distiistping three time effects of futures contracts ggicWe
call the time effects discrepancies. A discrepamdgts between processes which ought to be the, shme

discrepancy can be small but it is usually sigaific
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1. Instantaneous price discrepancy

Prices of futures contracts with the same undegyasset but with different delivery months (e.gvel
Cattle Oct 09 vs. Live Cattle Dec 09) can readedéntly to the same news event, at the same time.

The release of news can lead to different pricearses of nearby and deferred futures contractén Ma
reason is that the release of news can affect daeby underlying commodity in a different way. For
example, imagine the announcement of an exporb&ls beef for the next two months. The ban on beef
leads to an immediate lower demand of live cattléctv results in lower cattle prices in the next two
months. In the long run, we expect that the denwirizkef as well as the demand of cattle will recolre
this example, the release of the news will causehyefutures prices to decrease. In contrast, fileetewill

be hardly recognizable in distant futures. Appdyeintthis case, the release of news on live cédidels to
different price behavior of futures contracts dfedent maturities. In Appendix A we perform a spud

this time effect where we compare casual relationgistantaneous price movements of live cattle and

feeder cattle futures contracts.

2. Fundamental price discrepancy

Prices of futures contracts on different underlyassets in different stages of life (e.g. liveleatersus
feeder cattle) behave differently on identical neavents at the same time.

This time effect is caused by the fundamental diffiees and interrelations of the underlying comuyodi
An example makes one and another clear. Feedde Gatitires and live cattle futures relate to eatiten
since the underlying commodity of the former anguinin the production process of the latter. Theetit
takes before feeder cattle reaches the “live cattlge” is approximately five months. Imagine tlate to
a disease outbreak, local authorities instantamgqushibit the transport of feeder cattle. The beas
several implications. In practice, feeder cattle rstricted to leave the farm which can lead saralus of
animals at feeder operations. The total supplyeetiér cattle will accordingly decrease, and coresetty
lead to an increase in feeder cattle prices. Aneéuliate decrease in the supply of feeder cattldtsesu
higher feeder cattle prices. Consequently, neaglegdr cattle futures contracts will respond coremnity
with an upward price movement. Not only feederlegitices are affected. Live cattle producers aagiy
affected by higher prices of feeder cattle durimg ban. Since feeder cattle are fed for approximdites
months, you can expect a positive price respondigetattle over five months. Expected increaséhin
five months on live cattle prices will have an indiae positive effect on prices of deferred livdtlea
futures contracts. Nearby live cattle futures cactls are considerably less influenced by the bhaneghe
underlying products (cattle) are not affected. Weeawve that the biological time lag causes diffepgite

behavior of related commaodity futures contractthatsame moment in time.
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3. Price discrepancy in different moments in time

Price-behavior of a futures contract (e.g., Liveti®@Oct 2009), caused by one and the same maviegit.e
can lead to different price reactions, at differgetiods in time.

This time effect is harder to understand. The barteef in the first example might not only haver@e
effect at this moment in time. The incident maysma price reaction of the same contract in thardut
For example, it is possible that many live cattfeducers go bankrupt due to the ban, resulting in a
decrease in live cattle supply in the future. Yoaynexpect that the ban affects live cattle priceshie
future. Apparently, the market event results inctural changes in the live cattle sector. The etagkent
does not only lead to a price reaction at the mantie® ban was announced. Besides, it results in a
structural change of the sector which leads toepréactions at a different period in time. In otherds, a
market event can have different effects on priddstares contract now, and in the future. A pnieaction

of a futures contract today can cause a (oppqsite¢ reaction a couple of months later.

The examples are simplifications of the realityvidhbisly also combinations of time effects can octis

not uncommon of more than one time effect to ostmultaneously. One cause may have multiple effects
A market event can cause all the three time effégésides, a time-effect may be the cause of price
behavior now or in the future. Appendix A goesfiiertinto detail of intra-market price responses am

of this Appendix is to describe how futures cortsawith the same underlying commodity behave
concurrently in the same period in time. The exisgeof time effects and the different combinatioms
time effects possible are one of the reasons wayptite behavior of cattle futures contracts is.otlde
believe that the existence of the price effectghis result of the biological nature and fundamental
interactions that exist in the underlying commodiy/e choose to shift the focus of this thesis te th

fundamental aspects of supply and demand of cattlecattle related commodities.

1.5 Conclusions and summary

A futures contract is a standardized agreementdsziviwo participant to buy or sell an asset atrtaice
time in the future for a certain price. Agricultufatures of live cattle, feeder cattle, soybearahand corn
are traded on the CME and on the CBOT. Since fatooamtracts are standardized, market participasts a
able to trade futures contracts conveniently. Bipdints such as hedgers use futures contractsiggetibeir
price risk. Speculators are willing to accept thsk of the movements in the price of a commoditye W
show that futures contracts with different matestshould be treated independently and individualhce
they represent a different crop or cattle herd atiftierent moment in time. Finally we contribute to
literature by describing three time effects whidmowd be considered in futures price analysis: 1)
instantaneous price discrepancy, @t)ce discrepancy in different moments in time &)dfundamental
price discrepancy. In the following chapters weitjeevery time effect using several examples dfifas

price behavior.
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2. The Cattle Sector

2.1 Introduction

In this Chapter we elaborate on the underlying &mentals of the cattle sector. We describe the most
fundamental aspects of the cattle market by ddsgribll production processes. By elaborating orleat
operations we expose causal relationships of ceadtfables, such as cattle inventory, cattle ord fard
feeding costs. Additionally we describe how theaeiables are related over time. We contribute ® th
literature by exhibiting beef-cattle interrelatioimsa flow diagram. The relations are tested inssgjuent
chapters. In addition we present the structureasfsition matrix to exhibit how animals in diffetestages

of their lives are interrelated. For all purposesasncentrate on the United States cattle sector.

2.2 Dairy versus beef cattle

Cattle are kept to provide beef, milk and hidese Heutivity of cattle breeding and the introductioh
biotechnology resulted in the development of twifedént cattle categories: dairy cattle and bedfleca
Both categories have their own characteristics stschody weight, nutrition, lifetime, meat qualigd so
on. The main difference is that each category seavdifferent economic purpose. Beef cattle arelgur
bred for the supply of beef. Dairy cattle are bi@dthe supply of milk. During production thereliitle or
no regard for their production of meat. Howeverthie breeding process still half of all the anintabst are
born are male calves. As such they do not havabfigy to produce milk. They are either slaughtefer
veal or beef production. The quality of dairy beah not meet the level of beef cattle. Beef whigh i
processed from dairy cattle is called unfed bee&fBvhich is processed from beef cattle is caleztifeef.
We should be aware that (unfed) beef remains adolyjat of the dairy production process. In Apperix
we give an overview of the production process afydeattle. In the remaining of this thesis we fean
beef cattle operations. The production of beethis place where the beef cattle sector and daitjecat
sector, in economic terms, meet. In economic tenmsare aware that there exist a relationship inepri

between fed beef and non fed beef.

2.3 Biological stages in beef cattle production

In the life of an animal there exists a time lagween a producer’s investment decision and salsidac
The time lag is the result of the biological chégaistics of raising cattle. The lifecycle of cattionsists of
several phases. The time from birth to slaughtemisverage 18 months for beef cattle. Figure 3bésh
the different stages in the life cycle of an anindaimore detailed flow diagram of beef cattle proiion is

given in Appendix B.
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Figure 3: Stages in cattle production

Considering the cattle production process as degiict Figure 3, you might expect seasonal priceepa.

Seasonality characteristics of cattle productiendiscussed in Section 3.5.

2.4  Cattle operations
The agricultural industry in the United States defseheavily on beef-cattle operations. The salesatife

and calves accounted for USD 61 billion in 2007 jolhhs 21% of the total market value of agricultura
production in the US (based on Census of Agrical2007 released by the USDA on February 4, 2009).
The next sections elaborate on the fundamentalshiefe different beef cattle producers: Cow-calf
operators, Stocker operators and Feedlot operafbes.lifecycle of an animal ends in a slaughterkous
The figures in Appendix B summarize all informationthis section in the form of a flow diagram. The
diagram is an essential ingredient of our reseaicbe we outline how cattle operations interrekatel
more importantly, how cattle in different stagestir lives interrelate in time. The diagram, afid¢ourse

the underlying ideas, are the starting point inwding and checking hypotheses of cattle relations in
subsequent chapters. In this way we do not onlglchéhether biological conditions of the diagram are
correct, but also whether those biological fundatalsn share the same economic fundamental

relationships.

2.4.1 Cow-Calf operation

A cow-calf producer breeds cows to produce yourgesa Cows can become pregnant “the natural way”
with the service of a bull or by an artificial imsaation program. Still the natural way receivessto
preference. For reproduction purposes a produces, an average, one bull for every 23 cows for direge
(according to USDA NASS animal and Plant Healthpbwtion Service, 1998). Figure 4 shows the
distribution of beef cows in the U.S. in 2002. Masiv-calf operations are located in and near tagest
Texas, Oklahoma, Missouri, Kentucky and Tennesk&est cattle are born in the south were weather
conditions are better and large grasslands ardablai In a later stage of their lives, animals seat to
feedlots in the North-Mid West. This area is chtggzed by intensive farming practices. In thistpdrthe

country sufficient grains are available to feedjganumbers of animals raised on limited land.
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The average gestation period of a cow is 305 day8 (nonths). Cows are usually bred in late sunemner
give birth to one calf per year. During their livesws give birth to on average nine calves. Notails

will be held for gestation during the full ten ysaProducers can make an important decision toecull
breeding cow from their herd. Cows can be cullednfthe herd due to failure to become pregnantagél
drought or market conditions such as high feedscdSbws that are culled are usually replaced by new

born calves.

‘“g\j\ Beef Cows - Inventory: 2002

Sy Urited Stats Total

33,398,271

= (/
S

1.3 [ S —

Figure 4: Distribution of beef-cows in the U.S.2002.
Source: Economic Research Service of the USDA.

Most calves are born in spring around March andlAphe main reason is to avoid the harsh weather i
the winter and to assure plentiful forage for tleevrcalves in their first, vulnerable months of thide.
Calves remain with their mothers during their fisst to eight months. In the beginning they recetver
feed exclusively by nursing from their mothers. ekfa couple of weeks their diet is supplementedh wit
grass, hay and eventually grains. Six to eight in®after birth calves are weaned from the cow. Alnadl
steer calves face the same destiny: being senfeediot and getting ready for slaughter.

Producers face an important management decisiofefoale calves. Either cull cows from the herd and
send them to feedlofgsonsumption goods)r either retain them for breedifcapital goods)Jarvis (1973)
was the first to characterize cattle producerspastfolio managers” seeking the optimal combinatidn

different categories of animals to complement thein-capital assets.

Cow-Calf operation : in brief

Input: Breeding cows
Output: Weaned calves (300 — 600 Ibs.)
Feed: Hay, grass, supplements, concentrates

) Gestation period: 9 months
Time: ]
Calf feeding: 6-8 months
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2.4.2  Stocker operation

Weaned steer calves and female calves are mosttytge'stocker-" or “backgrounding-" operations to
gain weight. A weaned calf weighs between 300 a@@@unds and is fattened on pastures, waitingeto b
sent to feedlots as “feeder cattle”. Calves onyvastare fed by summer grass, winter wheat andtoes
type of harvest roughage depending on the timehefytear and location of the operation. Calves are
purchased by stocker operators during the entiag. y@n average most of the calves are purchastwin
fall. The stocker has two important functions. te first place to raise cattle to feed them uihiéyt reach
the ideal weight to be sent to feedlots. As sectmelstocker has an important allocation functibime pen

of a stocker consists of animals of different sigemde, age and gender. The stocker creates gafups
animals, which are more easily sold to feedlotgdhbse herds all animal contain equal charactesissuch

as the same weight class.

During the stocker operation cattle can switch awhip. The cow-calf operator sells calves to thelstr
operator, or the cow-calf operator maintains owmeref cattle. In the latter case, the cow-calf raper
pays a stocker operator for providing “feeding”véegs. Stocker operations are subject to price. risk
Operators make many as cattle prices rise frontithe calves are bought until they are sold as feede
cattle. They are more affected by volatility oftaprices, since large parts of profits (or loysepends

on how cattle prices change between the momenesae purchased and feeders are sold.

Stocker operation : in brief

Input: Weaned calves (300 — 600 Ibs.)

Output: Feeder cattle (500-900 Ibs.)

Feed: Forage, pasture, winter wheat, harvest roughage
Time: 2-6 months

2.4.3 Feedlot operation

After the feeder stage, cattle producers have tbhegces: 1) fatten up the cattle themselves at ten
operation, 2) place the cattle in commercial feedlwhile retaining ownership or 3) sell the catite
another feedlot, to be fattened. No matter whicbiah is made, all animals (mostly steers and some
heifers) are prepared for finishing. Figure 5, shdie distribution of the numbers of cattle on faethe
Mid-West. Most cattle operations are concentratedtie mid of the U.S. States with the highest
concentration of feedlot operations are Kansasa3,eebraska and lowa In a period of four to sixths

an animal is fattened in a feedlot. The averagebmuraf days an animal is put on feed is 140 daya(Q,
Economic Research Service, 2008). Depending onhweityplacement, feeding conditions, and desired
finish, the feeding period can be from 90 to agylas 300 days. The great variance in feeding pefod

animals drains away the seasonality effect for diattle.
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14,905,545

Figure 5: Distribution of cattle on feed in the Ui 2002.
Source: Economic Research Service of the USDA

Animals are fed a mix of high energy feed to aawdterapid weight gain. The diet consists of défar
kinds of feed, depending on the time of the yearation and more importantly price. Cattle usuedigeive

a ratio of grains (corn, wheat), protein supplem@otybean meal, cottonseed meal or linseed medl) an
roughage (alfalfa, siladeprairie hay or other agricultural by-products s@s sugar beet pulp). Feeding
continues until the animal is “finished” and reaidy slaughter. In other words, the animal has redch

some optimum combination of weight, muscle andddie used for consumption.

Feedlot operation : in brief

Input: Feeder cattle (500-900 Ibs.)

Output: Live cattle (1100 -1400 Ibs.)

Feed: Grains, protein supplements, roughage
Time: 4-6 months

! Silage is fermented, high-moisture cattle feethd®i is fermented and stored in a process callsilage or silaging,
and usually made from grass crops, including corsooghum or other cereals, using the entire gpt&mt (not just the
grain). Silage can be made from many field crojlag® is made either by placing cut green vegatatiaa silo, or by
piling it in a large heap covered with plastic dhee by wrapping large bales in plastic film. Taesiled product
retains a much larger proportion of its nutrientsrt if the crop had been dried and stored as hayrds:

http://en.wikipedia.org/wiki/Silage).
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2.4.4  Slaughtering and processing operation

Once cattle reach slaughter weight, animals caseé to slaughter in two ways. Animals can either b
sold through an auction, or directly to a slaughtmuse (via packer buyers).

A packer buys live cattle, slaughters them and thells every item that comes from the slaughtered
animals to clients such as wholesalers. As carxpeated the major sources of income for the paaker
sales of meat and hide. There are different waysetbthe meat. Either the packer sells the slarght
carcass in parts to a retailer. Or he divides #reass into major cuts and then packs them in vadoum.
This method is called boxed-beef. The carcass ibsddoxes are bought by retailers and fabricatethér
into steaks and other cuts. In the third marketmgghod the packer sells the carcass in wholes#de(such

as steaks, ribs, chucks, briskets) which can ek diokctly to customers.

The process of buying an animal is done by packgefs. They purchase cattle directly from feedlots.
Packers determine their bid-prices on current rpeaées and other economic factors. If a bid is pted
the cattle are generally delivered to the packéhniwiseven to fourteen days for slaughter, dependmthe
pricing method. This delivery schedule allows tteelers some flexibility and enables them to schedul
their kills several days in advantddow these prices are calculated and negotiatdshi®d on three

different pricing methods: Formula Pricing, Forw&dntracting and Grid Pricing.

Formula Pricing

Live-weight pricing is based on estimated carcasigits and quality (generally Prime, Choice, Selaatl
Standard) and yield grades (1 through 5) with tighdr numbers representing a lower proportion of
saleable retail cuts from the carcass). The praterchined by these estimates is then averagedsathres
entire pen of cattle. Dressed weight prices aredham estimated quality and yield grades and known
carcass weights. This price is not averaged adhespen as in live-weight pricing, but is calcuthfer
each individual carcass (CME Group Livestock Fuguned Options: Introduction to Underlying Market
Fundamentals, 2009).

Forward Contracting

In forward contracting the packer offers a fixeéterto the owner of fed cattle before the animadsraady

to be slaughtered. The packer opens a forward acintith the feedlot operator. The forward contract
obliges the feedlot operator to deliver a spedifienber of cattle at a certain delivery date foreaain
price. Like formula pricing, forward contractingrche used when the cattle are sold on a live- ess#d-
weight basis (CME Group Livestock Futures and Qo Introduction to Underlying Market
Fundamentals, 2009). An advantage of forward cotitrg is that it can be used to price any number of

cattle, rather than a multiple of 40.000 poundbvef cattle at live cattle futures contracts.
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Grid pricing

Grid pricing is the last method to price cattle.eTpacker establishes a base price and then specifie
premiums and discounts above and below the bagdifferent carcass attributes, such as quality aeld
grade and whether the carcasses are light or héanig. pricing is also known as value-based pricing
because prices are based on the known carcasstwaigh quality and yield grade of each individual
carcass (CME Group Livestock Futures and Optionspdéluction to Underlying Market Fundamentals,
2009).

2.5  Seasonality in cattle production

Citing Hylleberg (1992) seasonality is the systématlthough not necessarily regular, intra-year
movement caused by the changes of the weathercatendar, and timing of decisions, directly or
indirectly through the production and consumptietidions made by the agents of the economy. Applied
cattle prices seasonal patterns are driven by tlins@asons and biological factors. Seasonalitys du
only occur at the supply side (e.g., driven bytthe of weaning of calves in spring) but also & demand
side (e.g., driven by the seasonal demand for algwi@l products). The combination of seasonality i
supply and demand creates seasonal price patteifisrent classes of cattle have different seasonal
patterns of animal supply. Cattle price season#ityenerally most pronounced for lighter weighinzads
(calves) and generally dampens in magnitude fayelaanimals (feeder and fed cattle) (Peel and Meyer
2002). The majority of the calves are born in gpramd sold as stocker cattle in fall, resultinchigher
supply. Stocker operations increase demand of safvthe fall because the supply of forage is hRjlices

of calves are thus affected by demand as well pglgdactors. The result is that prices tend tdlgher in

the first half of the year and lower in the sechatf of the year (Peel and Meyer, 2002). Pricesauis are
most affected by seasonal influences. The majarfitthe cows calf in spring and are used for weaning
calves until fall. The decision to send cows taiglter or use them for future production of newealis
made in fall. This is the reason why prices of cahew a seasonal low in the fall. Price patterrsobee
more complicated and variations in price moveméntsease in a later stage of the cattle production
process. Generally feeder cattle prices exhibit ke periods in the spring and fall with summer and
winter peaks. Fed cattle have seasonal price lomtheé summer (Peel and Meyer, 2002). Cattle price
seasonality can differ based on the geographiditotaf the cattle production. For example, calaes
usually born in fall instead of spring in the saarth states. This is due to soft weather conditiond
growing seasons of forage in the southern statds. important to recognize that the great variaimce

feeding periods of animals drains away the seagypmdfect for cattle in later stages of their léve
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2.6 Feed and costs

The costs of feeding cattle constitute the gregiadtof total expenses of all cattle operatorsokding to
studies on farm income, conducted by Kansas Stateetsity, feed costs represent the largest paibted
variable costs of all cattle operators (Kansas eStdniversity, 2009, Department of Agricultural
Economics). Figure 6 shows the deviations of feestxin relation with other variable costs at dife
cattle operations. For example, feeding costs edIfe operators account for 82% of the total cobte
high dependency on feeding costs suggests thédeaalot operators are highly affected by an inadas

the price of feed ingredients (e.g., corn, soybmaal, meat- and bone meal, and other grains).

