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CHAPTER |

INTRODUCTION

Background

Impacts of captive supplies have been studied over the past couple decades mostly
for fed cattle. Captive supplies refer to livestock that are committedpeciis buyer
two weeks or more before slaughter (Ward 2007). There are three typesiad sapply
methods commonly used by packers; marketing and purchasing agreements, forward
contracts, and packer ownership of livestock. In the traditional procurement method,
known as a cash (spot) market purchase, buyers observe cattle at the feed yard a
purchase cattle for lot-specific price bids, based on a live-weight badite giachased
by the traditional methods are usually shipped to buyers within about 1 week of purchase
(Schroeter and Azzam 2003).

The term captive supplies has more recently been replaced by alternative
marketing arrangements (AMAS) since the mandatory price repaystgm began in
2001 (Ward 2008). The Agricultural Marketing Service (AMS) categorizeketiag
and purchasing methods differently. For fed cattle, AMAs include negotiatelnbges;
negotiated grid purchases, formula marketing arrangements, forward trarat

packer owned transfers. For slaughter hogs, AMASs include negotiated puydéses



market formula purchases, other market formula purchases, other purchageraenats,
and packer-owned transfers.

The use of AMAs for the beef and pork industries has increased. Especially, in
the pork industry, the reliance on AMAs is high. Hog producers, cattle feaddmeat
packers gain benefits from the use of AMAs. For producers and cattledeleeleefits
include improved price risk management, improved access to financing, a guaranteed
buyer, increased quality premiums, improved information, and reduced marlasiag c
For meat packers with captive supplies, important benefits include secutigbtsia
needs for their plants, having more control over the type and quality of cattle and hogs,
and reducing procurement costs (Muth. et. al. 2005).

The increased use of AMAs in the beef and pork industries generates many
concerns about effects of market efficiencies, preferential pricingekatmeatpacking
firms and livestock suppliers, and the contribution to profits. One reason that the
increased use of AMAs between packers and feedlots has raised concerns is the
incomplete information about prices. Accurate information on prices for individu#dl AM
transactions plays an important role in improving market efficiency aneasiag
transparency in the market. In previous studies before mandatory pacengp
researchers conducted their studies about captive supplies with data colletied by
voluntary price reporting system. Results from those previous studies led tomsiesti
about the effectiveness of voluntary price reporting.

In 2001, Mandatory Price Reporting (MPR) was implemented in part to increase

information available on captive supplies. According to studies relative to tloésedfe



MPR, the mandatory price reporting system created several new dasaregarding
volume and prices for purchases of livestock by packers under AMAs, and @ttreas
transparency regarding use of AMAs (Ward 2008). These new, accessiblaplgta
impacts of AMAs could be more clearly analyzed in economic and statiss$igatts. In
addition, precise information between price series will aid producers and buglezs m
choices regarding marketing methods, as well as policy makers to démtewuse of
AMAs has positive or negative effects on livestock and meat industries. Asdd fheer
economic effects of AMAS, this research will analyze how price sefessafMAs for

fed cattle and hogs are related, and how each price affects each other.

Objective

The general objective of this paper examines hypotheses regarding the
relationship between the negotiated cash price and each individual aleematketing
arrangement (AMA) using cointegration and causality tests. The specifatiobgeare 1)
to estimate whether or not the linear combinations of prices for AMASs inalude
equilibrium relationship ( price are cointegrated), and if the pricesoargegrated, how
many cointegrating ranks exist between negotiated cash markest prd individual
prices of AMAs for fed cattle and hogs; 2) to analyze the sign of théoredhtp between
the cash market price and other procurement prices based on the existence of
cointegration; 3) to determine the extent of the speed that prices for AMAs mdvi® bac

their equilibrium if prices for AMAs are cointegrated; and 4) to estiniegelirection



toward which prices for AMAs affect other prices based on a vector errmection
model.

This paper reports on Johansen’s cointegration tests to determine whether there
exists an equilibrium relationship in the long run between negotiated cash pracks
and individual AMA prices. In addition, if it is determined that prices for fedecatttl
hogs are cointegrated, this paper reports on estimates of the existenceegratny
vectors. To confirm results from Johansen’s cointegration tests, the StoakrVikssis
estimated. Based on the existence of the cointegration in price seried tattle and
hogs, this paper determines relationships between the cash market iutiotisest
procurements prices when the market enters the long run, as well as theceske of

market prices in price discovery.



CHAPTER Il

LITERATURE REVIEW

Previous studies have analyzed the effects of using different types atmark
arrangements on transaction prices for fed cattle, but, in most cases, studied fot
the impacts of captive supplies on cash market prices rather than theedatahship
between price series of captive supplies.

Ward, Koontz, and Schroeder (1998) estimated impacts of captive supplies on
transaction prices for fed cattle based on an inventory of captive supplies. The author
found captive supplies negatively affect transaction prices, but the effecimall.

Capps et al. (1999) estimated characteristics related to the choices dfléed ca
procurement and pricing methods with daily data collected from April 1992 to April 1993
by a using multinomial logit model. The methods of procurement and pricing actedffe
by several market condition variables and information about the beef industry.

Schroeter and Azzam (2004) estimated the relationship at the plant levelrbetwee
cash market prices and captive supplies for fed cattle. When plants have higks dégree
reliance on captive supplies, the plants are a concern to their regiokat maals and
the plants pay below average prices in the spot market. Increasing upéwa sapplies

induces negative impacts on spot market prices.



Hunnicutt, Bailey, and Crook (2004) estimated relationships between feedlots and
packers in the fed cattle case. They found that feedlots are prefereanhkyably
connected to packers. These relationships implicitly imply there could be stabl
relationships among the prices for AMAS.

Koontz and Ward (2008) estimated the impacts of the mandatory price reporting.
They found that mandatory price reporting helped analysts and industsyofiser
mandatory price reports access data not previously available about praesdis@hey
also suggested mandatory price reporting increased transparency arafq@mgcation.

Pendell and Schroeder (2006) attempted to address price discovery efficiency and
overall market performance across fed cattle regions and the effetislementing a
mandatory price reporting system under data collected by mandatory poctng
(MPR). The authors empirically tested how mandatory price reportingthasnced
spatial market integration among five major U.S regional fed cattle tsaflkeidentify
long-run price relationships among five major U.S regional fed cattleetsarkhe
authors used cointegration testing procedure. The distinguishable point of this paper wa
the application of new weekly data since implementing MPR. This study usedtavari
and multivariate time-series models in order to examine spatial margtaton
relationships. First, nonstationarity of each individual price series wasltestd then the
Augmented Dickey-Fuller (ADF) unit root test was used to test statiomdrgtstimated
residuals by using Ordinary Least Squares (OLS) to determine whetladnesare
cointegrated or not. The next step was to estimate the number of cointegrating lvgctor

the Johansen approach. The fact there were cointegrating vectors implies that t



economic system is stable. Also, this paper estimated the possible struwngesin

fed cattle price relationships by allowing for structural change in teecept and the
slope vector. They found there existed a long-run relationship among all fieeakfgd
cattle markets from results of the Engle-Granger approach for bivaraatels and
Johansen’s cointegration test for multivariate models. These cointegrated Iretadket
prices did not tend to diverge from one another in the long run. Also, markets were
cointegrated regardless whether or not they allowed for a structural achahge
relationship at the beginning of MPR. Authors found that after the implementation of
MPR, the five regional fed cattle markets became more integrated, andd=zhthat
MPR increased the content of price information and the level of trust in the information
by users compared with prior to MPR.

Muth et al. (2008) estimated fed cattle price and price risk differences across
AMAs with using data collected from October 2002 to March 2005 by 29 large beef
packing plants. The authors concluded AMAs was the best contract methods between
price level and price risk. Also they found that forward contracts had the lawersige
prices among AMAS, but prices were more volatile than others.

The study of preferential pricing between meatpacking firms and livestock
suppliers in fed cattle and hogs was conducted by Ward (2008). This research examined
the behavior of weekly AMA prices for the first seven years of mandatmey pr
reporting, both for fed cattle and hogs. The author used weekly data which wecgecoll
in part by the Livestock Marketing Information Center and Texas Gattéeler

Association, as well as the author. The author used largely graphicalismatiss



paper. For fed cattle, prices by AMASs tracked cash market pricesyclagie the
exception of forward contracts. In hogs, swine market formula arrangensakisdicash
market prices very closely, though other formula arrangements and otharepneat
method prices did not. This study concluded that both for fed cattle and hogs,
arrangements that include some sort of price risk management element cid¢koagh
market prices as well as those that simply facilitated price discaedriotthe cash
market. Also, no procurement method consistently paid higher or lower prices than
another. Finally, cash market prices lead AMA prices in upward trending s aurke
trailed AMA prices in downward trending markets.