Total Variable Costs
2007

Cow/Calf operation Stocker operation Feedlot operation

18%

63%

82%

@ Feed purchaseds Other costs

Figure 6: Total variable costs at different cattperation in 2007.
Principal other costs include: labor hired, machihiee—lease, livestock ,marketing, gas/fuel/oéngral
farm insurance, utilities and veterinary medicimeigs. Source: Kansas State University, Departroént
Agricultural Economics, http://www.agmanager.infofimgt/income/enterprise/2007)

2.7 Imports and Exports

So far we portrayed the American cattle sector elssed system which has no interaction with itemal
environment. One issue which we excluded from dealized cattle model was the import and export of
live cattle to and from the U.S. The graphs in Fégu show U.S. cattle import and export figurestti€a
imported and exported as percentage of total batfecand calves marketed was lower than 5% and 1%
respectively in the period 1973 - 2008. We signebkimg trend in cattle imports in the last decadgiace
cattle import and export are such a small parotslthead of cattle sold, we do not take import erplort

in consideration in the model framework of our eesé.
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Figure 7: U.S. Cattle import and export

Measured as a % of total cattle marketed. SourceatMinimal Production, Disposition & Income, NASS

2.8  Transition matrix — cattle movement
We illustrate transition of cattle from one catggoo another by using a state-transition matrixisTh

method enables us to show the time-dependent kwhafithe cattle system. The transition matrix is
derived from the described biological stages infoagle production. It traces the transition oftleafrom
one category (state) to the other, as visualize&igure 40 in Appendix B. At any moment in time a
particular animal can only be in one state. Everryein the transition matrix represents the numbiler
animals in a particular category, which affects tiuenber of cattle in another category, one mometet |

in time. Figure 8 gives the structure of all traiesis that can take place in the beef-cattle ingust is
based on the biological sequence and fundamensaacteristics of cattle operations. Cells whichtaom

an x-mark are possible inventory flows. Cells whaeh left blank represent impossible flows.

For example, a female calf grows over time, untieaches a new stage of life. Either it is culiedn the
herd to become feeder cattle for slaughter purpasaswill be culled as a heifer for breeding pases. In
the matrix the number of female calves at timdfecés the number of heifers one period later (tad well
as the number of feeder cattle the subsequentdigribme.

Besides culling an animal, which means it is latheléthin another category it can be slaughteredaah
moment in time. For example, in the transition matthe number of live cattle at a certain peridgd (

affects the number of live cattle (that can be gltered) in the next period (t+1).
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The diagram shows that the total stock of feedtlecmfluences the number of feeder cattle and tattle

in the future. Total quantity of beef cattle at gojnt in time is available for the usage of slamglffor the
consumption of beef), export (for abroad consunmptid beef) or to increase inventories of cattlehia
future (to meet future demand and consumption ef)b&he slaughter and death columns of the matrix
represent animal outflows of the system. You cguathat those columns can be presented indepéndent
of the transition matrix of the “on farm” columnidowever for representation reasons we choose tp kee
the animal outflows in the same matrix. Besidesdtkes it possible to easily represent row and colum
totals. For computational reasons the user of thesteix may decide to only use the “on farm” traiosi
matrix as it represents a closed system.

Figure 8: General transition matrix for beef-cattlethe U.S.

On farm (t+1) Slaughter (t+1) Deaths (t+1)
= o 2 v 2
e 5 E B E 5
S o c o o] = S O O
s S$2§ 8@
SEF5825825 8 58 8 4 2| Row
=] =]
= = = 3 2 o]l = § 32 o = =
T © O g 9O > [ 7] O o > [ @ | total
o o < o o =1 o c & O = () 3]
calf (female) X x | x X X
= calf (male) X X X X
g heifer X X X X
[
8
- [feeder cattle X X X X
O .
cow breeding x| x X X X
live cattle X X X
Column total

We use economic terms in our theoretical modelxgagn the transition of cattle from one categooy t
another. Figure 8 gives an example of actual leskisventory, marketings and slaughter rates & state

to another. The figures are based on surveys diitfited States Department of Agriculture (USDA).

The six different stages are derived from the lgjmal stages of beef cattle during their life gsresented

in Figure 2 and Appendix B. Differences in termogy between the matrix elements and the figurearocc
The matrix represent the biological stages of aimal) which is in contrast with the figures which
additionally incorporate the name of the productiwacess. Some transitions are left blank (markad w
an x) since those transitions were not consistanggsured by the USDA. To come up with the complete
matrix we suggest to estimate the blank fieldswisdo not further use the blank fields in our asislyve

do not further elaborate on those figures.

We can use the transition matrix to examine thaadtansition of the beef-cattle sector from otsesto
another. In Chapter 4 we present a structuralecattidel to describe relationships between (exogeand
endogenous variables) in the cattle sector. Wehigteric data to estimate the general directionshef
evolution probabilities of the matrix. To examineetactual level of cattle inventory, slaughter and
marketing figures we use simple supply-demand thé&worthe next chapter. In our analysis in the next
chapter, we use the cells of the transition maasxdependent and independent variables in the ysuppl

demand model.
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Transition Matrix U.S. Beef Cattle - 1980
On farm (t+1) Deaths (t+1)
6\ [} g Q g’
2 > E 5 = E 5
- s 8 = | B s & 2
L o ] 5] © = 5 S < ]
S = 2 g 2 S g 8 g S 8 4 2 | Row
5 5 g $ g 2 g g $ g 2 8 § | toa
calf (female) 13.802 X X 1.294 1.325 16.420
= |calf (male) 13.802 X 1.294 1.325 16.420
g |heifer 5.942 X 9.594 372 | 15.908
©
= |feeder catile 16.049 18.346 1.304 372 | 36.071
(o] .
cow breeding | 17.335| 17.335 37.107 3.164 372 | 75.313
live cattle 27.603 17.157 372 | 45.132
Column total 31.137 | 31.137 5.942 | 16.049| 37.107 | 45.949 2.588 9.594 1.304 3.164 | 17.157 2.650 1.489

Figure 9: U.S. Beef cattle transition matrix of 1798

All figures are based on USDA Cattle on feed repdetg. 18.346 represents the total number of feede
cattle shifted to the live cattle stage between01®&d 1981. Estimates are made for the distrilbutib
cattle among gender and number of calves died dutBB80. We consider the new born animals to be
equally divided among gender and death rates as=tan an historic average of 9,7%. Furthermore,
figures about the number of calf and heifer marigdiare not measured by the USDA.

2.9  Conclusions and summary

The biological nature of cattle affects the prodrciprocess of beef cattle. We elaborate on fofferdint
stages in cattle production by presenting a floagthm representing the total cattle cycle. Thisvflo
diagram forms the basis in drawing (economic) retettin cattle supply in subsequent chapters. ,Fiost-

calf producers breed cows to produce young cal@esaverage calves are given birth in spring, when
enough pastures are available to feed young calmdsbreeding cows. After that the weaned calves are
raised at stocker-operations. When they reachcserffi weight they are sent as feeder cattle tolé¢ed
operators where they are fed until they reach soptenum combination of weight, muscle and fat to be
finished in slaughterhouses. In the entire producfirocess, feeding costs are the foremost paheatotal
expenses of all cattle operations. This makesadtlecproducers highly vulnerable to changes ingwiof
feed and its ingredients such as corn and soybesal. Mhe biological and seasonal influences inlecatt
production lead to seasonal effects in supply aethahd. Cattle price seasonality is generally most
pronounced for lighter weight animals (calves) ayaherally dampens in magnitude for larger animals
(feeder and fed cattle). Finally this chapter iitated transitions of cattle from one categoryriother by
using a state-transition matrix. All these biol@dicharacteristics of cattle operations cause sonigue

relationships in terms of supply and demand, whighconsidered in the following chapter.

29



3. Literature on commodity & cattle market modeling

3.1 Introduction

Having introduced the fundamentals of the biololggEjuence of cattle and the cattle sector, thépieh
describes previous work on commaodity relationslnpgeneral and cattle relationships in specificstRive
describe a general economic commodity framewoshtmw how commodity supply, demand, capacity and
external influences are interrelated. Then we descsome characteristics of food- and agricultayastems
and finally we briefly discuss Jarvis (1974), whietplains the negative price response of catttbérshort

run.

3.2 Economic framework

The main components of a domestic commodity masaketrepresented in Figure 10. It illustrates the
interdependence among commodity demand, supplgniovies and prices in a domestic market. The
demand for a commodity depends on its price as albther external influences, such as economic
activity and the level of technology. It is evidehat end-use demand influences the commodity déman
For example, the demand for cattle is driven bydamand for beef. Supply is responsive to commodity
prices, crop yields, technology and weather cooaéti Changes in capital stock also affect commodity
production. Inventories normally exist on the dethand supply sides of the model and these arefbeld
precautionary, transactions or speculative motibepending on the elasticity of supply, inventopdesy a
smaller or greater role in price adjustments. Télationships as given in Figure 10 involve feedback
effects. Demand and supply are determined by primaisthe effects of demand and supply on prices ar
also included (Labys and Polak, 1984). Commodityaed and supply are interrelated through commodity

prices and commodity inventories.
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Figure 10: Model representation of a commodity nedrk
Source: Labys and Polak, 1984.

Gulvenenet al. (1991) describe five characteristics of the fogdtem which are linked with commodity
prices: inelastic demand for food, slow growth atat demand, competitive market structure, sigaific
technological change, and the tendency of resotiocckecome fixed within the agricultural sectorvseas
the basis for constructing models of agricultu@inenodity markets. For example, a transitory incedas
export demand will increase wholesale prices of.bEas will cause an increase in cattle slaugbptéges,
resulting in a rise in the factor inputs used ittlegproduction. However, when export demand falisk to

its initial level, the inelastic demand for fooduédts in lower prices.

Since production of agricultural products is nostamtaneous and it is dependent upon investment
decisions, the production observed in any periodsdo be greatly affected by decisions made irptss.

As an example, for beef cattle about one yeardsired between breeding and weaning of a female cal
One additional year is needed before the heiferbmabred and a third year is required before thiethe
will wean a calf intended for slaughter. Finally ashditional 15-16 months are required to fattesmihg

for delivery to the market. Thus an identifiablg lexists between the time when the essential signal
increase production is perceived, for example are@se in price, and the time when the herd is redgxh

to produce more animals (Guveneh al., 1991). This biological nature of the cattle marketavily
influences the specification of relationships usédu market models. Important dimensions are tlagess

of growth and development of the commodity, phylsaoad economic factors that affect output, and the
existence of time lags between production and daleisions (Lord, 1991). Bearing these biological

characteristics in mind, we pay special attentmfuhdamental relationships over time of cattledoiation.
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3.3 Price theory

We explain a very simple but rather fundamentalneatic theory to clarify how prices of goods (or
services) originate. The price of a product is aszed by changes in its supply and dem&ughplyis the
relationship between a product’s price and the arhofithat product sellers are willing to providupply
can be graphed as a curve witlantity shown on the horizontal axis apdce shown on the vertical axis

(see Figure 11). When prices are high, sellersvidliag to provide larger quantities of their prata to the

market.
Supply Curve Demand Curve
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50 | 50 -
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Figure 11: Supply and demand curves

At lower prices, sellers are willing to deliver diea quantities to the market. For several economic
reasons, prices can increase or decrease, thtiagliife supply curve. Examples are changes inymtioh
costs, and the number of sellers in the market.

Besides supply, there also exists demand. Dematitkiselationship between a product’s price and the
amount of that product that buyers are willing twghase. Demand can be graphed as a curve withityuan
shown on the horizontal axis and price on the eaktaxis (see Figure 12). Several factors can cause
demand to increase or decrease. Factors are fampéxahanges in personal income, prices of substitu
goods, and the number of buyers in the market.

In a competitive market, the price of a productetets on the relationship between supply and demand.
the supply and demand curves of a product are gllaneghe same graph, the point at which they intdrs

is the product’s market price, also known as thélégium price (Figure 12). On this point, the apidy of
goods supplied equals the quantity of goods denthnde market factors change, e.g., good weather
conditions, enlarge agricultural production; themy curve will shift to the right, and the marlgice will

fall. So far it looks obvious that market priceguastl to the point were supply and demand curvesscro

However, there is a high probability that theresetime lags before prices adjust to new levels.
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Figure 12: Supply-demand curve

For example, if cattle feed prices rise sharplysbpply curve will be affected (the curve shiftgtie left).
Cattle producers face lower profit margins, whiehd to the drop out of some cattle producers. Qitiitie
operators will cut back production. In terms of ttarves, prices should rise and quantity will drop.
Nevertheless, what will actually happen is thatiatly prices drop and quantities rise. The higfemding
costs encourage farmers to temporarily send moimads to slaughterhouses. Our prediction will
ultimately be correct in the long run. Apparenthgtte exists a time lag in the adjustment processipply
and demand. We cannot generally assume that matetways in equilibrium. We should be aware that
if market-factors change adjustment time shoulddesidered before a market reaches a new equitibriu

level.

3.4  Investment vs. consumption goods

The possibility of a negative supply response iricaffural markets is an intriguing concept. Thedty
states that for animal industries (such as cattleogs) where females are valued both as a cayutad and

a consumption good, an increase in the market pnig actually induce producers to reduce the supply
the animal going to market. If the price increaseiifficiently permanent, then producers may ogtima
retain a larger than average number of femalesitbta the breeding stock to take advantage of highe
prices in the future. The result, at least in thersrun, is that we may observe a negative relatigp
between price and quantity supplied (i.e., a dowdv&oping supply curve). In the long run, the dypp
relationship will eventually turn positive as theder breeding stocks produce more animals desfored
the market (Aadland, Bailey, 2001).

One of the first works which pays special attentionthe biological nature of cattle in constructiag
market model for the cattle sector is Jarvis (1974)e results expose, according to us, the foremost
important characteristic of the cattle sector. Temtral theme of Jarvis (1974) is simple. Cattle ar
considered to be capital goods which are held loglyrers as long as their capital value in prodactio
exceeds their slaughter value. Cattle are simultiaslg used as consumption good, for beef production
and as a capital good, to replace future beef mtomlu According to Jarvis (1974) producers become

“portfolio managers” seeking the optimal combinatiof different categories of animals to complement

33



their non-capital assets, given existing conditiand future expectations. Animals of different aggx and
breeding ability have different economic functiowgthin the herd, and their productive values will
accordingly be affected differentially by exogensh®cks to the system. Jarvis (1974) explainsahahy
point in time there is a fixed supply of animalstie herd for which there exist two types of demand
consumer and producer. As long as a producer Ijgvilo outbid the consumer to retain the animahas
productive asset, the animal remains in the herdemthe consumer “wins”, the animal is slaughtehed.
our research we question how the demand of diffesgres of animals (in different stages of thewe$)
varies with exogenous shocks to the system, fomgi@ due to increasing corn prices. The cattlecsect
presents an interesting feature insofar as thegktau of animal categories responds negatively poice
increase in the short run. This behavior contragth the supply response of most other agricultural
products, whose expected outputs are both expéoteide immediately in response to a price increase
(Jarvis, 1974). Because cattle production can bee@sed only by increasing the size of the breedard
and/or withholding animals for further fatteningiogucers must bid animals away from consumers to
increase the capital stock which is the sourceutiré beef production. And the slow rate of biotadi
reproduction causes the negative supply respongsertist for some time (Jarvis, 1974). The modeglies
that the immediate slaughter response is negativalf cattle categories in the short-run. An intpat
detail is that the slaughter response is diffefemin the production response. In addition Jarvig7d)
shows that in the long-run the elasticity of slaeghs positive. He explains that a reduction aefughter
one year increases the size of the herd in the (aext therefore the permanent slaughter ratehdridng
run, slaughter rates of all animal categories redppositively to an increase in prices. This unique
behavior of the cattle market is the reason whypag special attention to untangle the fundamental
relationships in the cattle market.

Jarvisperformed his research on the Argentine cattleosdéntthe period 1937-1967. In our research we
shall replicate the ideas of his research apprdadtiscover whether the American cattle sector show

similar slaughter response to price reactionsénstiort- and long run.

3.5 Conclusions and summary

In terms of an economic commodity framework we dbsd six components that intertwine and influence
commodity markets: external influences on supplgmmodity supply, commodity demand, capital
inventory, productive capacity and commodity pridese to the biological time lag in the productioh
cattle some unique relationships exist in termgride- supply relationships. The slaughter of alinzal
categories respond negatively to a price increasthe short run. In the long run, animal slaughser
positively related to price increments. The strargenomic behavior of cattle is enough reason to pa
special attention to fundamental relations in eattlsearch. Moreover we have to pay special attemndi

the time effects of relationships. A change in anrm@mic variable, for example feed prices, can have

different effects on slaughter rates in the shamtthan in the long run.
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4. Fundamental Cattle Supply Relationships

4.1 Introduction

In the preceding chapters we explained and exanimednderlying fundamentals, and dynamics of attl
breeding, feeding and ultimately slaughtering. Weveed that cattle production is a flow operationtpait
of one operation is input for the next one. In tthispter we try to answer which variables proviue lhest
explanation of cattle supply fluctuations. We sfpea cattle supply model which includes the most
significant determinants of cattle supply. Our gsato untangle which (lagged) fundamental forcageh

the greatest influence on cattle supply.

4.2 Research approach

Fundamental characteristics of cattle operationee gss an idea which determinants are appropriate to
include in a supply model. In this chapter we aiiyi propose a limited number of supply determisant
Then, we use statistical analysis to select therdehants which are the most relevant for specifydattie
supply. We prefer this approach because we canlyhardygest, without the analysis, which supply

determinants are most appropriate to estimatescautbply in the future.

We develop a supply equation for every cattle aatedsteers, heifers, breeding cows and calvesst,Fi
we specify which variables we believe to provide best explanation of cattle supply fluctuationsef®
we perform stepwise regression analysis on eatheosupply series. It results in a selection ofaldes
that are the most relevant for specifying cattlepdyy We report the estimation results per category
tabular and equation form. Finally, we interpred tiesults by focusing on the sign of the deterntsaf
positive (negative) sign suggests that a determiispositively (negatively) related to the supolfy a

particular cattle category.
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4.3 Model specification

In prior chapters we described the characterigifcsattle operations. Fluctuations in the supplycattle
categories arise from a number of measurable inflee With help of the flow diagram of cattle
production (Appendix B) we hypothesize that thexestethree important determinants of cattle supply
changes. Figure 13 gives a simple version of tbeywtion process of a cattle producer. The flovgdian

is applicable to every cattle operation. The ainthi$ chapter is to test whether the cattle refetiips
mentioned hold and how they hold over time.

Supply of young Supply of old animals
Cattle Seller animals Cattle

inventory Operator Cattle Buyer

Feed

Feed Producer

Figure 13: Simplification of flow diagram of cattigerator

A cattle operator uses two important sources ofiip raise animals. In the first place the oparato
receives young animals from another cattle oper&econdly, he buys feed from a feed producer.llifina

a cattle operator sells its animals to cattle bsiyéris can be either a slaughter house or anaihte
operator. The total number of cattle in inventofyte cattle seller represents the replacemeniiovg of

the cattle operator. To make the model completecare include a death loss rate to affect the supply
relationship. Since the death loss rate is almosstant over time, we do not take into accounttdesies

into our supply relationships. The following catdepply model was developed on the basis of these

relationships. We believe that the mentioned deteants are most relevant for the supply of cattle.

Summarizing, we expect that monthly cattle supplsponds mostly to changes of three variables: €l) th
price of corn, 2) the price of cattle sold to thatie buyer and 3) the number of animals availdbte

replacement (inventory of the cattle seller).

So far we presented the essential cattle suppbriiants. We express all determinants in quabtdia
variables. Supply can be measured as the totalhtveigall animals being slaughtered ¥&). Supply

responses to changes in three variables:
« price of slaughtered animals {P"?)
» price of input costs, corn prices,/{P),

« replacement inventory, number of animals on st@ick;®"™?).
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We assume that variables in the supply equationirsear dependent. We express the explanatory guppl

equation as:
4.1 Sanimal =f (Panimal ,Pcorn, |nvanimal)

In total we use four supply equations to explam skipply-dynamics of four different categories attle.
To test whether relationships exist between théalbes on the left- and right hand side of the ypp
equation, we use a linear regression techniquedbaseordinary least squares (OLS). According to
Alexander (2003), linear regression models aredasea relationship of the form:

4.2 Y =0y X ta, X, +ota X, +e
On the left-hand side, Y is the dependent variaolé on the right there are k independent variaKlgs
X,,..., Xk. These are also called explanatory variables. cbadficientsay, a,,..., ax are model parameters
and each one measures the effect that its assbdmtependent variable has upon Y. It is convetioo
assume X=1, so that the model has k coefficients, inclgda constant;. Besides the error term is
expressed as. The purpose of the regression is to find estaif the true parameter values and
predictions of the dependent variable using datdhendependent and independent variables (Alexander
2003). Our explanation of price-theory in Sectio 8tates that supply and demand can be in equitibr
via a price variable. There is one quantity and pree wherein supply and demand is in equilibridra.
find the equilibrium level of supply you plug ingtequilibrium price into the supply equation. le fiirst
equation we consider that a combination of diffeiedependent variable levels is reflected in thpply
of animals slaughtered. We write the supply equaf.1) in the form of the regression equation 4.2
This gives us the supply equation (4.3).