Previous studies imply that researchers need to directly investigate t
relationship between prices in the spot market and AMASs. This paper will apgroa
prices across AMAs are linked to each other by using different methods. Theampir
model underlying this study will be built on the existing theoretical ltieeafPendell

and Schroeder 2006).



CHAPTER IlI

CONCEPTUAL FRAMEWORK

Many macroeconomic time series tend to be nonstationary in their levels. In order
to analyze relationships among nonstationary time series, the cointegréatisrugesul.
Many researchers have used the Engle and Granger (1987) proceduragrfaesti
cointegration, but this procedure has some flaws (Pendell and Schroeder 2006). Suppose
price series are more than two and only one cointegrating vector exists. Haveker
can be more than one cointegrating vector in multivariate models. These probiewis ca
be solved by the Engle and Granger approach. To treat these deficid¢olcassen
(1988), and Stock and Watson (1988) have suggested alternative tests for cointegration
and methods for estimating the cointegrating vectors (Dickey et. al 1991).

Ward (2008) estimated the existence of preferential pricing by packéraevy
weekly data. The author found according to the graphical analysis thatatedgfiid
prices and formula prices for fed cattle closely track negotiated cagletrpaces but the
forward contract prices were slightly different from others. In the heg, @her formula
prices and other purchase prices except for the swine market formula pdioes ttack
the cash market prices closely. Figures 2 and 3 show those results. \Blityajqear

some track more closely than others?



Each AMA price for fed cattle and hogs is based on a different pricinggs.dce
fed cattle case, the negotiated cash market price is based on the casipntarket
discovered by negotiation between buyer and seller. The formula price is based on the
base price for a grid tied to a quoted cash market price, such as thaterersighted
average price or top-of-the-market price or tied to the plant average prtbe for
slaughter plant. The forward contract price is based on the basis contthdtsewirice
tied to basis (cash market price minus closing nearby futures contrajt pric

In the hog case, the negotiated cash market price is based on the cash market price
determined by negotiation between buyer and seller. The swine market forroels pr
based on the base price for carcass merit tied to a quoted cash market prce, like
formula price for fed cattle. An other formula price is a price tied toltsng nearby
futures contract price. An other purchase price is based on the price which isrégcove
by a formula which might be tied to cost of production or window contracts. These
results implicitly imply some prices for AMAs would be cointegrated in baties for
fed cattle and hogs.

Also, Ward (2008) found cash market prices lead prices for AMAs only on rising
markets. Last week’s cash market price mainly affects this weakés pihis indicates
that the information from the last week’s cash market price is a kegelemprice
discovery. Thus, one would expect cash market prices would largely affect intividua
AMA prices by estimating the direction of causality between the negdtcash prices

and each price for AMAS.
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In this paper, the Johansen, and Stock and Watson approaches to cointegration
will provide a framework to analyze long-run price relationships among AMZ&gifor
fed cattle and hogs. Conceptually, the results from the Granger catestliyill provide

us with insight into the efficiency of price discovery in the fed cattle andriaogets.

Data
Data were compiled from multiple Agricultural Marketing Ser(ia#S),
USDA, Mandatory Price Reports. By number, reports include: fed cattle-LN5@T
LM_CT151, LM_CT153, LM_CT163, LM_CT164, LM_CT165, LM_CT166, and
LM_CT167; hogs- LM_HG200. All data can be accessed at

http://www.ams.usda.gov/AMSvl.0/ams.fetchTemplateData.do?templateateiim

aviD=MarketNewsAndTransportationData&leftNav=MarketNewsAnd TpanstionDat

a&page=MarketNewsAndTransportationData&acct=AMSPW

Data were collected in part by the Livestock Marketing InformatiaméZeand Texas
Cattle Feeders Association, as well as Ward and his associates. [Datathsepaper
are the same as data used by Ward (2008).