43 SEnmal = 4 PANIMAl 4 pEOM oy animal o
Our aim is to estimate values of the model pararse®, o;, a, and a3 ) to measure whether the
independent variables {P™, P°" Inv®"™) show strong relationships with the dependeniatzdei (3"™).
Supply equation (43) estimates the relations okjpethdent variables to slaughter supply in or near
equilibrium. We assume that markets are in or megpiilibrium at a certain level. Nevertheless, mtgke
and supply levels are not always near equilibriltinis through a shift in independent variables ttie
market equilibrium changes and reaches a diffesapply level. We want to assess how markets behave
towards new equilibrium levels. In other words, @gestion whether a positive (negative) shock of an
independent variable can lead to a shock in them#gnt variable. Consequently we modify the supply
equation (4.3) by considering the percentage diffees in price- and volume changas Where

Pt—l

In other words we consider the percentage diffexeincprice and volumes of the dependent variable
variable ("™ and all independent variable$TP* P°™, Inv®"™)_ The change-supply equation (4.4) is a

transformation of equation (4.3). Due to the transfation we remove the intercept parameter.

4.4 Agnimal — BlAPtanimal"' BZAPtcom +B3A|nV?nimal+8t
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General model

So far, we presented a supply equation (4.3) spagifwhich variables provide the best explanatién o
cattle supply fluctuations. We believe that supg#yerminants can affect supply over time. In otherds,

a change of a supply determinant at time t-1 céeca$upply at time t. Moreover we believe thaharme

of a supply determinant at time t can affect cadtipply at different moments in time in a differevdy
(see the time effects in Section 2.4.1). Thesesidae in line with Jarvis (1974) on cattle supply
relationships. Following this line of reasoningp@sitive change in cattle slaughter prices at tineads to

a negative change in the supply of cattle at tifie(hegative short-run supply relationship). On ditteer
hand, a positive change in cattle slaughter pra¢asne t leads to a positive change in the supplyattie

at time t+12 (positive long-run supply relations)ipWe question which lagged supply determinangs ar

suitable in determining supply fluctuations.

As a result, we create a set of supply determinantading all independent variables, with a tirag bip to
five time periods, at the right side of the suppipation (4.5).
S?nimals_m0 +i§ ay Panimal
= it
i=0

45 + 2 a,y R
i=0

+ i:f o, Invtreiplaceanimals
i=0

We use statistical analysis to decide which (layogeatiables to include in the supply equation. By
introducing time-lags we can estimate which lagfgrtors show the strongest relationships with eattl
slaughter numbers. The result is a supply equatibich only includes those (lagged) variables that
provide sufficient explanation of cattle supply.eTimethod to decide which (lagged) variables weuihel
in our model is called backward elimination. Fivge run a regression where we include all candidate
variables. Then we test them one by one for sizdissignificance, deleting any that are not sigaifit.
The most crucial aspect of operating the stepwis¢hat is to decide which variables to exclude & th
supply equations. In Section 4.4 we describe thosgdure. But first we describe the four supplyatipuns
for every animal category.
We aggregate our data into three different timdeschefore we start our estimation procedure: quart
semi-annual and annual. We simply sum up slaughietbers during three months to generate quarterly
data. We aggregate data since monthly prices angjister numbers fluctuate heavily. By aggregatiatia d
into larger time intervals we smooth out incidemqgate and supply changes. The advantage is thaiawe
focus on structural price- and slaughter volumengea. On every time scale different forces can be
involved or come to surface. As a result we perfdhm same regression-estimation for each animal
category supply-equation on three different timales. Based on equation (4.5), we construct supply

equations for every animal category (steers, tgitereeding cows and calves) of which the USDA gath
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sufficient data regarding inventory, slaughter @sicand slaughter numbers. Our main interest is to
examine, for each cattle category, which (lagged)ables provide sufficient explanation of cattigpgly.
Since quarterly data on animal inventories is neasured by the USDA and not available we do nat tak

the animal inventory variable (I into account in the quarterly equations.

Equations (1a-1c, 3a-3c, 5a-5¢, 7a-7c) represérgualply equations of different animal categorias i
absolute values. Since we measure slaughter volameésprices they are titled volume-price equations.
Besides equations (2a-2c, 4a-4c, 6a-6¢, 8a-8cgsept all supply equations of different animal gates

in relative values. We measure the slaughter volahanges and price changes in percentage diffesence

(A).

39



Steer slaughter

Volume-Price Equation

Difference Equation

i=4
SStr = o + ZalvgiPSSt{_a

i=4
ASSIf = 0o+ D, 5APSSH 4

la - quarterly ii::c; 2a - quarterly :ZZ
* Ec‘)az'mpcm'?’i + 2“2,3iAPC”‘t-3i
i=0
i=3 i=3
SStr =g+ D, PSSt ASStE = ag+ 20y gAPSStg
i=0 i=0
. i=3 . i=3
1b - semi 2b - semi-
+ Eaz,eipcmt-si + 2,0, 6APCIM g
annual =0 annual i—0
i=3 i=3
+ 2a3,6i|nVA”Strst-6i + 203 6 AINVAIISEr 4
i=0 i=0
i=2
=ay+ D0y 1PSSt §
SStE =ag + - 01,12 [12i ASStE = ag + Doy 15APSSH 5
= i=0
i=2 Ii:2
1c - annual + Zaz,lZiPCrnt_m 2c - annual + 20515 APCIN 5
i=0 i=0
Ii:2 i=2
+ 2a3,12ilnvAIIStrst_12i * i:zoa&lziAanA"Strt'l?i
i=0
Wwith i={0,...,4},
where
SSttr = Total weight of steers slaughtered in 100.000nds, at time t in months
PSSty = Slaughter price of steers per 100 pounds irdblrs, at time (t-i) in months.
PCmn, = Price of corn per bushel, in US dollars, at ti{ta@ in months.
InvAIIStrs = Number of steers > 500 pounds in inventory xQL0Aits, at time (t-i) in months
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Heifer slaughter

Volume-Price Equation

Difference Equation

3a - quarterly

i=4
San=Bo+2 B13i PSHft 5
=0
i=4
"'2 BosiPCrn;
=0

4a - quarterly

i=4
ASHfr, =Bg + 2 B1 s APSHIt_5;
i=0
i=4
+ z B2 3APCIN 5
i=0

i=3
SHfr, =Bg + z B1,6iPSHf

=3
ASHfr, =B, "‘2 B1 6APSHIt 6

i=0 i=0
3b - semi 3 4b - semi- S
"'2 B2,6iPCrng; "‘2 P26 APCIN i
annual i—0 annual i—0
i=3 =3
"'2 B36INVCIVy i "‘2 B3 6AINVCIV g
i=0 i=0
i=2 i=2
SHfr, =g + z B1,12PSHft 15, ASHfr, =84 + z B1,12APSHft 15
i=0 i=0
i=2 i=2
3c - annual + 2 B2.12PCrn g 4c - annual + z B2.12APCINY 35
i=0 i=0
i=2 i=2
+ 2 B3,12INVCIVy 1 + z B3,12AINVCIV, 45
i=0 i=0
With i={0,...,4},
where
SHfr; = Total weight of heifers slaughtered in 100.@@0inds, at time t in months
PSHfy_ = Slaughter price of heifers per 100 pounds inddfars, at time (t-i) in months
PCmn = Average price of corn per bushel, in US dollatgime (t-i) in months.

InvClv,_

= Number of calves in inventory x 1000 units,iate (t-i) in months.



Beef cow slaughter

Volume-Price Equation

Difference Equation

i=4
SCow; =y + 2 Y1,3iPCOW,_g;

i=4
ASCow; =y + 2 Y1,3APCOW, 5

5a - quarterly ::Z 6a - quarterly ii:f
+ 2. V23PCrngg; + 2, v23APCrn 5
i=0 i=0
i=3 i=3
SCow; =yo + Z Y1,6iPCOW g ASCow; =vq + Z Y1,6APCOW, 4;
i=0 i=0
5b - semi N 6b - semi- <
+ Z ¥2,6PCMyg; + Z V2,6APCIM
annual =0 annual i—0
i=3 i=3
+ 2. v36invCOW, g + 2, ¥36AINVCOW, 4
i=0 i=0
i=2 i=2
SCow; =vq + 2 ¥1,12P COW i ASCow; =y, + z ¥1,12APCOW, 15
i=0 i=0
i=2 i=2
5c - annual + Y2.12PCrMy i 6c - annual + z Y2.12APCIN 5
i=0 i=0
i=2 i=2
+ 2. ¥312INVCOW, 35 + 2. v312AINVCOW, 4,
i=0 i=0
With i={0,...,4},
where
SCOV\! = Total weight of beef cows slaughtered in 100.pounds, at time t in months
PCow_ = Slaughter price of cows per 100 pounds in U%adsl at time (t-i) in months
PCmn, = Price of corn per bushel, in US dollars, attifri) in months.
InvCow._; = Number of breeding cows in inventory x 1000 synét time (t-i) in months.
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Calf slaughter

Volume-Price Equation Difference Equation
i=4 =4
SClvy =g+ 2, 1y 5PSClV 5 ASClv; =g + z H1 5APSCIV, 5;
7a - quarterly i: 8a - quarterly :2
+ 2. Ha5PCrng + z Ho 3 APCIM 5
i=0 i=0
i=3 i=3
SClvy =pg + Z H1,6PSCIV i ASClvy =po + Z H1,6iAPSClv g
i=0 i=0
7b - semi f 8b - semi- <
+ H26PCIMg; + 2 Mo sAPCIN g
annual -0 annual =0
i=3 i=3
+ Z K3 6INVCOW, 6 +Z Hg s AINVCOW, g
i=0 i=0
_ i=2
N ASCIV, = g + 2, 1y 15APSCIV. 1,
SClv; =pg + 2 M1 12iPSCIV 1 v~ Ho - M2 2
1=0 i=2
S + D iy 15 APCT
7c - annual + 2 o 15PCIM 5, 8c - annual — H212i M2
. ’ i=
R
+ AlnvCow, 4 5;
"'2 H3,12(INVCOW, 15 o Ha.12 v
i=0
With i={0,...,4},
where
SCI\/t = Total weight of beef calves slaughtered in 000.pounds, at time t in months
PSCly = Slaughter price of calves per 100 pounds in blifas, at time (t-i) in months
PCrmn = Price of corn per bushel, in US dollars, attifri) in months.
InvCow._; = Number of breeding cows in inventory x 1000 syndt time (t-i) in months.
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4.4 Estimation Procedure

To estimate the unknown coefficients (eug. oy 31, 023, 033) in the multiple regression equations 1a-8b
we use the ordinary least squares (OLS) estimatiooedure. OLS minimizes the sum of squared dis&nc
between the observed data, and the fitted respdrm@sthe regression model. In Chapter 5 we elabora

on the expected values of the estimation paramatetshow the results of the estimation procedure.

We have to make sure that our estimation resultsvatid by checking whether all assumptions (as
proposed by Brooks (1972)) that are made for thdnary least squares estimator are satisfied. The
following assumptions are checked in Appendix E:

Assumption 1: Model is linear in parameters.

Assumption 2: The data are a random sample ofdtee generating process.

Assumption 3: The errors are statistically indepamidrom one another.

Assumption 4: The independent variables are nostamgly collinear.

Assumption 5: The expected value of the residsatero.

Assumption 6: The residuals have constant variance.

Assumption 7: The residuals are normally distridute

We use the statistical software package SAS fostatistical analysis including the backward eliation
procedure. We obtain estimations of all coefficsent, from the OLS regression procedure. The resut is
regression output with all explanatory variablear @ext step is to exclude those variables thatatdave
significant explanatory power. Since we are dealiitly different independent variables, we test ket

variable Xsignificantly improves the model, given that ahet variables are included.

Multiple linear regression and backward elimination

Multiple linear regression is a standard statistioal that regresses p independent variables again
single dependent variable. The objective is to findhear model that best predicts the dependaiahbia
from the independent variables (Be2D05). The purpose of variable selection procedis¢s select or
help select from the total number of p candidatdabées a smaller subset of, say, p-1 variables. An
efficient procedure to find the best linear modethie backward elimination procedure (Sen and Stawva,
1990).

Backward elimination tries to examine only the ‘Beegressions containing a number of variables
(Draper and Smith, 1998). Backward elimination tstavith all variables in the model and eliminaths t
less important ones one by one. The proceduregidisrmed in the computer package SAS, computes the
partial F's corresponding to each variable, giviem list of variables included in the model at tbp. If

the lowest F value falls below a preset number {ib@x o per cent point for th& distribution with the

appropriate degrees of freedom, wheres set at 5% in our case) the corresponding veriebdeleted.
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After each variable is deleted, partial F's areoreputed and the entire step is repeated with thiablas

still remaining in the model. The procedure stogsm no partial F falls below the appropriate preset
number (Sen and Srivastava, 1990). In short, tleévieard elimination procedure in SAS goes as follows

(Draper, Smith, 1998).

Backward elimination

Step 1: A regression equation containing all \weia is computed.
Step 2: The partial F-test value is calculatedefagry predictor variable treated as though it were
the last predictor to enter the regression equation
Step 3: The lowest partial F-test value, sayiscompared to a preselected significance level t
stay in the model (SLS), say.F
a) If F.< F, remove the variable X which gave rise to \F from consideration and
recomputed the regression equation in the remairanigbles; reenter step (2).

b) If F.> F, adopt the regression equation as calculated.

Example
An example makes clear how the backward eliminatiechnique is used. Assume there are three

independent variables; XX, Xs.

Step 1. Fit a model with all variables: Bg+ X1f; + XoB, + Xafz + ¢

Step 2. Calculate FEKX;, X3), F(Xa| X1, X3) and F(%| Xy, Xy).

Step 3. Suppose F{XX;, X3) is the smallest and its p-value > SLS then detgtéhen reenter
step 2 with a new model with 2 variables: Bz X4, + Xafs + ¢

Repeat steps 2-3 until all the variables in the @otave p-values SLS

Calculating the partial F-test value

We calculate the partial F-test statistic by

where

SS(reducednodel) -SS(full model)

F= SSE(fuh model) ~Fakn-t
n-k-1
SS (full model) = Sum of squares of the full model
SS (reduced model) = Sum of squares of the redonoett|
SSE (full model) = Sum of squares due to errotheffull model
k= Number of variables taken out
n= Number of observations
Foknk1 = Uppera=5% point of arF distribution withk and n — k —1 degrees of
freedom
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Next we use a statistical approach to assess whetleeclude the variable; Xrom the regression equation.
In other words we test whethgris zero, by testing the hypotheses: i, = 0 against H: f; # 0. We reject
Ho if F > Fknk1and we accept Hif F< F,yn«1. TO test the hypothesis we use the F-value asetdte
statistic. We use a one-sided F-test since thestasistic can only be positive as the sum of sepiaf the
reduced model is always bigger than the sum of reguaf the full model. This F-value reflects the
variable’s contribution to the model if it is exded. The F-value is compared to a critical valaegur
case the critical value lies at the upper 5% I¢fadlowing the F-table, using the corresponding réeg of
freedom). If F is greater than the critical value ject the null-hypothesis. Results and integpiets of

the backward elimination procedure conducted atatle models are presented in Chapter 5.

Points of discussion

Regression is a powerful tool in model building awbnomic analysis. However we have to be cautious
since it can cause misleading results. First ottedl used regression technique can only be apjflied
assume that relationships between variables aearlilAs second, we have to take care of outliers or
extreme values. OLS regression is very sensitiveuttiers especially in the case of small samptessi
Situations where in extreme observations comegtat kare described in our case studies in Chaptan6.
outlier can significantly affect the intercept aparameters of the estimated equations. A straighéial
method is to drop the observation with large resislout of the dataset and reestimate the equéfius.
method is arguable since the data of the outliarspgrovide important information. Another solutisnto
obtain more data rather than drop observations.taromethod is to construct a dummy variable
representing an observation suspected to be aieroatid include it in the regression. At last, ves aise

an alternative method for OLS such as WeightedtLggaares (WLS) or Two-Stage Least Squares (2SLS)

regression analysis.

4.5 Data

45.1  Sample period and target population

In this study we use monthly time series data fpedod of 35 years, beginning at thédf January 1970
and ending at the 81of December 2005. Monthly data are collected freeweral publications of the
United States Department of Agriculture (USDA) dgrithis period. We only apply our research to this

period because the USDA counted and publishedid#ite same manner during this period of time.

45.2 Data collection

Animal prices and slaughter numbers are colleatedh the monthly USDA “Cattle-on-Feed Report” and
the USDA “Redmeat Yearbook”. The Cattle-on -Fegubreis a monthly publication that reports data on
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the number of cattle in U.S. feedlots, the numterattle being placed in feedlots, and the numhsindp
marketed for slaughter. The report is published UfDA’s National Agricultural Statistics Services
(NASS). The cattle-on-feed report is released gdlyeon the third Friday of the month, and reports
numbers as of the beginning of that month. In Jagnaad July, NASS surveys all known feedlots with
1000+ head capacities in all states. While the higntattle on feed report provides a breakdown of
inventory data on a state basis for the 17 majedifey states, cattle on feed data for all statedbiained
from the yearly red meat yearbook report, alsoighbtl by the USDA.

We consider monthly, quarterly, and annual date@mmercial livestock slaughter and meat production,
livestock and meat prices, and inventories of eattldifferent stages of their lives (calves, hesfesteers,
beef-cows). All these data are published in the Redt yearbook is yearly published by the Economic
Research Service of the United States Departmehgioulture (ERS-USDA).

Data collected on a monthly basis are:
¢ Number of commercial slaughter of cattle (by catgpo
< Average dressed weight of cattle (by category),
e Prices of commercial livestock slaughter (by catgpand
e Corn prices.

Source: Red Meat Yearbook, ERS-USDA, 1970-2005

Data collected on a semi-annual basis are:
e Cattle inventory (by category);
Source: “Cattle-on-Feed Report”, NASS-USDA, 197@20

We compute the total amount of steers slaughteirecogunds) by multiplying the number of steers
slaughtered with the average dressed weight oéer.s€Corn is the main ingredient of cattle feed &n
actively traded and as such cash-prices are agtgatited. Prices of corn are quoted at differenatiions
and for different quality levels. We focus on ther#2 Yellow prices at Central lllinois for the aih
sample period. This corn is widely used in the pitithn of cattle feed and above all its cash pritase
been reliably measured during the last 35 yeath®d¥ERS-USDA.

Time scales

Different structural forces can be active at défartime scales. By aggregating over longer tintéogs,

we can focus on structural price- and slaughteumel changes. We aggregate our data into threeslevel
before we start our estimation procedure: quadgemi-annual and annual. We simply sum up slaughter
numbers during three months to generate quartertly. Ve aggregate our data since monthly prices and

slaughter numbers fluctuate heavily.
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Cattle slaughter

Cattle slaughter (Figure 14) shows a cyclical patt@herein an increase of slaughter weight in one
quarterly period is followed by a decrease in thgtmperiod. Fed steers bring for sure the highaantty

of beef. Besides steers, also heifers and cowslamnghtered. Calves are slaughtered for its veal shows

significant lower slaughter-quantities.

Slaughter cattle prices

Beef that we eat comes from steers, heifers ands.c®nces of beef from different animal-categories
(Figure 15) move in parallel. Since heifer and istezef has got the same quality, prices move ialjghr

and at the same level. Cow beef is of lower qualitg, as such, lower in price. Veal is producednfro
calves and shows considerable higher prices forreasons. The first reason is demand-oriented. Nasl

a different taste which can increase demand, aockases its price. As second, calves can be used as
capital good (for the production of beef in a laseadium of its life) as well as a consumptive gdas

veal). This dual economic purpose increases thexddrfor calves as well as its price.

Corn price
Corn prices (Figure 16) fluctuated heavily in thstlthree decades. Corn is the main ingredienatiliee
feed. The high volatility in corn prices is depentden the planting season, the weather conditionsthe

crop quality (which can be different every crop).