Weekly time series price data for fed cattle and hogs were cadllzora May
2001 to May 2008. In the negotiated grid price data for fed cattle, missing observation
numbered 151 because the negotiated grid price was only continuously repoded sinc
April 2004. In the forward contract price data series for fed cattle, missiegvatisns
were 13. Summary statistics of the weekly price series for both fed cattieogs in

levels and first differences are presented in table 1.
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Table IlI-1. Summary Statistics for Fed Cattle and Hogs ProcuremenPrices, May
2001- May 2008

Procurement Standard

method N Mean deviation Min Max

Fed cattle

Levels ($/dressed cwt)

Negotiated cash price 364 131.16 15.90 97.90 177.97
Forward contract price 351 132.01 15.34 15.34 161.82
Negotiated grid price 213 139.79 7.14 7.14 157.95
Formula price 364 131.72 15.72 15.61 166.39
First difference

dNegotiated cash price 363 0.08 3.74 -19.75 23.96
dForward contract price 350 0.11 3.79 -24.04 20.33
dNegotiated grid price 212 0.07 2.16 -6.94 4.88
dFormula price 363 0.09 3.22 -18.48 15.20
Hogs

Levels ($/live cwt)

Negotiated cash price 364 59.35 10.75 28.88 80.59
Other formula price 364 58.91 6.10 39.70 71.80
Swine formula price 364 59.17 10.34 29.56 80.28
Other purchase price 364 60.81 6.27 49.79 74.28
First difference

dNegotiated cash price 363 -0.02 2.79 -10.50 7.77
dOther formula price 363 0.02 1.54 -4.50 6.21
dSwine formula price 363 -0.02 2.47 -11.29 6.93
dOther purchase price 363 0.01 1.61 -6.29 4.30

13



Methods

Figure 3 shows the step by step procedure followed. First, stationatstyues
root) of individual prices series across AMAs for fed cattle and hogs were ¢edduc
using the Augmented Dickey-Fuller (ADF) test. If individual price seamsss AMAS
are nonstationary (have a unit root), then one can perform cointegration tests. On the
other hand, when individual price series are stationary (have no unit root), a vector
autoregressive (VAR) model in levels is appropriate.

Second, cointegration tests based on the ADF test determine whether thisre exi
a long-run relationship among the AMA price series in bivariate and multivanzdels.
If prices are integrated of the same order but prices of each model are negredéatt,
VAR model in first differences is appropriate. If prices are integratétecsame order
and prices of each model are cointegrated, a vector error correction moQ@al V&
appropriate to determine the multivariate relationships among pricedyHozased on
the vector error correction model, causality tests are conducted to edtiomabne price

affects another price between pairs of AMAs.

14
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CHAPTER IV

ESTIMATIONS AND RESULTS

Stationarity Tests

The stationarity of a time series can be tested with the Dickeyfeske
Consider the AR (1) model for the time series variable
Xe = PXp_q + V¢ (1.1)
Assume that, is a random disturbance with zero mean and constant vatighcén
this model, ifp = 1 thenx, is the nonstationary random walk, = x;_; + v;, which
means the model has a unit root.dfi < 1 then the model (1.1) is stationary. Therefore
one can test the null hypothesis that 1 against the alternative that| < 1. To obtain
the differenced model by subtracting ; from both sides of (1.1):
Xp = Xe—1 = PXe—1 — Xe—1 t Vi,
Ax;_; = (p— Dxt_1 + v¢, and
Axeq = YXeq + Ve, (1.2)
wherey = (p — 1).
Then the null hypothesis is that= 0, and the alternative hypothesis is that 0.

There are three regression equations that can be used to test for tmeexiste

unit root;

16



Ax;_1 =yx;_1 + v (No intercept), (1.3)
Ax;_1 = ag+vyx._1 + v¢ (Intercept but no time trend), (1.4)
Axi_q = ag +yxi—1 +a,t+ v, (Intercept and time trend). (1.5)

The difference among the three regression equations are the detecministi
elementsy, and a,. The first equation (1.3) is a pure random walk model, the second
equation (1.4) includes an intercept or random walk with drift, and the third equation
(1.5) includes a drift and time trend. The critical valueyfer0 depend on whether
equations include an intercept or time trend, as well as sample size. Thiesfatis
three different equations ater, ,andz,, respectively.

However, all time series processes cannot be represented by tbedinst-
autoregressive process. It is possible to usglaorder autoregressive process:
Xe = Qo+ A1 X1 + QX p + A3Xp_3 + -+ Qp_ 1 Xp_piq + ApXep + Vi, (1.6)
Add and subtraat,x;_,1 from (1.6):
Xe = Qo+ A1 Xi_q + QpXp_p + A3Xp_3 + -+ (ap_1 +a, )xt_p+1 — apAxi_p + v (1.7)
Again, add and subtra€t,_; + a, )x;—,+, from (1.7):
Xp = Qg+ QX1 + X + o+ (poq + ap )DX_piy — ApAX_piq + Ve, (1.8)
Therefore, this results in
Ax, =ag +yxeq + XNizi Bidxei + vy, (1.9)
wherey = —(¥iL,a; ), andB; = Y7 a; .

In the extended Dickey-Fuller test, called an Augmented Dickey-Full@F)A

test, the coefficient of interestys If y = 0 (or)j=, @; = 0), the equation has a unit root.

17



Also, we determine the order of integration of each price series by the ADFHes
ADF test uses the same three statistics as the DF test mentioned above.

This paper applies the equation (1.4) that includes an intercept but no time trend.
There is a question concerning whether it is most appropriate to estimate thensqua
(1.3), (1.4) or (1.5). Data used in this paper do not include time trends and thus, the
equation (1.4) is appropriate. The lag length is determined by the Akaike Itiftorma
Criterion (AIC).

Tables 2 and 3 report the augmented Dickey-Fuller (ADF) tests for feel @attl
hogs estimated in levels and first differences, respectively.

Table IV-1. Augmented Dickey-Fuller (ADF) Results for Fed Catt with Weekly
Data, May 2001-May 2008

Test results after

Procurement methods Test results in levels first-differencing
Negotiated cash price -1.92(3) -11.43**%(2)
Forward contract price -1.45(2) -16.40**(1)
Negotiated grid price -3.09(5)** -5.51**(4)

Formula trade price -1.80(3) -11.53**(2)

Notes: Double (**) indicate the rejection of thellmuypothesis that there is a unit root at the 5%
significance level. The critical value at the 5%4s86. The numbers inside parenthesis () arelibsen
lag length. Each equation included an intercepnbttime a trend is estimated by ADF test.

Table IV-2.  Augmented Dickey-Fuller (ADF) Results for Hogs with Wekly Data,
May 2001-May 2008

Test results after

Procurement methods Test results in levels first-differencing
Negotiated cash -2.69(3) -12.03**(2)
Other formula -1.79(1) -21.30**(0)
Swine formula -2.66(3) -11.54**%(2)
Other purchase -3.07(3)** -14.98**(0)

Notes: Double (**) indicate the rejection of thellfwypothesis that there is a unit root at the 5%
significance level. The critical value at the 5%286. The numbers inside parenthesis () arelibsen
lag length. Each equation included an intercepnbtime a trend is estimated by ADF test.

18



Fed cattle - The middle column of table 2 indicates the negotiated cash, forward contract
price, and formula prices fail to reject the null hypothesis that pricesastationary
(have a unit root) at the 5% significance level. However, negotiated gres peject the
null hypothesis at the 5% significance level which means the negotiatedigedspr
stationary (no unit root) at the 5% significance level.

Hogs— The results fail to reject the null hypothesis that each individual price serie
nonstationary (has a unit root) at the 5% significance level but not other purdcase pr
The middle column of table 3 shows that the price series except for other pyvdcas
are nonstationary at the 5% significance level. Other purchase preeeistngj null
hypothesis of nonstationarity at the 5% significance level. That is, other panghees
are stationary (no unit root) at the 5% significance level.

To make each price for fed cattle and hogs stationary, they need to be
transformed. The last column of tables 2 and 3 shows that after first diffeyerach
price series, all prices for fed cattle and hogs are stationary at thgrificance level.
Thus, it is concluded that after first differencing each of the hog price,s#tiase
integrated of order ondl, (1)]. Both for fed cattle and hogs, if all prices in levels are
nonstationary at the 5% and 1% significance level, respectively andca$ jomifirst
differences are stationary at the 5% significance level then one can cooithtiegration

tests.
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Johansen’s Cointegration Tests

Based on the augmented Dickey-Fuller (ADF) test, cointegration tedesifor
cattle and hogs are possible because prices for hogs are integrated of drdot, Brid
are conducted by Johansen’s approach in bivariate and multivariate models.

David et al. (1991) stated that cointegration means one or more linear
combinations of nonstationary economic variables are stationary. If those omastat
variables are cointegrated, they cannot move too far away from each other. On the
contrary, the lack of cointegration among a set of integrated variablessmplieng-run
equilibrium among the variables, so that they can wander arbitrarily fardagh other.