Cattle in inventory

The number of cattle in inventory (Figure 17) fumtes around a different constant level for steeid
calves. Remarkable is that the number of breedowscrapidly declined since the mid ‘70s. There are
three possible causes for the decline. First oit @l possible that cow breeders became moreiefficit
suggests that breeding operators needed to usecoage less breeding cows, to deliver the same aumb
of calves every year. In other words, producertlifaxd their cows e.g. every year instead of evagond
year. The second reason can be that the importlués increased during the years. The third and las

explanation would be that the dairy sector becamm®ie important supplier of cattle for the beefuistly.

What we do observe is that besides the rapid dedatiroreeding cows, cattle slaughter prices (Fiduse
show a significant increase in the same periodmalker amount of cattle in inventory can lead tghtr
slaughter prices since less animals are availablelaughter in the short run. In the long run lineer
number of breeding cows available can lead to sirathigher slaughter prices as the total supplsattie

diminishes.
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Figure 14: Cattle slaughter

Measured in total weight of cattle slaughtered @aupds per animal category, quarterly data.
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Source: USDA, RedMeat Yearbook
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Figure 15: Slaughter cattle prices,

Calf prices are discontinued and data are availalfeil 1995, quarterly data.

Source: USDA, RedMeat Yearbook
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Figure 16: Corn prices,
Central lllinois, #2 yellow corn, quarterly datao&ce: USDA RedMeat Yearbook
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Figure 17: Number of animals in inventory,
Data measured on the 1st of January, annual data.
Source: USDA, cattle-on-feed report

4.6 Results

We perform the backward elimination technique fecethe ultimate most significant estimation mofibe|
cattle supply at different stages of their livedtirdately, we have left those variables with sigraht

explanatory power. Results and interpretationdefresults are described in the Chapter 5.
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4.7  Conclusions and summary

Main objective of this chapter was to describe phecedure of how to uncover relationships between
(changes in) the total weight of cattle slaughtexed (changes in) the exogenous variables: slaughtie
prices, feed costs and number of cattle in invgntdioreover we put main effort in uncovering
relationships with respect to the factor time. Hos reason we modeled the relationships with dbffie
time lags and time scales (quarterly, semi-annuallg annually). First, we estimated parametersHer
models containing all independent variables. Them estimated, using backward elimination technigues
which variables to eliminate from the model. Asutesve build two times 12 different models to esiim
cattle slaughter of a particular category (steleesfers, cows and calves) aggregated at threergliffdime
scales (quarterly, semi-annually and annually). #8epared our results with four general hypotheses
based on our structural cattle fundamentals. Soypetheses seem to be backed by our empirical a@salys
For some other statements we can not give enougderee to back the hypotheses. The next chapter tes
whether our hypotheses are considered to be traiuations wherein specific subsets of factorsuiabdy

dominate.
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5. Results and interpretations

51 Introduction

This chapter summarizes the results of applyingveitee regression methods to the supply equations of
four different animal categories. The statisticathod results in a selection of variables thattheemost
relevant for specifying cattle supply. Before wegant our results we describe our hypotheses freahn
category. Since at every animal category diffefendamental forces are active, we believe thatyever
supply equation consists of different supply deteamts. Then we summarize the results after we
performed the stepwise regression procedures. Feryeanimal category we present three supply
equations, each at a different time scale. Finalygive our interpretation of the results. The alleesult

is that we have a better understanding which (ldjgariables provide the best explanation of cattieply

fluctuations.

5.2 Hypotheses

Before we describe the estimation results of thactiral supply equations, we hypothesize on the
expected signs of the estimated parameters. Wewgplur hypotheses in the three independent Vasab
used in our supply equations. In addition, we hlipsize that there exist deviations between estinate
model parameters of different animal categoriessidss, we expect that deviations exist between the
different time lags of the independent variablest Example, the time it takes before the effectamf
operational decision (e.g. to slaughter a large @fathe cows) come to surface is dependent omnyibe of
operation. Cow-calf producers can make a breedavg pregnant or sent an animal to slaughter. There
exists a large time lag of nine months betweentithe of the (investment) decision (fertilizing thew)

and the time the decision takes effect (birth ofing calf). For other cattle producers such as diattle
operators the time lag is considered to be smadiece investment decisions can be made in a shorte

notice.

Slaughter prices

The total weight of animals slaughtered is largalgdetermined by past decisions. Cattle producdts w
tend to keep animals on feed if the marginal cddeeding is equal to or less than prices of slaegh
steers. As a consequence, the total weight ofsswlaughtered is affected by slaughter prices.okrtig
Jarvis (1974), we expect that slaughter rates lcdramal categories respond negatively to an irsgaa
prices in the short run and responds positivelgrtancrease in slaughter prices in the long ruis freans
that steer slaughter prices (P9sas well as slaughter price changaP$sty) are negatively related in the

short run §, =<0 anda, ;-.3<0) and positively related in the long run (- s> 0 ... 01 =24> 0). We assume
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that effects in the short run are instantaneouisiphe (at time t=0) or within the first period aftthe effect

occurred (e.g. at time t = -3 for quarterly data,-6 for semi-annual data and t = -12 for annadhy

Prices of corn

With an increasing price of corn, producers woutgerted to substitute to a different feed ingredi@n
would probably market animals earlier, leading tearease in the total weight of steers slaughtgsiede
animals are slaughtered on lighter weights). Ireotlvords we might expect that slaughter rates repo
negatively to a higher corn price or corn pricer@ases. In the long run we expect that higher poiges
lead to lower slaughter rates of steers. When fepdosts reach higher levels, producers can ddoide
slaughter animals earlier in their lives or to proel a lower amount of slaughter steers, sincetpraigins
diminish. In other words we expect that corn @i@nd corn price changes are negatively related to
slaughter rates in the short rup £5> 0 andoa,;-3> 0) and negatively related in the long rap; <O ...

api =24< 0). You can argue that since calves are not fegd worn, calf-slaughtering is not affected by
change in corn prices. However, also calves candmsidered capital goods (Jarvis, 1974). Calvet wil
become upcoming consumers of corn when they rdaelstatus of feeder cattle, live cattle or breeding
cows. In other words, higher feed prices put profiirgins of cattle operators under pressure, wdifgdcts
current demand for calves. This linkage of cattperations makes higher corn prices affect cow-calf

operators indirectly.

Replacement inventories

Semi-annual inventories of all steers on stock Alt&trs;) represent the replacement inventory for future
cattle slaughter. Variations in this inventory wiill consequence have an impact on the total wa§ht
slaughtered animals in the future. The slow ratéviofogical reproduction causes that a low level (o
negative change) of the replacement inventory hasgative effect on future slaughter rates. Thera i
small amount of animals available to meet up futtattle production. In other words, we expect that
replacement inventory is positively related to tibeal weight of slaughter cattle;- 3< 0 ... 03j=24< 0).
Since the larger the inventory of animals in stotie greater the total weight of animals that can b
slaughtered in the future. The time lag dependdherime it takes before the replacement invenimsed

by the cattle operator. We expect greater time fagsalf-cow breeding operations than for catdeders.

Investment good vs. consumption good

Cattle are used as investment good, to breed nawatmnin the future, or as consumption good, to be
slaughtered. Breeding cows serve a dual purposes Cas well as female calves and heifers) arenedai

to raise new animals and finally to be slaughtei@dbeef. Contrary, steers are used as a consuenptiv
good. They are retained to be slaughtered in tlae fudure. We argue that there exist differencethn
supply relationships of investment vs. consumpftimods. When the price of cows and heifers rises,

producers will retain animals to produce more eatih the future, instead of selling them to
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slaughterhouses. Instead of liquidating cows wHemn firice is favorable, cattle producers retainrthei
breeding cows to produce more animals in the futisea result, an increase in the price of slaugtdgle
will result in a decrease of slaughtered animalshi near future. In terms of our supply equations,
expect that for breeding cows, heifers and callesgter prices are negatively related to the teiht

of animals slaughtered in the short run. For staghéch only serve as consumption good, we do awth
reason to expect a short run supply relationshigxist.

Table 2 summarizes our hypotheses how the indepéngeiables are related to the total weight of

slaughtered animals, in the short run and in thg kun, following our cattle models.

Table 2: Hypotheses structural cattle supply r@aships

Short run Long run

) Negatively related to the total weight of Positively related to the total weight of
Slaughter prices ... ) )
slaughtered animals slaughtered animals

) Negatively related to the total weight of Negatively related to the total weight of
Prices of corn ... . .
slaughtered animals slaughtered animals

- Positively related to the total weight of - Positively related to the total weight of
Replacement inventories ... slaughtered animals slaughtered animals

- Larger time lags for cow-calf operators - Larger time lags for cow-calf operators

Investment goods ...

) ) - Negative price-supply relationship - Positivecprsupply relationship
(calves, heifers, breeding cows)
Production goods ... . ) . . i . . .
- Positive price-supply relationship - Positivecersupply relationship
(steers)
5.3 Results

We present results of the stepwise regressiondl so@ply equations in equation form and in tabdéam

(in Appendix C and D). First we show results of fiivst step in the stepwise regression, where all
independent variables are included in the modelpéiglix C). Then, we delete one for one the less
predictive independent variable. Assumptions madéhe OLS regression are checked in Appendix E.
Finally we present the results of the last stefhénstepwise regression in tabular form (Appendiabd in
equation form (in this section).

The reader may find it difficult to interpret thesults as presented in the next section. Diffiealtan arise
since we performed regressions on different categarf data and on different time scales. For rgadi

purposes it is necessary to keep in mind threéndt&ins of the supply equations:
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1. We distinct four different animal categories (stedweifers, calves and beef-cows)
We distinct between absolute supply levels andivelgpercentage changes of supply.
3. We distinct and aggregate data on three differené-scales (quarterly, semi-annual and
annual).
As a result we perform estimations for in totaldiferent supply regression equations. The readeuls
be aware that there exist differences in the imatgpion of the supply equations and the supplyhgha
equations. The former tries to estimate supply Withhelp of independent variables expressed adudbs
levels, wherein market prices and volumes are asdum be in equilibrium. The latter estimates clesng

of supply with independent variables expressedeasgmtage changes.

In the next section we present results of the s=joa procedures. The reader should be awaredbalts
from the regression equations are primary stasistidhe equations show which variables taken
individually or together, provide the best explamatf cattle supply. Every animal category is prasd at
a different page. First we treat the absolute egjo@ results then we present the change-resuate\ery
regression we present the results in the formefstipply equation including the estimated pararaefdt

equations were obtained after eliminating thoséatées that show the smallest contribution to thoeleh.

Under every equation we show the t-statistics betwerackets for every estimated variable. The teval
gives an indication whether the estimated paramistsignificantly different from zero. A very high
statistic indicates that a parameter is a very ljiglgnificant determinant of future slaughter ratée t-
value is the estimate divided by the standard exram formula:
b-b
t=
se

Where bis the (estimated) observed paramelteis the parameter under the null-hypothesis (in case
b=0) andseis the standard error. We only show the t-statistis the partial F statistic is the square ot the
statistic corresponding to each variable. Hence pgrababilities obtained and the decisions taken are
identical to using the t statistic.

Furthermore we give for every regression equatienR-squared @ This value measures the percent of
variation in the dependent variable that can bewat®d for or “explained” by the independent vaeaab

A low R-Squared can signal that our equation iseqlaining the variability of the dependent vatéab
Appendix D provides the correlation matrices tovghwhether the variables on the right hand sighthef

equation are independent of each other.
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Steers supply equation - Estimates of structural agations
Quarterly: absolute levels - Observations = 138
SStg = 3521 — 14.3 PSStr+ 15.2- PSStys — 130.3 PCrng
(30.29) (-4.28) (4.65) (-3.46)
R=0.17, F=10.41

Semi-Annual: absolute levels - Observations = 63
SStf = 4146 + 14.3 PSSty5— 331.7- PCrng + 0.15 InvAIIStrs.q»

(3.83) (2.54) 2.89) (2.60)
R=0.18, F=4.31

Annual: absolute levels - Observations = 32
SStf = 1682 + 0.692 InvAIIStrs.1»

(0.65) (4.37)
B=0.38, F=19.13

Quarterly: Percentage differences - Observationk38
A SStg = -0.40- APSSty
(-6.83)
R= 0.25, F=46.79

Semi-Annual: Percentage differences - Observatio62
A SSty=-0.16- APSSty— 0.17- APSStfg+ 0.07- APCrn + 0.22: AlnvAllStrs,
(-4.06) (-4.26) §9) (6.02)
R= 0.56, F=20.63

Annual: Percentage differences - Observations = 32
A SSty=-0.19- APSSty
(-2.81)
R= 0.18, F=7.87

With i ={0,...,4},

where

SSt[ = Total weight of steers slaughtered in 100.000nds, at time t.
PSSt = Slaughter price of steers per 100 pounds irdblrs, at time (t-i)
PCm,_; = Price of corn per bushel, in US dollars, at tifti@

InvAIIStrs = Number of steers > 500 pounds in inventory xQL0Aits, at time (t-i).

56



Heifer supply equation - Estimates of structural egations
Quarterly: Absolute levels - Observations = 138
SHfr, = 1269 — 11.1 PSHfts — 93.1- PCrn

(30.29) (-4.28) .68)

R=0.31, F=30.32

Semi-annual: Absolute levels - Observations = 63
SHfr, = -985 + 73.2 PSHfts — 0.20- PCrn + 0.29: InvClv; + 0.27- InvClv,¢4

(-2.29) (2.77) 348) (9.84) 877
R=0.78, F=56.85

Annual: Absolute levels - Observations = 32
SHfr, = 1876 — 450PCrn + 73.5- InvClvi.1»

(3.05) (-2.91) (a0)
R=0.87, F=101.99

Quarterly: Percentage differences - Observationk38

A SHfr, = -0.28: APSHff, + 0.26- APSHfk.¢ — 0.20- APSHff_1,
(-4.32) (4.26) (-3.24)
Re 0.34, F= 24.67

Semi-annual: Percentage differences - Observatiof2
A SHfr, = -0.38- APSHf — 0.23- APSHfi.1,+ 0.19- APCrn.1g+ 0.19- AInvClyv;
(-4.50) (-2.76) (3.84) (3.44)
R= 0.43, F=12.56

Annual: Percentage differences - Observations = 32
A SHfr, = 0.14- APCrn., + 0.68- AInvClvy.q>
(4.11) (3.93)
R= 0.49, F=16.35

With i = {0, ...,4},

where

SHfrt = Total weight of heifers slaughtered in 100.@@0inds, at time t.
PSHf_; = Slaughter price of heifers per 100 pounds inddBars, at time (t-i)
PCm,_; = Average price of corn per bushel, in US dollatgime (t-i)
InvClv,_ = Number of calves in inventory x 1000 units,iatet (t-i).
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Beef cow supply equation - Estimates of structuradquations

Quarterly: Absolute levels - Observations = 138

SCow =902 — 87.8 PCow.;, + 88.6: PCrng + 65.2- PCrn.q,
(16.3) (-9.69) (3.26) (2.48)
R=0.48, F=42.92

Semi-Annual: Absolute levels - Observations = 63
SCow = 845 — 10.6 PCowg + 0.4: InvCow.g

(1.60) (-2.83) H3)
R=0.56, F=39.90

Annual: Absolute levels - Observations = 32
SCow = -1461 + 384.5PCrn.q, + 0.12: InvCoW_24

(-2.28) (3.04) (6.86)
R=0.65, F=31.73

Quarterly: Percentage differences - Observationk38
A SCow = -0.36- APCow — 0.29- APCow 3 — 0.39- APCow.,
(-4.50) (-4.32) (-4.98)
R 0.42, F=33.73

Semi-Annual: Percentage differences - Observatiof2
A SCow = -0.31- APCow.;» + 1.74- AInvCowg
(-4.60) (3.96)
R 0.57, F=42.19

Annual: Percentage differences - Observations = 32
A SCow = -0.31- APCow.;5 + 0.24- APCrn.;o+ 1.05- APCrn.p,
(-5.21) (3.96) @5
R 0.69, F=25.28

With i ={0,...,4},

where

SCon = Total weight of beef cows slaughtered in 100.founds, at time t
PCow_; = Slaughter price of cows per 100 pounds in USadg| at time (t-i)
PCm,_; = Price of corn per bushel, in US dollars, attifti)

InvCow_ = Number of breeding cows in inventory X 1000 st time (t-i).
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Calves supply equation - Estimates of structural agations
Quarterly: Absolute levels - Observations =138
SCly; = 270 — 1.36 PClvi.3 — 0.63- PClv 1,

(26.5) (-7.73) (-8)0

R=0.79, F=139.81

Semi-Annual: Absolute levels - Observations =63
SClv;, = 446 — 1.2 PCly — 2.5- PClvg + 2.3 InvCow_15

(9.51) (-2.13) (-5.33) (3.30)
R=0.85, F=67.51

Annual: Absolute levels - Observations =32
SClv; =503 — 4.7 PCly + 0.01- PClv; 24
(3.55) (-3.79) (5.14)
R=0.80, F=24.61

Quarterly: Percentage differences - Observation8&1
A SCly = -0.50- APClv.3

(-6.34)

R= 0.35, F=4.51

Semi-Annual: Percentage differences - Observati@s
A SCly = -0.33: APCIy; — 0.46- APClv¢ + 0.15- APCrng— 0.09- AInvCow

(-4.05) (-6.02) (2.80) (-4.03)
B=0.70, F=21.95

Annual: Percentage differences - Observations =32
A SCly = -0.63- APCly; — 0.41- APClv;.1

(-6.49) (-4.20)
B=0.78, F=30.30

With i = {0, ...,4},

where

SCI\)‘< = Total weight of beef calves slaughtered in 000.pounds, at time t,
PSCly_ = Slaughter price of calves per 100 pounds in bifars, at time (t-i)
PCm,_; = Price of corn per bushel, in US dollars, attifti)

InvCow_ = Number of breeding cows in inventory X 1000 snét time (t-i).
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5.4 Interpretation of results

The stepwise regression procedure resulted indimation of structural supply equations. Some \de®
were included and some were not (based on signidialevels). The procedure yielded estimated
coefficients for all supply variables. Our main tisclies on the sign of the coefficients, which sesig
whether a variable is negatively or positively tethto the independent variable. Finally we chebletiver
relationships as proposed in the cattle model {eeeflow diagram in Appendix B) hold, how animal

supply within the model is related over time andolifdeterminants are most significant.

For the regression-models of absolute data we faawed slightly different results than in our relatidata
regression models. We faced higher correlationsdwn the dependent variables for the absolute ggtge
data. Correlation tells us how one variable comess to changes of another. Highly correlated bée&

in the regression model can upset the model ambittetalse interpretations and conclusions.

Some of the regression models are more signifittaan others. Moreover we faced high t-values fer th
intercepts at the minority of the equations. Theetais most worrisome; since we can interpret thast
variation can be assigned to the intercept andmeéhe dependent variables. In the results we piiyna
focus on those models which are statistically sigant, illustrated by a high adjusted R-squared.

We were surprised by extreme high R-squares, faresmodels up to 0,87. It suggests that the explapat
value of the dependent variables is extremely gédsb the residual plot did not reveal any probleins
our perspective we believe that these results sthatvwe are at the right direction of choosing &os
variables which are a good predictor of futureleagtipply. In the following section we primarilycias on

the signs of the estimated regression parametees.sWow whether our research results match our

expectations and hypotheses.

Supply of slaughter steers equation

The coefficient of the slaughter price of steerssarprising since it yielded an unexpected sigar O
regression results suggest that price changesaafjister steers are negatively related to the supply
slaughtered steers in the short run. This resulbisin line with our expectations. It suggests ttaers,
which are actually consumption goods, face the gaice-supply relationships as animals that arel @se
investment goods. The signs of the price of comffaments showed mixed results. They were notuded

in all supply equations. Furthermore the sign @f piice of corn is negative in the absolute (elytiiim)
supply equation and positive in the change supplyagon. A negative corn price — supply relation
indicates that an increase in the price of cornltesn a decrease in the supply of steers. Thessij the

total inventory of steers are positive, which idifre with our expectations of Section 5.2.
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Supply of slaughter heifers equation

We find mixed signs of the coefficients of estinthfgrice in the heifer supply equation. Signs of the
coefficients are mixed; they are either negativeasitive in the long run and in the short run aednot
confirm our expectations. We find negative coeffits for the price of corn in the short run. Thasfirms
our expectations of Section 5.2. In other wordding evidence that high corn prices result in adovotal
weight of slaughter heifers in the short run. Repfaent inventories are statistically significant am
positive sign is estimated for coefficients in tbag and short run. In other words, an increasiéntotal
inventory of calves leads to an increase in thal teeight of heifers slaughtered in the long anthimshort
run. We remark that the absolute heifer regressimws an extremely high R-squared, suggestingthieat

proposed model fits very well for the semi-annuad annual models.