To perform cointegration tests, one should consider four important points noted
by Enders (2003). First, cointegration refers to one or more linear combinations of
nonstationary variables. Second, all variables must be integrated of the dame or
However, this condition is not necessarily required in all cases. It is possible t
variables are integrated of different orders. Third, there may be as swaiylimearly
independent cointegrating vectors if a linear combination of nonstationary vaitase
variables. The number of cointegrating vectors is called the cointegrating yalf
more than two time series are considered, it is possible to have more than one
cointegrating rank. Finally, consider the case in which each variabl@m®atsingle unit
root. Before conducting the cointegration tests, the lag lengths armoheté by using

the minimum value of the Akaike information criterion.
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In order to conduct Johansen’s cointegration test, a vector error correcti@h m
(VECM) was used. Assumgandx; are price series; then using matrix notation where
=, xe)":
2= A12¢ 1t Axzy ot ARz g U (1.10)
Equation (1.10) is reformulated as a VECM as follows:

Az =T1Az;_4 +T2Az;_, +---+TK-1AZ;_ )y +11zi_q +uy, (1.11)
wherel'i= (I -A;- A,--+--4;) (1=1,2,..., K-1) andIl = - ([ -A;- A,-----A;). One needs to
examine the 2 matrixes]I, because each bivariate model has two variablgsin
[v:, x¢]. TheIl matrix contains information regarding the long-run relationships. Matrix,
IT, is decomposed hyp' wherea will include the speed of adjustment at which each
variable moves back to its long-run equilibrium wifilevill contain the cointegrating
vectors that represent the underlying long-run relationship. For simplictpaipier

assumes that k=2. The model is then the following;

A _ Ays_ _

() =n(@o)+nQo) + e (1.12)
or

AN Ay x11 _

(2) =6 (2) + (ay) B B (%t) + e (1.13)
To analyze only the long-run term:

a11$11  a11P12 _ Ve-1(a11f11) + Ye—1(a11812)
Hz_=<11 )yu: , 1.14
1 \agi B az1Bin (xt-l) Xe—1(02111) + x¢—1(a21512) ( )

equation (1.14) can be rewritten as:

a1 (P11Ye-1 + ,312yt—1)]l (1.15)

Iz,_, = [
et 21 (Br1%e—1 + P12Xr—1)
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Equation (1.15) shows one cointegrating vector with its respectesdspf adjustment
termsa;;anda;,.

One objective of this study is to determine not only whether prices faafdd
and hogs are cointegrated but also determine the number of cointegrating,raypks
using the Johansen method. Two null hypotheses are tested using the isiteastdt
max statistic. The first null hypothesis is that a linear model of two pnicesdes no
cointegration. The second null hypothesis is that there re¢ist-1) cointegrating
vectors, whera is the number of variables.

There are two test statistics in Johansen’s cointegration approach. Ehe trac
statistic is based on a likelihood ratio test. The trace statistic detsrmimeher the trace
is increased by adding more eigenvalues beyondhheigenvalue. For the trace statistic,
the null hypothesis is that the number of cointegrating vectors is equ#ét$0) against
the alternative null hypothesis that0. This statistic is calculated by:

Mracdr) = - T X%, .1 In(1 — Ar +1). (1.16)

The max statistic tests the null hypothesis thitagainst the alternative
hypothesis that=1 cointegrating vectors. The test consists of ordering the largest
eigenvalues in descending order and considering whether they are sidgyifidéertent
from zero. In order to estimate how many of the eigenvalues are signifidéfehgnt
from zero, the max statistic is calculated by:

Amax(r,r+1) = - T In(LAr+1). (1.17)
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Johansen’s cointegration tests report two different estimates from differe
VECM (p) equations. One result is reported under the condition that there is a separate
drift but no separate linear trend in VECP) form. This is written by:
Az, = af'z, + Y0 @ Az, + 8y + €. (1.18)
Another result is reported under the condition that there is no sefafata the VECM
(p) form but a constant enters only via the error correction term. This isninifte
Azy = a(B',Bo) (ze-1, 1) + T2, @1 Azpy + €y (1.19)

For fed cattle and hogs, this paper allows no separate drift in the VEQbdtr,
but allows a constant via the error correction term, (1.19).

Based on the ADF test, cointegration tests were estimated. In this paper,
cointegrating vectors are important estimates to confirm the exestérmointegration.
When the liner combinations include more than two nonstationary variables, it is @ossibl
that there exist more than one cointegrating vectors. Cointegrating veepbyshat the
economic system is stable.
Fed cattle - Table 4 presents the results of cointegration tests for fed cattle. horaesac
the null hypothesis is rejected if the test statistic is larger thanitivalovalue. In
bivariate models, according to the trace statistic, the first null hypotkesigcted that

prices are not cointegrateds=0), at the 5% significance level.
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Table IV-3. Johansen’s Cointegrating Tests for Fed Cattle

Trace statistic Max statistic
5% Critical 5% Critical
Variables Ho Atrace Value Ho Amax Value

Bivariate model
Negotiated cash pric

0 35.98* 19.99
Forward contract price r=1

0 32.45** 15.67
3.53 9.13 1

3.53 9.24

Negotiated cash pri

0 94.16* 19.99
Negotiated gri 1

0 84.40** 15.67
9.75%* 9.13 1

9.75**  9.24

Negotiated cash pric

0 107.74* 19.99
Formula price 1

0 104.01** 15.67
3.72 9.13 1

3.73 9.24

Multivariate model

Negotiatei cash price  r=0 115.15** 53.42 r=0 62.99** 28.14
Forward contract price r=1  52.16** 34.80 r=1 25.59**  22.00
Negotiated grid pric r=2  26.58** 19.99 r=2 22.72** 15.67
Formula price r=3 3.65 9.13 r=3 3.65 9.24

Notes: Double (**) indicates the rejection of niajlpotheses that there are cointegrating vectareds%
significance level.r is the number of cointegrating rank.

To confirm the number of cointegrating vectors, one tests the second null
hypothesis. The second null hypothesis that there are at most one cointegting ve
(r=1), is failed to reject at the 5% significant level. However, in the model of aégpbti
cash prices and negotiated grid prices, the second null hypothesis is rajebee8%
significance level. That is, this paper found more than one cointegrating vedter in t
model of negotiated cash prices and negotiated grid prices.

To make results from the trace statistic robust, the max statistidseas a
conducted in the bivariate models for fed cattle. The first null hypothesis=that
rejected against the alternative hypothesisrthat However, results failed to reject the
second null hypothesis thiatl against the alternative hypothesis tht, except for the
model of negotiated cash prices and negotiated grid prices. In the model dditeelgot
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cash prices and negotiated grid prices, the result rejects the second null hyplothes

r=1; namely, this paper found two cointegrating vectors. It is not possible thatiateivar
model can have two cointegrating vectors. Thus, this paper can conclude that ttesse pri
are not cointegrated.

Finally, from the two statistics it can be concluded that prices for tdd ese
cointegrated, and there is one cointegrating vector in bivariate modejs éxcine
model of negotiated cash price sand negotiated grid prices for fed cattle.

In the multivariate model, one also tests both trace and max statistics. According
to the trace statistic, the first, second, and third null hypothesasthat=1, andr=2 are
rejected at the 5% significance level. However, the fourth null hypothesihénatare 3
cointegrating vectorsr£3), at the 5% significance level couldn’t be rejected. Thus, for
fed cattle, the multivariate model has 3 cointegrating vectors. Based on tistatistic,
the null hypotheses thet0,r=1, andr=2 are rejected at 5% significance level.
However, the fourth null hypothesis could not be rejected at the 5% significankce leve
that the number of cointegrating ranks is 3, against the alternative nulhbgothat
there are 4 cointegrating vectors. In the multivariate model for fdd,dhit paper found
that there are three cointegrating vectors.

Hogs - Table 5 shows the results of cointegration tests for hogs. For hogs, in bivariate
models, according to the trace statistic, the first null hypothesieidedjthat all prices
are cointegratedr£0), at the 5% significance level. To confirm the number of
cointegrating vectors, the second null hypothesis is tested. The second null hgpothes

that there are at most one cointegrating vected,)( is failed to reject at the 5%
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significant level. Results show that there is at most one cointegratirgg weetach
bivariate model.

Table IV-4. Johansen’s Cointegrating Tests for Hogs

Trace statistic Max statistic
5% Critical 5% Critical
Variables Ho Atrace value Ho Amax value

Bivariate model

Negotiated cash pric  r=0 19.62**  19.99 r=0 15.97** 15.67
Other formula price r=1 3.65 9.13 r=1 3.44 9.24
Negotiated cash pric  r=0 49.50**  19.99 r=0 41.21* 15.67
Swine formula price r=1 8.23 9.13 r=1 8.22 9.24
Negotiated cash pric  r=0 21.81**  19.99 r=0 14.49** 15.67
Other purchase price r=1 7.10 9.13 r=1 7.06 9.24
Multivariate model

Negotiated cash pric r=0 72.87** 53.42 r=0 37.21* 28.14
Other formula price r=1 35.66**  34.80 r=1 21.78* 22.00
Swine formula price r=2 13.88 19.99 r=2 11.16 15.67
Other purchase price r=3 2.71 9.13 r=3 2.71 9.24

Notes: Double (**) indicates the rejection of nijtpotheses that there are cointegrating vectdreds%
significance level.r is the number of cointegrating rank.