Supply of slaughter beef cows equation

Coefficients of the price of beef cows are negdyivelated to the supply of beef cows in the shart.
This result meets our expectations. Lagged beeéprihanges are not only negatively related on floet s
run, but also on the long run (time lag up to 12nthe). This time lag is considered to be largentha
expected. Apparently there exists a negative migmly relation with a greater time lag than other
animals. This large time lag is arguable since lbeefs are considered to be investment goods. i iti
takes before a decision takes effect can be asdsrbe gestation period of the cow (9 months). fithe

lag of the cow price variable is considerably gee#ttan other animals.

Also the signs of the prices of corn coefficienerevdifferent than our expectations. The sign$iefgrice

of corn were negative in all cow supply equationghie long run. In other words, if the price of or
increases, then the total supply of beef cow deseea the long run. A rise in the price of corsufes in
lower profit margins for cattle producers if theebgrice stays the same. In effect, beef-cow predtc
might reduce their herds in the short run. In tbegl run cow producers have left fewer animals for
slaughter purposes. Lagged replacement inventarepositively related to the total weight of beefvs

slaughtered. The signs of these last variablegdiee with our expectations.

Supply of slaughter calves equation

All calves supply equations show high adjusteduasgs. In other words, the variation in the depehde
variable can be explained with a high degree bydéygendent variables. The estimated signs of tlie ca
price coefficient are negative. This is in line wibur expectations. Calves consist of female antk ma
calves. Female calves serve a dual purpose, tleegitirer used as capital good or as consumptiod.goo
The dual purpose character of this animal group loana clarification for the negative price-supply
relationship to exist. The corn price variablexsladed in most of the structural supply equatiofich
can give evidence that the corn price variable dusshave a significant relationship with the syppft
slaughter calves. This is in line with our expeotad, since calves are less dependent on corndtiem

animals. Most calves are weaned by their motheddeshon the nutrition of grass from grasslands.
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5.5  Conclusions and summary

This chapter aims to give a better understandinguatwhich (lagged) variables provide the best
explanation of cattle supply fluctuations. The @leobjective was to obtain a better understandifhithe
fundamental causes of cattle supply fluctuationg Méntify, measure and analyze the most significan
determinants of cattle supply. Based on a structatile supply model we estimated the dependericy o
(lagged) variables (price of slaughter animalsggoief corn and the size of the replacement invghtior

the independent variable (cattle supply). The aialys based on fundamental data obtained from the
USDA in the period 1970-2005. First we draw expeotes in what manner dependent variables relate to
cattle supply.

We find evidence for a short-run negative priceptyprelationship for all animal cattle categories.
Surprisingly also steers show a short-run negatiygply relationship. When the price of slaughtdtlea
rises, producers are willing to retain animals todoice animals in the future, instead of slaughtethem
instantaneously. An increase in the price of sléamghnimals would result in a decrease in the suppl
slaughtered animals. We find that the short ruratieg supply relationship affects the total lifeckey of
cattle. Animals that serve a dual purpose (calhesfers and calves) and animals that serve a single

purpose (steers) show negative price-supply relships.

We find mixed results for the relation of corn tttee supply. In line with our expectations corroisitted
from the calves supply equation. Since calves atelependent on feed prices, as calves are raisttly

mothers and mainly fed by summer grass. For aéraginimal categories we find mixed results.

The sign of the dependent relation is in line vathr expectations. We find a positive relationshiimeen
replacement inventory and the supply of cattle,dbanimal categoriesn the long run a positive supply
response is less evident for all cattle categoNeseover we find evidence for a positive supplgpense
to changes in cattle inventory. In the last chapterwill elaborate on implications of the estimagegbply

equations for cattle traded at futures markets.
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6. Case Studies

6.1 Introduction

In this section we describe two events that hadifsignt market impact on cash and futures prices o
cattle- and cattle related products. The first évsrweather related: a severe drought in the sunohe
1988 heavily affected cattle operations. The seaoraht is disease related: the discovery of BSHimwit
the borders of the US. Before we begin our casdystwe give an overview which relationships and
hypotheses we will consider and test on the datdentime of the extreme event. Finally, we conside

whether the relationships of fundamental cattlep§udiscovered hold, as found in Chapter 5.

Final goal of this chapter is to check whethertrefships (over time) of our proposed cattle mduzd

(see flowchart in Appendix B). The goal of Chapteand Chapter 5 was to check whether the proposed
supply relationships hold (over time) in the casarkaet. In the next section we incorporate the fesur
markets in the cattle model. Our goal is to testtivar cattle relationships as proposed in the fiagram

not only hold at cash markets but also in futureskets.

Price research of cattle futures can take plaagmany forms. For example we can use a broad vaoiety
econometric techniques, mathematics or simply im&gn to uncover relationships between prices. It
makes it possible to find that there exists a gfrimmm of relationship in price movements: e.g.alihcases
that the price of a nearby live cattle futures cactt shifts, the feeder cattle futures moves iéam We
can measure the strength and direction of a linglationship between futures prices by calculating
correlation value of two futures contracts. Thesghhiques have some important limitations. One lprab
of the research technique described, is that gra®avior of futures is explained on an averagesbasi
Besides we neither know whether price changesharessult of some random behavior or white noise. W
claim that during an extreme event a specific subkéactors arguably dominates. The dominant ficto
expressed as variables can then be easily meagtoedxample in most “average” situations, changfes
variables do not come to surface since they amegrézed as white noise or random behavior. Theetie
an extreme event can be measured more efficidntlgormal market situations, prices are influenbgd
other markets, news feeds, and all other phenombieh affect supply and demand. In case of an eére
event, it is easier to ascribe a particular cause its price reaction at a particular moment inetim
(excluding all noise). In extreme events, it migietur that relationships in commodity prices come t

surface.
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6.2  Case Study: the drought of 1988

Weather conditions are of great importance to dtedl supply and quality of a crop and ultimatelygrice.
Uncertainty and weather go hand in hand. Agricaltyroducts like grains and cattle can be struck by
heavy moisture, droughts, winds (hurricanes), fto@hd many more catastrophes. In this section we

elaborate on a drought incident which hit largagaf the U.S. agricultural sector, the drought 888.

Droughts in general

Following the USDA'’s definition, droughts are meit shortages leading to damaged crops or pastures,
high wildfire risk or water shortages. Drought isxarmal, recurrent feature of climate. It occumnadt
everywhere, although its features vary from regmmegion. When a drought occurs, the impacts elte f
first by those most reliant on annual rainfall,nfiérs and ranchers. Drought can affect the catt®os@
several ways. Animals are hit by extreme tempeestdairectly and by limited water supplies. Indihgct
animals can be hit by shortages of grains (fedféytefd by the drought. We distinguish cow-calf eiens

from feedlots. The former depend on feed from gtasds and use very little grains. The latter aghlly

dependent on grains in the feeding process.

An effective method to reduce negative side effeftshe drought is to reduce inventory. First, most
vulnerable animals can be sent to slaughter, ssafidabreeding cows and animals that are unprogRicti
Second, other vulnerable animals are cows and salecow-calf operations. Extreme droughts carcaffe
pastures, resulting in insufficient grass and ferag feed for all animals on farms. The decision to
slaughter cows and calves is easily made with migetl prices on the horizon. The last group ofreté
which are affected by the drought, are those amidapendent on feed crops, such as corn and sa/bean
Lower corn and soybean supply will drive prices wupich affects feeding costs in the future. Feedlot

operators can decide to send steers to slaught@resince higher feeding costs suppress profitgims.

Measurement of drought

To objectively assess and show a regions weathatittons we use the Palmer Drought Severity Index
(PDSI). Following Palmer (1965), the PDSI is aeefion of how much soil moisture is currently aahble
compared to that of normal or average conditionee TPDSI incorporates both precipitation and
temperature data. The index accounts not only dpply, such as the levels of rain or snowfall water
equivalent. It also accounts for demand, such as inoch water is lost through the movement of water
through the air, soil, consumption by plants, agtice and industry. The PDSI is commonly calcudadé
monthly time steps, and is published by the Nati@eeanic and Atmospheric Administration National

Climatic Data Center.
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The drought of 1988

Every year parts of the United States are affedtgddroughts. The drought of 1988 was not only
exceptional because of its length, high temperafued low humidity. It was maybe more extremeesihc
hit almost all agricultural regions in the Unitetht®s. Figure 18 makes clear, using the PDSI,aimadst

all agricultural regions of the United States fasedreme weather conditions in the summer of 1988.
During the summer months 45% of the US were expeing drought or severe drought conditions,
measured with the PDSI (see Figure 18).
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Palmer Modified Drought Index
June, 1988

Palmer Modified Drought Index
May, 1988

National Climatic Data Center, NOAA

Palmer Modified Drought Index
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Mational Climatic Data Center, NOAA \{'
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Palmer Modified Drought Index December, 1988
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National Climatic Data Center, NOAA National Climatic Data Center, NOAA

Figure 18: PDSI U.S. drought index maps
Maps showing the most affected regions by drought May until October 1988. The map is based on the
Palmer Drought Severity Index. The legend can badmn the next page. Source: National Oceanic and
Atmospheric Administration National Climatic Date@er, www.ncdc.noaa.gov.
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The Drought of 1988

The next chronologic summary of events surroundiey1988 drought is based on Caaikal.,2007 and
the Minnesota Department of Natural Resources anibn of Waters report published in 1989. In the
winter of 1986 the North American climate appeat@adhange. During the previous decade, the United
States experienced some of the most humid conditiohistory. During those years, not drought, flndd
was the predominant weather related concern fondes in the US. Unexpectedly, conditions changed in
the winter of 1986-1987. Several states sufferedesof the warmest and driest weather in historymeas
were prepared for the worst in the summer of 188Xvever conditions turned towards them, when iy Jul
1987 heavy rainfalls supported high yields of crofiso in April 1988, many states suffered unusir
weather. In the following months weather conditiges worse, leading to the worst drought ever. dtist
temperatures and humidity records were set. It toai the first week of August 1988, for wet weeith

conditions to change a little bit. However, thisswao late to save large parts of US crops.

Grain Prices
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@ 100 -
50 1 0,50
0 0,00

Jan- Apr- Juk Oct- Jan- Apr- Jul- Oct- Jan- Apr- Jul Oct-
87 87 87 87 83 8 8 8 8 8 89 89

— Price Soybean Meal— Price Corn #2 Yellow

Figure 19: Grain prices, soybean meal and corn
Source: USDA
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Cattle Inventory
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Figure 20: Cattle inventory in 1000 heads,
Source: USDA

Reports on grain production of the USDA on tfieol August showed an expected decrease of 31%eof th
national grain production (the lowest level sin€Q). In comparison with 1986 total production éarn
was down 37% and that of soybean was down 23%.shbetfall in grains production did not lead to
disastrous scarcities. First, there were sufficistiicks available from the previous harvest. Second
domestic demand shred as livestock producers Egeidheir herds. Finally, major export countries of
grains faced larger crops than other years. Howtheedrought had a major effect on grain pricegyFé
19). We expect that livestock producers were hgaffected by the severe drought in the summe©8B81
The effect of the drought was less visible if welaat cattle inventory and placements figures. g t
beginning of 1988 the cattle herd was already srflalest cattle inventory level in history). In the
preceding years, producers already began to litgiiti@ir breeding cows (see Figure 20). The coresecpi
was that demand for pastures was not that gread. rAatter of fact only a small number of beef covese
slaughtered during the drought. Effects of the dhbuvere felt the longest time by cow-calf operstor
Those operators tried to expand their herds irydas following the drought. For this reason heifeere
kept for breeding by operators. Herd expansiongeduhe number of heifers available for feeding989
and 1990. After 1990 total cattle inventory showsedapid increase. Although the US experienced an
extreme drought we do not observe large changeattte inventory, placements and marketing figunes

the year of the event (see Figure 21).
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Cattle placements and marketings
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Figure 21: Cattle placemens and marketings,
Source: USDA

However, two years after the drought, the samedigiincreased rapidly. In this case there exititva lag
between the moment a drought takes place and aatdatory, placements and marketing figures change
Our figures suggest that a drought does not hawega impact on cattle inventory and marketingshis t
short run. However, the same figures suggest ttdibaght results in huge changes in cattle invéggor

and marketings in the long run.

Wholesale Beef prices
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Figure 22: Wholesale beef prices,
Source: USDA
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Cattle feeders were affected more instantaneouslyhé® drought. As higher feed (grain) prices insezh

the cost of feeding, cattle feeders dropped pribeg were prepared to pay for feeder cattle. Bexads
high feeding costs, livestock producers boughtleat heavier weights and fed them for fewer days.
Furthermore cattle-operators were faced with higheding costs, which heavily pressured cattleifsrof
The combination of rebuilding the breeding herd kvd profit margins due to high feeding costs, tedh
lower number of cattle marketings (animals soldstaughterhouses) in subsequent years (Figure 21).
Apparently the effects for the cattle sector of '8 drought were more visible in the long run,rtha the
short run. Whether or not the drought directly etiéel consumer prices of beef is hard to say. Wieatan

observe is that after 1988 wholesale beef pricatimeed to increase until 1991 (Figure 22).

Futures market and prices

The drought could stir up heavy inflation due t@rshges on agricultural products. Cash prices afiyna
agricultural products (particularly grains) skyretéd following the drought. The severe drought imagbr
effects on supply and prices of agricultural comities.

In this section we take a closer look at the pliebavior of futures contracts before, during andrahe
drought stroke the US. We shall have a look at foajor futures contracts related to cattle: livétlea
feeder cattle, corn and soybean meal. For everggoay we elaborate on the factor time. Since price
behavior can be measured at different time horizamsaday, weekly, yearly) we consider the futures

prices at different time aspects.

Live cattle futures

Take some time to have a good look at Figure 23irgttsight the two graphs appear to show randaoep
behavior of two independent futures contracts.dftake a better look, we see extraordinary pridebier

of different futures contracts with the same unged commaodity. The graph represents the Live €attl
Aug 88 and Live Cattle Jun 89 contract. When bathtacts are active, prices move in parallel uhi

first week of June 1988. The deferred futures @mitidecreases by almost 10% to the end of June.
Contrary, the nearby futures contract moved upwardbe same period. Normally we would expect that
futures prices are positively cointegrated. It sedhat in this situation the relation-structurepoices of

live cattle futures contract changed.

How is it possible that price relationships of fetsl contracts suddenly moved against each othév@ T
price movement is a good example that investorsildhibeat every futures contract independentlys &
perfect example of the first time effect as presérib Chapter 1: Prices of futures contracts with game
underlying asset but with different maturities (e.gve Cattle Aug 88 vs. Live Cattle Jun 89), caaat
differently to the same market event, at the same.tReason for the discrepancy is that the cotstrdo

not represent the same physical underlying commo@if course the underlying product is the same in
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name, we are both dealing with live cattle: fattbng cows and steers that are ready for slaughter.
Nevertheless we should make an important distindbietween the two contracts. A trader, who entegs t
nearby contract, obliges himself to buy or sekloattle in August 1988. A trader, who enters tbfeided
contract, obliges himself to buy or sell live catih June 1989. The big difference is that botrieg do
not represent the same fattened animals at the sament in time. Apparently there exists a diffeein
expected price of live cattle that will be delivéria the near future and live cattle that will bedidered in
the far future. One of the reasons for the pri¢edinces to exist is the difference in expectgapsuand
demand at the time of delivery.

The concept of cost of carry is useful to explaia telation between deferred- and nearby futurasracts
and spot prices. The cost of carry is the storarmg of the underlying asset plus the cost of fimamdt
minus the income received from it. In the caseafsumption assets (such as live cattle), the fatpriee

is greater than the spot price by an amount réflgahe cost of carry net of the convenience yigidill,
J.C., 2006). Wherein the convenience yield is tleasare of the benefits from ownership of an a$sst t
are not obtained by the holder of a long futurestraet on the asset. The cost of carry of liveledtitures
contract are for example the cost of maintaining delivering live cattle. A farmer who is selliniyd
cattle with a futures contract should meet the remt$ specifications, animals should be propertydad
delivered at the correct location. You can imadhwst during the drought, the cost of carry for defée live
cattle futures is higher than nearby futures. Styws on animal feed during the drought made ieratary
expensive to feed live cattle during the whole semrimstead of delivering animals earlier.

Higher feeding costs and devastated grasslandsxeanally lead to higher liquidation levels of cattl
(beef-cattle as well as dairy cattle). In contréi®, price decrease of nearby futures contradisersummer
of 1988 is not fed by an instantaneous raise irsthply of slaughter cattle. Slaughter figures s@ystant
during 1988. However major effects in the cattleteebecome visible in the long run. The combinatid
rebuilding the breeding herd and low profit margige to high feeding costs, led to lower cattle
production in 1989 and 1990. This is in line witle tdeferred futures contract price, confirming higher
price of the deferred futures contract. In the lomg, supply is under pressure since operators tieedto
rebuild their herds.

Live Cattle Live Cattle
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Figure 23: Live cattle futures contracts,
The left graph shows indexed prices based in diitg, right are indexed price based on weekly data
Source: Transtrend B.V.
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The divergence of prices of futures contracts tplalkce during the summer months of 1988. Pricesvaco
to “ordinary” parallel behavior after the summerntits. Prices of live cattle futures contracts iasesl
rapidly, after the drought of 1988. The severe dhwf 1988 could have been an accelerator of thekq
rise in cattle futures prices in 1989 (see Figutk th the same figure we see that the volatilityhe Live
Cattle Aug 88 contract price is high during the sugn months. Ultimately the Live Cattle Aug 88 price

returns to the same price levels as other actieedattle contracts.
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Figure 24: Prices of Live Cattle futures contradiarch '88- July’89.
Source: Transtrend B.V.

Feeder cattle futures

The effect of the drought on prices of feeder edtitures was not that extreme as it was on potdise
cattle futures contracts. The volatility of priceent up rapidly in the drought period. However psof all
active feeder cattle futures contracts continuedntive together (see Figure 25). In other words, the
direction of price movements of two contracts wgsat. We see that nearby futures contracts, show a
greater price decrease than deferred futures aistréhe figures suggest that nearby futures cotstiare

more heavily affected by an extreme event thanrdedefutures contracts.
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Feeder Cattle
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Figure 25: Prices of Feeder Cattle futures contea@ugust '88 and March '89.
Source: Transtrend B.V.

In the long run we observed more volatility in figs contracts price behavior in times of the '88udht.
Overall and at the end, prices of Live Cattle fatucontracts moved up at the end of the summe38ofit
seems that the drought had a negative effect dke catpply which put prices of cattle futures cants
higher. An explanation can be that the droughtitedffects on cattle supply. The effect was thiatgs of

cattle futures at the end of the drought perioddaased to higher levels than before.

Corn and soybean meal futures

Drought does not only affect live cattle pricesrtiRealarly grain producers feel the effects of aee
drought as the hot dry weather has a devastatfegtadn grain crops. The graphs in Figure 26 shaeep
behavior of Corn futures in 1988. Prices of alnalktorn futures doubled in June 1988 as expected ¢

yields plummeted. The expected scarcity of grairthé future put corn futures contracts prices éigh
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Figure 26: Prices of Corn Futures contracts, Octol88 and ‘December '88.
Source: Transtrend B.V.

Soybean meal futures prices moved in tandem with Gorn futures contracts. The extreme drought
affected the expected soybean crop, which growthénsame area of the U.S. as corn. Apparently, the

drought was expected to affect future soybean supghich affected the price of an important soybean
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product, soybean meal. The price change appearbé siructural, as prices remained on high levels i

1989, since a lower amount of soybean (meal) ocksi@s available.

Soybean Meal: December 88
Soybean Meal: October 88
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Figure 27: Prices of Soybean meal futures: OctdB8rand December '88
Source: Transtrend B.V.

Key points
In this section we took a closer look at the phebavior of cattle futures contracts around extremaeket
events. Key findings of the extreme event study are
- Prices of live cattle futures contracts with diéfat delivery dates behaved differently during
the heavy drought conditions in the summer of ‘@@e-July 1988).
- Nearby live cattle futures contracts decreasedihap price during the summer drought
conditions. Deferred futures contracts showed @egricrease in the same time period.
- Nearby live cattle futures contracts prices conedrback, within two months, to price levels
of deferred futures contracts.
- Price fluctuations (in percentages) of grain prigash and futures) where significantly
higher than price reactions of cattle prices.
- Cash prices of cattle and cattle placements did@em to be affected by the drought, in the
short run.
- Cash prices of cattle and cattle placements sedra toore heavily affected by the drought,

in the long run.

Implications for the cattle model

One of the goals of this chapter was to check wdrette proposed relationships (over time) of odtlea
model (Appendix B) hold for the cash as well asifes markets. In our approach we focus on a suifset
factors which arguably dominates in the changeatifec supply. During the summer '88 drought, thestno
significant determinant change was the change ed farices. We saw that during the drought cash and
futures prices of feed ingredients rose signifigantt is obvious that other forces are activethe cattle
supply chain however the change of the feed prigaably dominated. In Chapter 5 we estimated that t

supply of steers is negatively related to feedeplavels in the long run and short run. Data agdrés of
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feed prices and cattle supply showed a negatiaioekhip in the short run (not in the long runheT
discrepant behavior of nearby and deferred futprégses of live cattle is in line with the expectixk
cattle price-supply response. In the short run,eloprofit margins lead to a greater supply of amhéma
which results in lower cattle prices. In the lomgrwe can expect a decrease of supply, resultirgher

cattle prices (see Figure 27 ).
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6.3  The discovery of BSE in the U.S.

The detection of BSE in a cow within the borderghef US had substantial economic impact. Before we
describe this event, it is important to become fiamwith BSE itself and the US cattle sector caiodis at

that time.

Bovine Spongiform Encephalopathy (BSE), also caléad Cow Disease, is a neurological disease in
cattle caused by proteins that create holes imthim tissue of animals. The disease can be spoecatther
animals when animals eat feed with bone meal froatreer cow infected with BSE. Bone meal from BSE-
infected cattle used as protein supplement inecéttbd is believed to cause the spread of BSE. iHsma
cannot contract BSE itself, but another relateeéalie called Creutzfeld-Jakob disease. There ialby re
low risk for human health of BSE cases with animblsmans can only be affected by eating the nervous
tissue (like its brain or blood) of contaminatednaals. Most of the meat consumed by humans is rauscl
tissue, which cannot contain BSE. Moreover, thie tasshumans is extremely low, since cattle yourtban

30 months cannot contract BSE. Actually most of eat consumed in the US and Europe comes from

animals that are younger than 30 months of age

Prior to the detection of BSE in the United Stathsre were several factors that influenced sesupply
and consequently slaughter prices. First, the W& in a cattle inventory-liquidation phase. Thalto
number of cattle on feed declined from a peak i8618.03.5 million cattle animals in inventory) tdoav
in 2004 (95 million cattle animals in inventory)h& decline led to an increasing trend of cattlegqxiin the

same period.

U.S. Cattle in inventory 1990-2005
counted on 1st of January

106.000,
104.000
102.000
100.000

98.000+

96.000+

Number of animi

94.000

92.000+

90.000 T T T T T T T T T T T T T T T |
1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 20012 22003 2004 2005
—— Cattle (all) in inventory x1000 heads

Figure 28: U.S. Cattle in Inventory as counted ygan the ¥ of January,
Source: USDA
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Second, Canada discovered its first BSE case odhef May 2003. The incident led to a worldwide ban
on large parts of Canadian cattle and beef proddasgive an idea, the import of Canadian cattle
accounted for 4% of total US beef supplies. Furtteee around 50% of all produced beef in Canada was
exported. The impact on the Canadian beef secteramarmous. Cattle producers faced a rapid deglinin
demand, leading to lower Canadian beef and catitepand a heavy increase in the number of animals
inventory. As a consequence the import ban ledoteet supply, and raised cattle and beef prices.

Worldwide bans on Canadian cattle increased theaddrfor US cattle, until the #3f December.

The first BSE cow detected in the U.S.

On December the #he USDA announced that a dairy cow infected BSE had been slaughtered. One
of the first reactions of US’ main beef tradingtpars was to ban the import of US beef and caftbegive

an impression of the impact: beef exports were etggeto account for 10.4 percent of total US beef
production in 2004. Mexico, Russia, Brazil, Southiéa, Hong Kong, Japan, Singapore, Taiwan, Makaysi

and South Korea are among the countries to bampert of American beef. The European Union already
banned U.S. beef because of concerns about thefug@wth hormones. Canada restricted imports of
cattle-related products from the U.S. to dairy piatd, cattle destined for immediate slaughter amkless

beef cuts from cattle under 30 months of age.
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Figure 29: Monthly cattle slaughter prices
Source: USDA
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Figure 30: Monthly cattleslaughter numbers in thousands
Source: USDA
The announcement led to a decrease in slaughtarspof steers and heifers of more than 25 % irsainee

month (see Figure 29). Slaughter rates did not deepe affected by the announcement in the firatel
(see Figure 30). Global bans on US cattle and baefits effect on cash and futures prices of cdtef
and its by-products. Nearby live cattle futures@si plummeted for five days in a row (see Figurg/Ster
the BSE announcement, all live cattle futures pricaoved limit dow%, up to four days in a row. In
response of the plummeting prices in the first dhg, CME raised the market limit from $ 1.50 to.8®
During the next five trading days the nearby liatle futures contract (Live Cattle Feb 04) plumedet
from a price level of 90.68 on the "2®f December to 73,53 on the3tf December, a drop of almost

19%.

Figure 31: Live cattle futures prices around BSEmv
Source: Transtrend B.V.
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Also feeder cattle futures contracts concurrenthyved limit down. Feeder Cattle Jan 04 plummetethfeo
price of USD 95.23 on the 23rd of December to USX®3 on the 31st of January, down 17% (see Figure

31). Apparently futures markets anticipated onayshirop in cattle slaughter prices in the neaurtut

3 The market limit is the maximum advance or decfrom the previous day’s settlement permittecafeontract in

one trading session by the rules of the excharfigiee Iprice contract is said to move limit dowtdéclines in one day
with the maximum allowed number of points.
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If we take a closer look at prices of all futuresnttacts traded in the market, differences in price

movements of contracts do occur. All futures cartravent limit down on the first and second dagaft

the announcement of the BSE incident. On the tHagl, the nearby contracts of Feb 04 and Apr 04,

plummeted again to a market limit. This is in castrwith futures contracts for Jun 04, Aug 04, @t&and

Dec 04, which did not fall until the market limipparently prices of nearby cattle futures consgthe

upcoming four months) are more under pressurehiaas of deferred cattle futures prices (Figurg 32
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Figure 32: Live- and feeder cattle futures contrbehavior around the BSE event.

Source Transtrend B.V.

The 2003 U.S. BSE case significantly decreaseddattle futures prices beyond an immediate pricgdr

following the confirmation. The impact was diffetefor different futures contracts. The effects were

stronger and more persistent on the nearby futlies.effects were not permanent; in approximatiedy f

months for the nearby futures reached pre-eveoé pevels. Most of the other North American BSErgse

did not had a significant effect on live cattleutgs prices and volatility. The 2003 US BSE case am

exception, the impact was stronger for nearby nitearthan for more distant maturities (&inal.,2008)

The BSE incident did not only affect cattle pricksaddition corn- and soybean meal prices werectétl

by the event. As described earlier, corn and saybmeaal are important ingredients of cattle feedinCo

contains a high level of starch. Soybean mealgdh loin proteins. Together they are important ingnetdi



of animal feed, to reduce the time to fatten cafile important substitute of soybean meal is apestiuct
of beef production: bone meal. If made from contated animals, it can be a risk factor for BSE, mvhe
healthy animals consume the bone meal. You caniimaabat feed-producers try to find substitutelee i
soybean meal, in case bone meal is banned. Therb@anadian cattle not only led to an increase.B U

cattle and beef prices. Moreover U.S. feed prineknied rapidly, due to a higher demand for U.&fbe
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Figure 33: Prices of cattle feed ingredients
Source: USDA

The U.S. BSE incident on 2?3f December led to a remarkable price reactionatfle feed ingredients.
See Graph Figure 33 for the cash price reactitvesyértical line indicates the moment of detectibthe
first BSE-animal detected inside the borders of i#A. Logically the prices of meat- and bone meal
(MBM) and soybean meal are highly correlated (Siegifé 33). Both products are high on protein level
and as such interchangeable. Conversely the ctiorelatructure of MBM and soybean meal suddenly
changed on the first US BSE incident. The ban dtleca Soybean Meal : January 04

and beef products, including MBM, led to a sharplide

in demand of MBM. Main result: cash prices of MBN MT I
plummeted (-54%) in January 2004. Conversely, szm;](b(P " 1“ .
meal prices increased. Soybean meal apparentlyaNez 20 } ’

perfect substitute for MBM for cattle feeders. adgely, ' ll ‘{J H } s
P
IR

after 3 months cash prices of MBM were alreadyhatrt

old levels. Moreover corn price declined sharplyttie
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year following the BSE announcement.
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Figure 34: Soybean meal Jan 04,
Source: Transtrend B.V.

80



Futures markets and prices

We take a closer look at feed prices, by elabogatim the price reactions of futures prices of saybmeal

and corn. After the BSE announcement on the 23idexfember, price of nearby Soybean meal contracts
(Figure 35) dropped until a price level of 227.3ta opening, where after they skyrocketed on #mes
day to a level of 223.4. On the"24f December the contract again drops in pricepaining. A couple of
hours after opening, the Japanese government Werdrst to introduce a trading ban on US beef and
cattle. The ban was followed by Mexico, Brazil, Bias Ukraine, and a number of Asian counties from
Singapore to South Korea. After the main intermaldrading partners, announced their bans on W ca

and beef, the contract prices sky rocketed, regdksrday limit move on 233.40.

An international ban on all cattle and beef produet apparently to an increase in futures pridesom
and soybean meal. Not only did the price of soybma@al and corn futures prices rise on the short run
(Figure 35). The BSE incident in the United Statesm to be more structural, reflected by a pricesise

of corn and soybean futures prices in the subsequoenths of the BSE announcement (Figure 36).
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Figure 35: Soybean Meal Sep 04 and Corn Mar 04.
Source Transtrend B.V.

We believe that the main reason for the price biehas twofold:

1) Meat- and Bone meal can be easily substituted lypessn meal for its use of soybean meal.
Soybean meal as well as MBM are exported all okerviorld for the production of cattle feed.
When import bans restrict the supply of cattle jpicid, such as MBM, the market will use its
substitutes, leading to higher demand on soybeah. me

2) Bans on U.S. beef- and cattle resulted in lowempbupf American cattle. In case, worldwide
demand for beef and cattle stays at the same |evthler economies worldwide need to increase
their supply. In parallel this leads to increasdemand (and as such increasing prices) of cattle

feed.
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Long run time effects

We see that prices of deferred live cattle anddeedttle contracts, returned to the pre-BSE gegel one
month after the BSE announcement (see Figure 3@&n Ehore remarkable, was the strong incline ineatt
futures prices in the long run: After 6 months,cttle futures contracts set new record-high pevels.
Apparently, the pressure on cattle prices at tlteafrDecember 2003 was followed by a rapid increéase
cattle prices six months later. Prices of defewerh and soybean contracts showed a rapid incrgatde
five months after the announcement (see Figure B®)m that point in time the deferred futures cacits
rapidly decreased. Apparently, we observe not entyeme futures price reactions in the short ruiceP
effects are more remarkable in the long run.
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Figure 36: Live Cattle Dec 04, Feeder Cattle Noy G4rn Dec 04 and Soybean Meal Dec 04
Source: Transtrend B.V.

You may question what the impact of BSE is on deiaccording to a study of Kuchler and Tegene
(2006) in name of the USDA, was the impact on ddimetemand considerably small. After an initial

disease outbreak, people returned to their usu@hgedabits. The study examines consumers’ retail
purchases of beef and beef products after the B®iEdnt. They found that deviations from purchase

patterns were limited to no more than 2 weeks Hdveef products in the U.S.

Conclusions:

- The announcement of BSE in the US on th& 88 December 2003 had a major effect on
prices of live cattle, feeder cattle, soybean ra@al corn futures contracts.

- In the short run (in the first month), prices ofelicattle and feeder cattle futures contracts
declined heavily. However, after one month priagsnmed to pre-event price levels.

- In the long run (after 6 months), prices of livettikaand feeder cattle futures contracts
increased to new historic high levels.

- Cash prices of steers and heifers were signifigamtigatively affected in the month of the
BSE announcement. Prices of beef-cows were didmt heavy fluctuations.

- Cash prices of U.S. feed prices were instantangdesvily affected at the day of the BSE

announcement.
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- Prices of corn and soybean meal futures contracee viheavily affected by the BSE
announcement. On the announcement day itself, anth soybean meal contracts opened
lower, but prices recovered during the same dayaeré set higher.

- Up to 5 months after the BSE event prices of corth soybean meal futures contracts were
considerably higher then pre-announcement levels.

- In the long run (over 5 months after the BSE evaniges of corn and soybean meal futures

contracts were lower than pre-announcement levels.

Implications for the cattle model

In this section we focused on a subset of factdriehvarguably dominates the change of cattle suppig
detection of BSE in the United States had a mdjecton slaughter prices of steers and heifersoAéed
ingredients respond heavily on the days after tireoancement. Cash prices and futures prices decatt
products and futures plummeted immediately after @mnouncement. In our supply relationships we
hypothesized that slaughter prices do affect theufg¢) animal slaughter supply of animals. In Chapt

we found evidence of a short run negative priceipply relationship of all animal categories. In thag
run, cattle prices are negatively related to sléaigbupply of all animals. In this chapter we cdeséd the
supply relationship in the cash and futures marledter the announcement of the detection of BSE.
Surprisingly we did not encounter large deviatiasfs cattle supply, which makes it hard to draw
conclusions on the supply relationship of cattlee W6 encounter strong changes in slaughter prices a
feed ingredient prices. We also encounter a tirgeofab months between a rapid increase and decinease
the futures as well as cash prices of cattle. €ngth of the time lag corresponds with the timakes to

feed live cattle before it is send to slaughter.
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6.4  Conclusions and summary

Goal of this chapter was to check whether relatigpss(over time) of our proposed cattle model (Amgig
B) hold. We performed two case studies for twoexi market events in the cattle sector. We claitinad
during extreme events a specific subset of facogsiably dominates. The dominant factors expreased
variables were observed more easily than in mostrage” situations. Changes of variables do notectim
surface since they are labeled as white noiseratora behavior. We chronologically described thea#
of the drought of '88 and the discovery of BSEhHe tJS in 2003.

During the drought of 1988 we see that cash anddstprices of cattle feed ingredients rose sigguifily.
It is obvious that other forces are active in thgtle supply chain, however the change of the fegce
arguably dominated. Data and figures of feed prasebs cattle supply showed a negative relationshipe
short run (not in the long run). The dissimilar &abr of nearby and deferred futures prices of taéle is
in line with the expected live cattle price-suppdgponse. In the short run, lower profit margirs te a
greater supply of animals, which results in lowattle prices. In the long run, we can expect supply

decrease, resulting in higher cattle prices

The detection of BSE in the United States had aomeffect on slaughter prices of steers and heifers
Prices of feed ingredients responded significanttythe days after the announcement. Cash prices and
futures prices of cattle products plummeted immtedijaafter the announcement. Surprisingly we ditl no
encounter large deviations in cattle supply, whinbkes it hard to draw conclusions on the supply
relationship of cattle. We did not encounter siigaifit changes in slaughter prices and feed ingnedie
prices. Furthermore, the price behavior of cattiieifes suggests that lagged price reactions migtiirp
which is in line with the third time effect as miamed in Section 1.4: Price changes of a futuregraot

(e.g. Live Cattle Oct 04), caused by one and theesaarket event, can lead to different price reasti at

different periods in time.
Besides checking the proposed cattle supply madelgave the reader a good understanding how cattle

futures prices behave. The case studies exhibiat geal-life examples of the proposed time effefts

futures contracts as mentioned earlier.
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7. Conclusions and Recommendations

The main objective of our work was to assess, d@s@nd where possible model the price behavior of
cattle and cattle related futures contracts. Theege conclusions and implications that emerge foam
research are segregated from three perspectivétte datures contract properties, fundamental eattl

relationships and extreme events.

Cattle futures contract properties

We assessed the cattle futures market from a fuedtsin and biological perspective, wherein we
discovered and explained three time effects. Tist time effect is an instantaneous price discrepahhe
price-behavior of a futures contract caused by ame the same market event, can lead to differéoé pr
reactions, at different periods in time. The sectme effect is the fundamental price discreparyces

of futures contracts on different underlying assetdifferent stages of life behave differentlyiéentical
market events at the same time. The third effestrilzes a price discrepancy in different momentsnie.
Price-behavior of a futures contract caused byanmthe same market event, can lead to differaoé pr
reactions, at different periods in time. The thtgme effects strengthen our idea to focus on the
fundamental characteristics and relationships dfifgtct cattle supply. We realized that there isyomhe
way to uncover the price behavior of cattle futueesl cattle futures relationships: by revealing the
biological sequence and fundamental details ofecatid cattle operations. Our findings alert ptegters

to be cautious for three different time effects ethinfluence prices of live cattle and feeder edftiitures.
Moreover practitioners should be cautious in ddinge-series analysis of futures contracts and eeaty

futures contract independently and individually.

Fundamental cattle relationships

Based on fundamental and biological details of {oa¢le we described the biological sequence dfecat
and how cattle in different stages of their livateirelate. We explained the underlying fundamsnaaid
dynamics of cattle breeding, feeding and ultimathughtering. We showed that cattle productioa is
flow operation: output of one operation is input fbe next one. The unexpected price behavior tifeca
products is ascribed to the biological time lag #mel “dual purpose” of cattle in its production pess.
Cattle are simultaneously used as consumption goodheef production, and as a capital good, tdap
future beef production. Four different stages itilegroduction are distinguished and presented fiow
diagram. The cattle flow diagram forms the firstimeesult of our research. Ultimately, the beefleat
flow diagram forms the basis in specifying (econgmmelations in cattle supply and cattle price hétra
We recommend practitioners to use the cattle fleagrhm at the development of trading strategiels/ef

cattle and feeder cattle futures.
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Fluctuations in the supply of cattle categoriesarfirom a number of measurable influences. We found
evidence that there exist three important determigaf cattle supply: the price of corn, the pradecattle
sold to the cattle buyer, and the number of aniraakslable for replacement. By statistical analyses
select which lagged determinants are most relefargpecifying cattle supply. We developed a suppl
equation for every cattle category (steers, heiferseding cows and calves). First, we specifiedcvh
variables provide the best explanation of cattigpdufluctuations. Secondly, we created supply ¢quna

for every cattle category. We examined, for eactilecacategory, which (lagged) variables provide
significant explanation of cattle supply. Using Ugice, supply and inventory data of cattle anchda
1975-2005 we performed a stepwise regression pupeedn a set of supply equations for steers-gheif
cows- and calves-slaughter. The result is a sstipply equations which only include the variables Bire

most relevant for specifying cattle supply.

We find evidence of a short-run negative supplatiehship for all animal cattle categories. Thisame

that an increase in the price of slaughter animalald result in a decrease in the supply of slagigt
animals. When the price of slaughter cattle ripesgucers are willing to retain animals to prodaoénals

in the future, instead of slaughtering them instaabusly. We find that the short run negative syppl
relationship affects the total life cycle of cattieurprisingly also steers show a short-run negagivpply
relationship. We find mixed results for the deperme of corn to cattle supply. In line with our
expectations corn is omitted from the calves sumgyation (since calves are less dependent on feed
prices, as calves are feed by their mothers andlynééd by summer grass). Finally, we found evidenc
that the replacement inventory is positively redate the supply of cattle, for all animal categeria the

long run a positive supply response is less evidentall cattle categories. Our findings shouldrale

practitioners to be cautious for the use of fundatalecattle price and supply data.

Extreme events

Finally, we link cash markets with futures markgtderforming two case studies. We perform two ssdi
in which we qualitatively asses different extremesrds in the cattle sector. We claim that during an
extreme event a specific subset of factors arguddiginates. The dominant factors expressed asblasia
can then be easily measured. For example in mestdge” situation, changes of variables do not ctame
surface since they are recognized as white noisenmiom behavior. The effect of an extreme eventbea
measured more efficiently. We described the effedtgshe drought of 1988 chronologically and the
discovery of BSE in the US in 2003. Besides chegkhre proposed cattle supply model, the case studie
exhibited some real-life examples of the proposme effects of futures contracts. The findingshef tase

studies alert practitioners to be cautious fordtmne effects to be (simultaneously) active innterket.
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Applications and recommendation for investment stréegies

We provide some recommendations for the developmkimnvestment strategies. In the world of finance,
correlation is a statistical measure how two séiesrimove in relation to each other. We believe this
necessary to recognize that different marketsbeadifferently correlated under different circunmstes. It

is not unusual that under some circumstances twdketsehave the opposite correlation structure than
normal. This understanding is of importance in iteestors risk perception. As such, it is importémt
understand how to deal with changing correlationshianging markets. An example makes things clear.
Assume the following conditions hold:

- There are 2 factors (A and B)

- There are 2 markets (M and N)

- Factor A is (almost) always active, éxample the weather

- Factor B is sporadically active, for exgle a drought or disease

- Market M is positively influenced by fac A, as well as factor B

- Market N is positively influenced by fac A, and negatively by factor B

The question for an investor might be which possitie should take in both markets. He can decitkk®o

a long position in market M and a short positionniarket N. We believe that an investors should get
exposure to a particular factor, and not only gpacific market. In this case the best decisionlavbe to
take a long position in market M as well as maieWith this market combination you are only expgbse
to factor A and you totally reduced the risk totéadB, in case it occurs. The result from a risknagement

perspective is that you are less (not) sensitivelianging correlations between markets.

Recommendations for future research

In our research we focused on uncovering fundarheetationships in supply and demand in cattle
commodities. We believe that our research resualtsbe used by practitioners as a starting pointHer
development of commodity trading strategies. Frdm perspective of a researcher, risk manager or
investor we think that it is crucial to understathé fundamental aspects and relationships of coritynod
price-, supply- and demand behavior. As a recomiadomal for future research we suggest to focus en th
applications of the time effects and the discovesedply- demand- relationships in cattle commodity
trading strategies. In the first place, our reso#s be used to discover whether a combinationiffefreint
outright products (e.g. single live cattle futumtracts) can give exposure to different risksdivection

for future research is to discover which combinadiof cattle and cattle related futures contraats give
exposure to some risk that is not discoverabléénautright product itself. It might be possiblectpture
certain type of risk in agricultural products by kimg combinations of outright future contracts. A
combination of products in this sense can give malde addition to a portfolio as an investor is
diversifying to different kinds of fundamental réslof that commodity (not only the price- risk ofeth
outright future contract itself). As second, weamenend researchers to put not too much effortsying

to predict market- or price behavior. More worthletfor investors and risk managers is to find ohitol
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fundamental risks are encapsulated in certain il@hrproducts (e.g. a futures contract) and hous it
possible to get more (less) exposure to differémd lof risks encapsulated in the outright prodisIf or

by making combinations of outright products. Fipalve recommend that commodity price research by
itself should not only emphasize on short-term gramalysis. For example by performing time-series
analysis and econometric methods for analyzingnfited market and price movements. We recommend
that researchers together with practitioners teaglers of those financial products) keep in mimeltheory

and (biological) fundamentals underlying a commpgiice model.
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Appendix A Short run futures price behavior

Al Introduction

We aim to give a clear understanding how futuréseprbehave concurrently. In Chapter 1 we described
that for agricultural commodities more than onetcast is actively traded every moment in time. Bver
futures contract should be treated individuallycsithe underlying commodity of the contract is \caied

at a different moment in time. The aim of this deaps to give the reader a better understandinthef
price behavior of agricultural futures contracts.this chapter we assess the price behavior ofdstu
contracts in the short-run (at the same momeninie)t We question whether related prices of futures
contracts show common movements at the same mdménte. We elaborate on time effect 1: prices of
futures contracts with the same underlying assewlithh different delivery months (e.g. live catfigure
October 2009 vs. live cattle future December 20@a) react differently to the same news eventhat t
same time. We compare causal relations in priceements of futures contracts in the short run (@ th

same day).

A2 Research method

To examine price behavior of futures contracts veate a 3-step research method. Of great imporiance
that every future contract itself is treated indegeEntly. For example, we treat Live Cattle Jul 8pagately
and in parallel with Live Cattle Aug 09. In additito Live Cattle futures contracts, we aim to asgbe

cattle related commaodities contracts feeder cattim} and soybean meal.

Research Steps:

1) Stage identification
A live cattle futures contract starts trading 18mting prior to the moment of physical delivery of
the underlying. Prior to analyzing different cowtss we classify stages in the contract, since
prices might react differently, in different phasksing the life of a contract. Later on, it helps
to give a good comparison basis to compare costiache same stages of its life’'s. We create our

own indicators to recognize different stages.

2) Identification of significant price movements
We can examine price behavior by evaluating eveigepnovement at every moment in time.
Another way is to only focus on special market eserfor example when extreme price
movements show up. By focusing on extreme casggifisiant price movements) we try to filter
for “noise” or “random behavior” of a contract. Taentify significant price movements, we first

create our own criteria of such a price-movement.
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3) Assessment of contracts using the stages of life
Step 1 resulted in predefined stages of futurefracts and Step 2 identifies a significant price

movement. In this last step we identify whethecesiof different futures contracts move together.

We show whether common movements in prices of@dlabmmodities tend to appear. We trace which
futures contracts (with a different delivery monéippear to show similar co-movements with otheurkeg
contracts (with another delivery month). We meagheeexistence of causal relations between theepric
behavior of different futures contracts at the samoenent in time.

A3 Stage Identification

Our notion exists that futures contracts tend tbale differently in different stages of their lifeet us
make things clear with an example. When a new déstwoontract becomes active, none or only a few
participant will enter the contract.

Figure 37 shows three indicators of a live cattiieiifes contract: price, volume and open interestuivie
indicates the number of contracts traded duringdae Open Interest is the number of open contiafcas
given future or option contract. An open contraah de a long or short contract that has not been
exercised, closed out, or allowed to expire. Infiret months a contract is active, most futurestracts
have low volume and low open interest. Apparentlly@ small number of market participants are thi®
market. You can imagine that a contract behavderdiiitly in the first stage of life of a contraBuring

this first period, which is characterized by logyidity, prices are set by only a few market partats.

Figure 37:Prices, volume and open interest durinllffe time of Live Cattle June 09
Source: Bloomberg

Liquidity Indicator
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Based on long term- and large changes in volumeoimbination with changes in open interest (and
number of trades) we determine in which periodsraract is “actively traded”. We create the indarao
measure whether the contract is actively traded @mgbrve whether settlements appear as an overall

market-equilibrium or prices appear out of one-tinagles.

Two variables that are of particular interest toamee the liquidity of a futures contract are voduand
open interest. Volume is the number of futures @mts traded during a specified period of time,allgu
one trading session. One buy and one sell equatduane of one. Open interest is the total number of
futures contracts outstanding in the market. Irepthiords it represent the number of contracts liaae
not yet been offset or fulfilled by delivery. It @ indicator of the depth or liquidity of a futarenarket,
which influences the ability to buy or sell at aan a given price. In our liquidity indicator weébéd every
day whether a futures contract is “active” or “itiee”. We consider a contract to be “active” whére t
contract is traded actively and of which price muoeats are established by a substantial number déaina
participants. We consider a contract to be actitedged when a contract is traded for a longerogeoif
time, with continuous high volumes and with a sabstl and increasing level of open interdate
consider a contract to be “inactive” when it is taided regularly and prices are set by the exahisglf
or by a small number of market participants. Weaethe following criteria for a futures contraot lie

labeled as “actively traded”.

Indicator / Label Characteristic

1.We measure at time t, the maximum daily volume @y9lof all contracts with
the same underlying commaodity that are tradedeémtiarket.
Volume 2.We calculate the average trading volume of a conhtiaring its last 10 trading
days = AvgVol

3.We choose an average-volume-threshold leve) = 10%

1. We measure, at time t, the open interest (withdays).
Open Interest ]
2. We choose a threshold level for open interest= 500

A contract has the lab8&hActive” in beginning

Label = InActive A contract can receive the latf@lctive” when:

Label = Active AvgVol;> 1 VOl nax AvgVol > 0,10 VOl ax
AND AND
Ol >0y Ol; >500
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A4 Significant Price Movements

To identify significant price movements we useimfif-move” as a criteria for a movement to be laiehs
“significant”. For every futures contract tradelde texchange sets a largest amount of change thatite

of a commodity futures contract is allowed to umggerDuring that trading day, it is not possibldrede a
futures contract at a price either above or belmftitures contract price after a limit move. Tinatl price

is set by the exchange on which the futures contracles. Limits are set in place to limit the risk
(volatility) in futures price movements. Limit mavean be either up or down and limits are changed o
time by the exchange.

For example assume that a Live Cattle futures aohis selling for $0,80 per pound, and has a lwhit
$0,03 per pound. This means that the contract tisthmved to move $.03 per pound above or below the
previous day's settlement price. If a cattle dezehastically reduces the supply of cattle, therks price
will rise to the $3 cents limit level ($ 83 centspt higher. We label every price movement thaigealed

as a limit-move as significant. We measure twoedéht limit-moves: limit-up and limit-down.

A5  Assessment of futures contracts

First we created a fair comparison basis with thaidity criterion. After that we set a definitidior a
significant price movement. Now it is time to asseshether common price movements of related
commodities futures contracts tend to appear. Wy @assess those futures contracts that are inaime s
liquid stage of life and are actively traded. Weus on intra-market price movements, wherein wessss
co-movements of futures contracts with gameunderlying commodity although withdifferentdelivery

months.

Intra-market co-movement

Live Cattle Apr 08 is selling for $90 cents per pduat the 3 of January. We signal a significant price
increase at the™of January in the mentioned contract. At the sdate the Live Cattle June 08 and Live
Cattle Oct 08 show a significant price increasee dther actively traded contracts, Live Cattle A8gand
Live Cattle Dec 08, did not make a limit move thaly. Apparently there are three contracts whichwsho
co-movements. We trace which futures contracts stmwmon movements at significant price movements
at the same moment in time. The focus lies on ceament of thalifferentdelivery months.

With the use of this analysis we trace which fusurentracts show common movements at significaoe pr
movements at the same moment in time. The foegson price-relations of the different delivery ritn

and a different underlying commaodity.

Measurement and analysis
We use the daily futures contracts price data wélCattle, from 1965 until April 2009. First we calate
at every trading day, using the mentioned liquiditigerion, whether a contract is “active”. Subsewufly

we calculate for every “active” contract, at eveading day, whether a significant price changeeap@d.
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The exchange changed its limit-move criterion savémes, during 1965-2009. We make sure to use the
appropriate price-limit in that period. We also peeack whether a movement is limit-up (in caseaof
positive price change) or limit-down (in case ofiegative price change). Finally, we calculate iriclvh
fraction of times each contract month moves sigaifily, under the condition that the February caoitr
shows an extreme price movement. Of course we ipertbe calculation for all contract months and for

several different underlying commodities.

Results

The following graphs show statistics of the behawblive cattle futures in the period 1960-200hce

the reader might find it difficult to interpret thgraph, we give some information how to interpies t
graphs. The y-axis shows the fraction of activetiaats which move concurrently with another corttrac
(the conditional contract) The bars represent trelitional contract months of live cattle contradike x-
axis refers to the contract which moves in comparigith the conditional month (represented by thg.b
An example makes everything clear. Consider thet iefisbar. The graph indicates that the conditiona
contract month is labeled as February, the fraatibaontracts that move up is 47% and the contizadt
moves signals 2 months. In other words, in 47%heftimes that a Live Cattle February contract shaws
significant price movement up, the April contradtows a significant price increase. Consider the
December bar at 4 months: conditional on a sigaifiqrice increase of a December Live Cattle figure
contract, the April futures contracts moves up corently. We perform the same analysis for liveleat
feeder cattle and corn futures in the period 19@509.

The graphs show that cattle futures are heavilyémiced by the nearby contract months. This i®intrast
with corn futures. Corn futures are far most a#ecby the December futures contract. The December
futures contract seems to heavily influence otlatie series. The main reason is that this conappties

to the first new crop month.
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Live Cattle - Extreme Moves (Up)

Conditionalon contract in barmoves up
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Figure 38: Live Cattle futures behavior 1960-2009
Source: Transtrend
Live Cattle - Extreme Moves (Down)
Conditionalon contractin barmoves down
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Figure 39: Live Cattle futures behavior 1960-2009
Source: Transtrend
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% of contracts that move ug.

Feeder Cattle - Extreme Moves (Up)
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Fundamental cattle flow diagram

Appendix B

Figure 40: Flow diagram of beef cattle productionthe U.S.
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Figure 41: Flow diagram of dairy cattle productiamthe U.S.
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Appendix C Backward elimination - Multiple Regresson — Step 1

Results after performing the first step of the veatd elimination to our multiple regression equasi@re
presented in tabular formula on the next two payés.present the results per animal category atthre
different time scales (quarterly, semi-annually amhually). As an example the results in the upeftr

corner represent the results of performing a refpasestimation on equation (1A) of Chapter 4:
i=4
SSty =0+ 2, 01 5PSStE3

T
~n ©

1a)
+ 2, ay5PCmn g

o

Which is the same as:

+0,oPCrNy g + 0, 3PCIN g +a, PCINg + 0, gPCINg + 015 1, PCIN 5

Via OLS procedure performed in SAS on historicdtleadata we estimate the unknown parameteys (

01,0005 01,12 0205+ 45 0t2,12)-
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Table 3: OLS Regression Results-Summary

OLS Regression Results
STHERS - Quarterly STEERS - Semi-Annual STEERS - Annual
Parameter Param T-stat Parameter Param  T-stat Parameter Param T-stat
Quariable time lag Qvariable fime lag Qvariable ime lag
0 3,564,545 27.78 0,0 4,136,965 156 0 763,116~ 025
@0 15,374~ 334 a0 8483 0.77- a0 11,867 0.61-
w3 2696  050- e 16537- 136 12 8 0.00
e 12,185 231 o112 8211 067 24 26,963 134
a9 3,072 057 01,18 29,127 274 @0 310,039~ 102-
o112 4,011 088 @0 50024 0.37- w12 506,799  167-
@®@o 89452~ 114 w6 225029 147- w24 208574  081-
w3 148570 132 w12 146222-  0.97- 30 169 077
we 91,802- 0.80- 2,18 257,862- 183 03,12 442 151
w9 101,413~ 0.89- 30 103 077 03,24 319 136
o212 20,997~ 0.27- w6 45 034
3,12 53 0.40
3,18 93 064
Sample size (n) 138 Samplesize (n) 63 Samplesize (n) e
Adjusted -R? 0.15 Adjusted -R? 021 Adjusted -R? 0.50
|
HEFERS - Quarterly HEFERS - Semi-Annual HEFERS - Annual
Parameter Param T-stat Parameter Param  T-stat Parameter Param T-stat
|Brariable time lac Buariable ime lag Bariable time lag
Boo 124867919 1028 Boo 794,089 170- Boo 1,263,872 177
Bro 2,918.42- 063 BLo 4,181-  0.61- Bro 13,764 0.91
B3 176229 034 B 13312 182 Briz 5353 032
Bre 10,468.48 203 Briz 10522- 141- Br2a 7580 056
PBro 318338 0.61 Bris 7841 141 B2o 359,442- 190~
P12 1,542.96 034 Bozo 143,608  181- B2.12 129,339~ 0.72-
P20 169,237.46- 219- B2s6 5812- 0.07- PB224 351,203 206
B2a 7412348 067 B2 184209 217- Bso s 035
B2s 26,890.89- 024~ P28 88,603 117 Baiz 672 227
B2o 2636362~ 023 Bso 170 156 Ba2a 123 051
Ba12 83,228.84 108 Bas 247 202
Bs.12 142 126
Bais 2= 002
Sample size (n) 138 Samplesize (n) 63 Samplesize (n) e
Adjusted -R? 0.28 Adjusted -R? 0.79 Adjusted -R? 0.86
|
CONS-Quarterly COWS - Semi-Annual COWS - Annual
Parameter Param T-stat Parameter Param  T-stat Parameter Param T-stat
Vvariable time lag ¥ variable,time lag ¥ variable time lag
Y00 014487 1437 Y00 750,969 135 Y00 115,794 008
Y10 12000 046 Y10 2333 053 o 4983 056
a3 4162- 1.29- Y6 7849  151- Y112 19,959- 195
e 2183 133 Y112 5089 095 Y124 14,546 141
e 3,300 105 Y118 4180 093 720 134299 096
2 10931- 425 120 58,409 109 Y212 270,941 192
Y20 14,554 036 Y26 61285 102 Y24 120835 093
V3 20507-  051- Y212 22258 037 o 193 285
Y26 92,695 155 Y218 67,271- 123 Y312 225 206
o 2639 004 Y30 160 498 324 & 0%
Y212 75,402 187 V3.6 135 335
Y312 69 173
Y318 69 173
Sample size (n) 138 Samplesize (n) 63 Samplesize (n) e
Adjusted -R? 0.48 Adjusted -R? 0.78 Adjusted -R? 0.79
|
CALVES - Quarterly CALVES - Semi-Annual CALVES - Annual
Parameter Param T-stat Parameter Param  T-stat Parameter Param T-stat
[Mvariable time lag Hvariable time lag Hvariable time lag
oo 270,187.98 1502 00 360 oo B0L6%5 476
o 52058 186 o 459 o 4219 526
s 657.66-  187- e 154- 12 331 037
e 469.06- 133 w2 200 24 3 000
o 54 027 s 007- 2o 40638 249
12 5705  221- o 131- w212 1,310  007-
2o 277084 0.40 L6 042 e2a 2928 155
s 207110  021- w12 091- 1o 2 205
126 5,869.96 060 a8 5172 054 a2 1 057
o 427514 044 mo 8 156 24 21 182
12 617354 086 186 10 175
w12 1 189
.18 13 212
Sample size (n) 138 Samplesize (n) 63 Samplesize (n) e
Adjusted -R? 0.79 Adjusted -R? 0.92 Adjusted -R? 0.96
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Table 4:

OLS Delta Regression Results - Summary

STHERS - Quarterly

OLS Regression results, Delta — Supphatons

STEERS - Semi-Annual

STEERS - Annual

Parameter

Qvariable ime lag

Parameter
Quariable time lag

Param T-stat

Param T-stat

Parameter

Qvariable ime lag

Param T-stat

HEFERS - Quarterly

HEFERS - Semi-Annual

HAFERS - Annual

Ao 039 614 Aowo 016 377 Ao10 017- 195
Az 014 220 Ao 020 445 Aoz 005 056
A6 0.06 0.88 Aaw12 0.03 072- Ao 24 007- 082
Aoa9 0.05 077 Aoa,18 0.06 142 Ao20 0.00 0.03
A2 009 142 Ao 006 259 A2 000 006
A0 003 076 A 0.04- 150 Aoz 24 001- 017
A3 007 169 Ao212 003 117 Aw30 005 020
Aws 003 069 A8 007- 2% A2 030 100
Ao 0.09 196 Aaz0 0.49 325 Aoz 24 035 119
Ao12 0.04 0.85 Ao36 0.20- 1.18-
Aaz,12 0.31- 184
Aaz,18 0.15 0.96
Samplesize (n) 138 Samplesize (n) 62 Samplesize (n) 3
Adjusted -R? 031 Adjusted -R? 063 Adjusted -R? 012

Parameter
Brariable time lag

Parameter
Brariable time lag

Param  T-stat

Param T-stat

Parameter
Bariable time lag

Param T-stat

APro 029 426 AB1Lo 027- 291 APro 005 047-
AB1L3 005 072- A6 019 192 AB1L12 011- 106
ABLs 0.22 316 AP112 0.19- 191- AB124 013 150
APro 001 013 AP11s 014 17 AP2o 002- 060
AP112 018 262- ABozo 003 0.63 AP212 000- 011
AP20 0.09- 1.82- AP2s 0.05 1.09 AP2,24 012 277
APo3 008 178 APoa2 011~ 221 ABso 018 082
AP26 0.02- 0.49- AP2.18 015 329 AB312 059 271
ABzo 0.00- 0.06- ABso 026 120 ABs.2a 012~ 054
AP2.12 0.06- 1.25 AB36 0.36 153
Af312 0.08 034
ABsis 023 0.95
Samplesize (n) 138 Samplesize (n) 62 Samplesize (n) 32
Adjusted -R? 0.36 Adjusted -R? 052 Adjusted -R? 0.86

CALVES - Quarterly

CALVES - Semi-Annual

CALVES - Annual

COWS-Quarterly COWS - Semi-Annual COWS - Annual
Parameter Param T-stat Parameter Param T-stat Parameter Param T-stat
Yvariable time lag Yvaiiableime lag Yvariable time lag
Ay10 034 428 Ay10 007- 080 Ap0 010 140
Ay1L3 0.27- 373 AyLre 0.08 1.03- Ayr12 026- 370
AyLe 007 08 Ayi12 027- 331 Ayiza 015 182
Ay19 0.09 133 Ay118 0.01- 0.12- Ay20 0.10- 1.47-
Ay112 0.39- 5.00- Ay20 0.01 012 Ay2.12 018 294
Ay20 006 097 A2 009 141 Ay2.24 007 105
Ay23 0.07- 1.06- Ay212 0.05 oss Ayo 003 005
Ay26 0.06 0.90 Ay218 001- 014 Ay3iz 021 030
Ay29 011 167 Ay30 112- 171~ Ay324 207 276
Ay212 004 059 Ay3e 1.40 227
Ay312 0.49 075
Ay31s 024 037
Samplesize (n) 138 Samplesize (n) 62 Samplesize (n) 32
Adjusted -R? 0.46 Adjusted -R? 059 Adjusted -R? 095

Parameter

Hvariable time lag

Param T-stat Parameter

Mharnabletime lag

Param T-stat

Parameter

Hvariable time lag

Param T-stat

102

Apo 0.26- 263 ApLo 035 3.46- A0 055 521-
Az 046 502 A s 049 437 Amaz 002 012
A s 006 070 Az 012- 082 A 2a 006 037
Apo 0.05 059 Apu1s 0.16- 1.30- Ao 017- 220-
A2 008 091 Ao 04 067 Ap12 004 050
Ao 002 0.30 Awes 017 283 Ao2a 008  1.32-
A3 001- 017 A1z 003 039 Ao 117- 213
Apzs 0.06 0.85 Ap2,18 0.03- 0.49- AB,12 108 1.39
Ao 008 120 Ao 006 014 Ay 2a 052 087
A2 013 1.82- A6 012- 028
A2 011- 019
A8 0.05 011
Samplesize (n) 138 Samplesize (n) 62 Samplesize (n) 32
Adjusted -R? 031 Adjusted -R? 066 Adjusted -R? 085




Appendix D Summary Results after backward eliminaton — Step 2

The next pages show the results of the OLS estimatiocedure after backward elimination. As example
the table in the upper-left corner of Table 5 githe same estimation results, after rounding, ef th
parameters of the steers quarterly supply equasgoresented on page 52, including its t-statjstieeber
of observations and the R-squared:

SStg = 3521 — 14.3 PSStr+ 15.2: PSStrs — 130.3 PCrng
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OLS Regression Results - Summary - After bacl

STHEHERS - Quarterly

Table 5:

Regression results -after backward elation

ard elimination

STEERS - Semi-Annual

STEERS - Annual

HEFERS - Quarterly

HEFERS - Semi-Annual

HEFERS - Annual

Parameter Param T-stat Parameter Param T-stat Parameter Param T-stat
Qvariable time lag Qvariable time lag Qvariable time lag
0,0 3,521,110 30.29 ao,0 4,146,759 3.83 ao,0 1,682,455 0.65
o0 14,278~ 4.28- 01,18 14,254 254 03,12 692 4.37
aL,6 15,155 4.65 o026 331,696~ 2.89-
w9 130,338~ 3.46- 3,12 142 2.60
Samplesize (n) 138 Samplesize (n) 63 Samplesize (n) 32
Adjusted -R? 0.17 Adjusted -R? 0.18 Adjusted -R? 0.38

Parameter Param T-stat Parameter Param T-stat Parameter Param T-stat
Brariable time lag Brariable time lag Brariable time lag
Po.o 1,269286  11.76 Boo 985,245 229 Boo 1,876,896 3.05
Pre 11,135 7.78 Pie 73,158 277 P20 450,424~ 291-
P20 93121- 246 B20 204- 318 Bao 73514939 1350
Bao 290.70 9.48
Bas 268.15 877
Samplesize (n) 138 Samplesize (n) 63 Samplesize (n) 32
Adjusted -R? 031 Adjusted -R? 0.78 Adjusted -R? 0.87

CALVES - Quarterly

CALVES - Semi-Annual

CALVES - Annual

COWNS-Quarterly COWS - Semi-Annual COWS - Annual

Parameter Param T-stat Parameter Param T-stat Parameter Param T-stat

Y variable time lag Y variable time lag Y variable time lag
0.0 902,887 16.26 ¥0.0 845,113 1.60 ¥0.0 1,460,910- 2.28-
Y112 87,750 9.69- Y16 10,594~ 2.83 Y212 384,450 304
Y2,6 88,645 3.26 Y36 39.33 357 v3,24 115 6.86
Y212 65,237.00 248

Samplesize (n) 138 Samplesize (n) 63 Samplesize (n) 32

Adjusted -R? 0.48 Adjusted -R? 0.56 Adjusted -R? 0.65
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Parameter Param T-stat Parameter Param T-stat Parameter Param T-stat
HMvariable,time lag Mvariabletime lag Mvariabletime lag
.0 270,082 26.45 Moo 446,116 951 Moo 502,707 355
pe3 1,361- 7.73 [15K9] 1,165 213 [15K9] 4,703 3.79-
mi2 631- 4.09- me 2,494~ 533 13,24 11.76 5.14
ps,18 226 330
Samplesize (n) 138 Sample size (n) 63 Sample size (n) 32
Adjusted -R? 0.79 Adjusted -R? 0.85 Adjusted -R? 0.80




Table 6: Correlation matrix for models after backadalimination
STEHRS

QUARTERLY SEMI-ANNUAL ANNUAL
a0 016 2,9 01,18 026 0312 03,12
01,0 1.00 01,18 1.00 03,12 1.00
a6 089 100 w26 001 100
o0,9 023 025 1.00 03,12 060- 024 1.00

HABFERS

QUARTERLY SEMI-ANNUAL ANNUAL
Pis P20 Pis P20 Pso Bse B2o Bso
Bie 1.00 Bie 1.00 P2.o 1.00
P2.0 026 1.00 P2.0 0.07- 1.00 Bao 035 1.00
Bso 006 019 1.00
Ba6 021 011- 0.00- 1.00

COns

QUARTERLY SEMI-ANNUAL ANNUAL
Y112 Y26 Y212 Y16 Y36 Y212 4324
1,12 1.00 Y16 1.00 Y212 1.00
V2,6 017 1.00 V36 0.74- 1.00 v3,24 004 1.00
2,12 015 072 100

CALVES
QUARTERLY SEMI-ANNUAL ANNUAL
mo e M318 mo m324
w3 p12
M0 1.00 [15Ko} 1.00
.3 1.00 m6 079 1.00 me,24 043- 1.00
m12 075 100 m3,18 053 046- 1.00
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Table 7: Regression results, supply change equadifier backward elimination

OLSDelta Regression Results

STEHRS - Quarterly

- Summary - After backward elimination

STEERS - Semi-Annual

STEERS - Annual

HEFERS - Quarterly

HEFERS - Semi-Annual

HEFERS - Annual

Parameter Param T-stat Parameter Param  T-stat Parameter Param T-stat
Qvariable time lag Qvariable time lag Qvariabletime lag
Ao1,0 0.40- 6.83- Ao,0 0.16- 4.06- Ao1,0 0.19- 281-
Aoue 0.17- 4.26-
Aoz,0 0.07 2.89
Aoz,0 0.22 6.02
Sample size (n) 138 Sample size (n) 62 Samplesize (n) 32
Adjusted -R? 0.25 Adjusted -R? 0.56 Adjusted -R? 018

COWS-Quarterly

COWS - Semi-Annual

COWS - Annual

Parameter Param T-stat Parameter Param  T-stat Parameter Param T-stat
Bariable time lag PBvariable time lag Bariable time lag
AP10 0.28- 4.32- AP1o 0.38- 4.50- AP2.24 014 411
AP1e 0.26 4.26 AP1,12 0.23- 2.76- AB312 068 393
AP1,12 0.20- 3.24- AP2,18 0.19 384
ABzo 019 344
Sample size (n) 138 Sample size (n) 62 Samplesize (n) 32
Adjusted -R? 0.34 Adjusted -R2 043 Adjusted -R? 0.49

CALVES - Quarterly

CALVES - Semi-Annual

CALVES - Annual

Parameter Param T-stat Parameter Param  T-stat Parameter Param T-stat
Y variable time lag Y variable time lag Y variable time lag
Ay10 0.36- 4.50- Ay112 0.31- 4.60- Ay112 031 521-
Ay13 0.29- 4.32- Ay36 174 3.9 Ay212 024 475
Ay1,12 0.39- 4.98 Ay2.24 1.05 259
Sample size (n) 138 Sample size (n) 62 Samplesize (n) 32
Adjusted -R? 0.42 Adjusted -R? 057 Adjusted -R? 0.69
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Parameter Param T-stat Parameter Param T-stat Parameter Param T-stat
HMvariable time lag Hvariable time lag Mvariable time lag
A3 050- 644 A0 033 405 A0 063 649

A s 0.46- 6.02- A2 041- 420
A s 015 2.80
Ao 009 403

Sample size (n) 138 Sample size (n) 62 Samplesize (n) 32

Adjusted -R? 0.35 Adjusted -R2 0.70 Adjusted -R? 0.78




Table 8: Correlation matrix, delta-model, after b&@rd elimination

Correlation Matrix - After regression results, for Delta Model

STEERSDH.TA
QUARTERLY
Ao1,0
Ao1,0 100

HAFERSDELTA
QUARTERLY

ABro AP1e AP112

AB10 1.00
A6 0.17- 1.00
APB1,12 033 018 1.00

COWNSDHE.TA
QUARTERLY
Ay10 Ay13 Ayi112
Ay10 1.00
Ay13 0.16- 1.00
Ay1,12 050 0.10- 1.00

CALVESDALTA
QUARTERLY
Az
A3 1.00

SEMI-ANNUAL
Aoio al Amo Aoz0

Ao1,0 1.00

A6 028 1.00

A0 001- 005 1.00

A03,0 025 033 0.12- 100

SEMI-ANNUAL
AB10 AP112AP2,18 AB30

AB1.0 1.00

AP1,12 016 1.00

AP2,18 0.01- 0.00 100
ABs.0 032 028 011 100

SEMI-ANNUAL
Ay112 Ay36

Ay1,12 1.00

Ay36 055 1.00

SEMI-ANNUAL
Ao Apae Apees Apzo

Apio 100
Ay 6 0.06- 1.00

Apes 014- 010 1.00
Aps0 031- 017 036 100

ANNUAL
A01,0

Ao 100

ANNUAL
AP2,24 AB3,12
AB2,24 1.00
APB3.12 005 1.00

ANNUAL

Ay1.12 Ay2,12 Ay2.24
Ay1,12 100
Ay2,12 0.03- 1.00
Ay2,24 0.34- 0.00- 1.00

ANNUAL
Ao A1z
A0 1.00
Awi2 003 1.00
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Appendix E OLS Assumptions

We have to make sure that our estimation resuktsvatid by checking whether all assumptions (as
proposed by Brooks (1972)) that are made for tlidnary least squares estimator are satisfied. Some

assumptions hold in general, others are checkedbpo@e for all regression equations.

Assumption 1:Model is linear in parameters
The input of our Ordinary Least Squares estimaitioa linear equation and the model is thereforedlirin

parameters.

Assumption 2: The data are a random sample of the data gengraticess

We use all data available during the given time-s®election biases are avoided since all data-
observations in the given time-slot were availabfel used in our empirical analysis. You can argue
whether the chosen time-interval 1970-1995 is ramgochosen, however since it is such a long time

interval we assume that this will not give muchsbia

Assumption 3: The errors are statistically independent from anether
We presented the correlation matrices after thé&waid elimination procedures. In three times, sdigé
correlation coefficients are measured. We shoul@gware that using these estimation models canttead

over specification problems.

Assumption 4: The independent variables are not too stronglynear

The correlation matrices of our models after bagkiwelimination (Table 6 and Table 8) exhibit low
correlations for most regression parameters. Masetation figures are not that high that it giyeeblems
with multi-collinearity, as a practical rule of tmlp we say that a correlation larger than 0.9 orleméan
-0.9 is suspicious. At the regression model on labsalata-values for cows on yearly aggregated, dega
find a correlation of 0.94, which is troublesomee \Weglect the results of those model estimateshwhic

show significantly high correlations.

Assumption 5: The expected value of the residuals is zero
By using an intercept in every regression equatioa,expected value of the residuals is nearlyegéitb

Zero in every regression equation.

Assumption 6: The residuals have constant variance (homosceitgti
This assumption requires that the standard deviatiwl variance of the error terms (u) are constarsll
variables. If this assumption does not hold, thereged coefficient is open to question. To enshet we

have no, or small, heteroskedasticity in the d#ita, Whites heteroskedasticity test is used. Thithate
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tests whether the error terms are identically ihisted with the same variance. If the OLS techniigugsed
while heteroskedasticity is present in the datasés, possible that the standard errors are wramg) the
conclusion drawn from the test is not satisfactditye White test can be performed using SAS andsgive
the values for the Whites Test statistic. The iedtased on the residuals of the fitted model. mbk
hypothesis for this test maintains that the ereses homoscedastic and independent of the regreardrs
that several technical assumptions about the megkstification are valid. For details, see theorean@
assumptions 1-7 of White (1980). When the modebrsectly specified and the errors are independént
the regressors, the rejection of this null hypathés evidence of heteroscedasticity. We compaee th
calculatedy2 with the criticaly2. If the calculated value is greater than theoalitvalue we can reject the
null and we conclude that their might be heteroasBdity. Test results, presented in the next table
suggest that almost in all cases the null hypothese accepted. In the most right column indic#tes
probability that the test statistic is greater thiaa critical value following &2 distribution. Values lower
then 0.05 indicate that we can reject the null-lilgpsis. In other words heteroscedasticty in most

regression equations, except two, do not have tmwhsidered and do not lead to misspecifying errors

White Test statistics - Absolute regression equasio

Degr.of z2 Pr> 2
freedom
Steers Quarter 9 21.38 0.01
Semi-annual 20 20.22 0.44
Annual 2 6.57 0.04
Heifers Quarter 5 7.49 0.19
Semi-annual 20 16.00 0.72
Annual 5 4.83 0.44
Beef-cows Quarter 9 22.14 0.01
Semi-annual 9 11.77 0.23
Annual 5 5.12 0.40
Calves Quarter 9 12.95 0.17
Semi-annual 5 4.95 0.42
Annual 9 5.30 0.81
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White Test statistics - Relative regression equatio

Degr.of z2 Pr> 2
freedom
Steers Quarter 2 2.94 0.23
Semi-annual 14 15.97 0.32
Annual 2 0.67 0.72
Heifers Quarter 9 11.91 0.22
Semi-annual 20 20.48 0.42
Annual 5 6.19 0.29
Beef-cows Quarter 9 12.95 0.17
Semi-annual 5 4.95 0.42
Annual 9 5.30 0.81
Calves Quarter 2 4.90 0.09
Semi-annual 14 8.17 0.88
Annual 5 3.52 0.62

Assumption 7: The residuals are normally distributed

We test for normality of the residuals by condugtia Jarque-Bera téstThe next tables gives the
Jarques_Bera test results for every regressiortiequiVe present the Jarque-Bera test statisticcthical
value following a asymptotic chi-square distributidf the residuals are normally distributed, tihgdgram
should be bell-shaped and the Jarque Bera statistiold not be significant. We can conclude thastmo
residuals are normally distributed. In these cageshow the residual normal probability plot to ibith

what problems exist. We see that the residualshatenormally distributed since the distribution tbe

4 Here we following the definition and calculationfsthe Jarque-Bera test as expressed on http:ilépedtia.org/wiki
/ Jarque—Bera test: In statistics, the Jarque-Bstas a goodness-of-fit measure of departure flormality, based on

the sample kurtosis and skewness. The test is naftezdCarlos M. Jarque and Anil K. Bera. The statistic JB is

(K-3?

n
defined as]B=€ HSZ + ) where n is the number of observations (or degréie@dom in general); S is

the sample skewness, K is the sample kurtosissiistic JB has an asymptotic chi-square distidbutvith two
degrees of freedom and can be used to test thaypdthesis that the data are from a normal digtioh. The null
hypothesis is a joint hypothesis of the skewnessglmero and the excess kurtosis being 0, sincglssnfrom a
normal distribution have an expected skewnessasfddan expected excess kurtosis of O (which isadnge as a
kurtosis of 3). As the definition of JB shows, atgwiation from this increases the JB statistic. fiiséograms tells us
that the residuals are either highly skewed orasgmted.
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residuals are either highly skewed or some outlead to problems. The last figures include sonseltel
representations of those models that are highlwete

Table 9: Jarque Bera Test Statistics, Absolutecstmal model

STEERS - Quarterly

JB-Statistic 7,28
Critical Value 5,99
P-Value 0,03
Normality FALSE

HEIFERS - Quarterly

JB-Statistic 5,75
Critical Value 5,99
P-Value 0,06
Normality TRUE

COWS-Quarterly

JB-Statistic 95,46
Critical Value 5,99
P-Value 0,00
Normality FALSE

CALVES - Quarterly
JB-Statistic

1,06
Critical Value 5,99
P-Value 0,59
Normality TRUE

Jarque Bera Statistic - Summary - After

backward elimination
STEERS - Semi-Annual

JB-Statistic 3,38
Critical Value 5,99
P-Value 0,18
Normality TRUE

HEIFERS - Semi-Annual

JB-Statistic 0,60
Critical Value 5,99
P-Value 0,74
Normality TRUE

COWS - Semi-Annual

JB-Statistic 32,58
Critical Value 5,99
P-Value 0,00
Normality FALSE

CALVES - Semi-Annual

JB-Statistic 0,37
Critical Value 5,99
P-Value 0,83
Normality TRUE

STEERS - Annual

JB-Statistic 1,86
Critical Value 5,99
P-Value 0,39
Normality TRUE

HEIFERS - Annual
JB-Statistic

0,72
Critical Value 5,99
P-Value 0,70
Normality TRUE

COWS - Annual

JB-Statistic 0,47
Critical Value 5,99
P-Value 0,79
Normality TRUE

CALVES - Annual
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JB-Statistic 1,11
Critical Value 5,99
P-Value 0,57
Normality TRUE




Table 10: Jarque Bera Test Statistics, Absoltrtecaural model

Jarque Bera Statistic (delta equations)- Summary - After backward elimination
STEERS - Quarterly STEERS - Semi-Annual

STEERS - Annual
JB-Statistic 1,50 JB-Statistic 5,15 JB-Statistic 0,49
Critical Value 5,99 Critical Value 5,99 Critical Value 5,99
P-Value 0,47 P-Value 0,08 P-Value 0,78
Normality TRUE Normality TRUE Normality TRUE

HEIFERS - Quarterly HEIFERS - Semi-Annual

HEIFERS - Annual
JB-Statistic 2,10 JB-Statistic 2,58 JB-Statistic 1,90
Critical Value 5,99 Critical Value 5,99 Critical Value 5,99
P-Value 0,35 P-Value 0,28 P-Value 0,39
Normality TRUE Normality TRUE Normality TRUE

COWS-Quarterly COWS - Semi-Annual

COWS - Annual
JB-Statistic 1,46 JB-Statistic 1,27 JB-Statistic 1,43
Critical Value 5,99 Critical Value 5,99 Critical Value 5,99
P-Value 0,48 P-Value 0,53 P-Value 0,49
Normality TRUE Normality TRUE Normality TRUE

CALVES - Quarterly CALVES - Semi-Annual

CALVES - Annual
JB-Statistic 1,53 JB-Statistic 0,44 JB-Statistic 0,97
Critical Value 5,99 Critical Value 5,99 Critical Value 5,99
P-Value 0,47 P-Value 0,80 P-Value 0,62
Normality TRUE Normality TRUE Normality TRUE

Residual- Steers-Quarterly

18

16
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Residual- Cows-Quarterly
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Figure 42: Residuals Cows quarterly and semi anmoatiels
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