To make results from the trace statistic robust, the max statistialsatested in
the bivariate models for hogs. The first null hypothesis is rejectedtBatgainst the
alternative hypothesis thet1, but the statistic failed to reject the second null hypothesis
thatr=1 against the alternative hypothesis ti¥&. Thus, it can be concluded there is one
cointegrating vector in each bivariate model.

Finally, from the trace and max statistics it can be concluded that shere i
evidence of cointegration in prices for hogs as well as there is onegratirig vector.

In the multivariate model, both trace and max statistics are calculateor.diw

to the trace statistic, the first and second null hypothesestand =1 is rejected at
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the 5% significance level. However, the third null hypothesis, that the cointegiatiks
are two, could not be rejected at the 5% significance level. Thus, for hogs, the
multivariate model has 2 cointegrating vectors in levels. Based on the msticstthte
first and second null hypotheses tha0 and =1 is rejected at 5% significance level.
However, the third null hypothesis could not be rejected at the 5% significance l¢vel tha
the number of cointegrating rank is 2, against the alternative null hypotheslsetigahrte
3 cointegrating vectors. In the multivariate model, prices are cointegraddtexe are 2
cointegrating vectors.

Based on Johansen cointegration tests, this paper estimated whether or not prices
for fed cattle and hogs are cointegrated and there-Areointegrating vectors. In
bivariate and multivariate models for hogs, this paper found that prices aegcaiatl,
and there is one cointegrating vector in bivariate models. In multivaniade!, prices
are cointegrated, and there are two cointegrating vectors. However, in atbivaodel
of negotiated cash prices and negotiated grid prices for fed cattle, thipajzenot
find that prices are cointegrated. This paper might concern that this bivaode
include negotiated grid prices that have the number of missing prices. Sucigmiss

prices might affect the results from cointegration tests.

Stock-Watson’s Common Trends

Stock and Watson (1988) stated that the parameters of the cointegrating vector

must be such that they purge the trend from the linear combination. That is, any linea
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combination of the two variables contains a trend. Consider two cointegrated varjables

andx; :
Yt = Zp T Uy, (1.20)
xt == Wt + vt. (121)

wherez; andw, are random walk processes representing stochastic trends, and,
are stationary processes. The linear combination of these two variables ca

written:y, — ax;, (1.22)

wherea # 0.

Assume for simplicity that = 1

Ve — x¢ = (Ze —we) + (U — vp), (1.23)
The random walk component must be zere; w, = 0, because those variables are
cointegrated. That is, cointegrationygfandx; implies that they share the same common
stochastic random walk component. If there are n cointegrated series widgcaing
rankr < n, then these series hanve common trendsng=n-r).

In the Stock-Watson test, the null hypothesis is that thema aoenmon trends
(n-r=m) against the alternative that there mré trends. Testing for cointegrating vectors
in Johansen’s cointegration tests is roughly similar to testing for common inethes
Stock-Watson cointegration test. The Stock-Watson test is estimatesinigythe kernel
method. When the test statistics are more negative than the critical haltesttrejects
the null hypothesis that there anecommon trends against the null hypothesis nirat

(less thamm).
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Fed cattle - Table 6 displays the results from the Stock-Watson’s common trends test for
fed cattle. In the bivariate models, except for the model of negotiated oze$h qond
negotiated grid prices, the results failed to reject at the 5% signifiteralehe first null
hypothesis that there is one common trend. However, the second null hypothesis that
there are two common trends is rejected at the 5% significance leugdtaba

alternative null hypothesis that there is one common trend. Therefore, this paper ca
conclude that there is one common trend in bivariate models except for the model of
negotiated cash prices and negotiated grid prices. In the bivariate modgbthted

cash prices and negotiated grid prices, the results failed to reject thepuathésis that

there is one common trend. It implies that those prices are not cointegrated.

Table IV-5. Stock-Watson’s Common Trends Using the Kernel Method for &d
Cattle

Test 5% Critical

Variables Ho(m) Ha(m-1) results value Lag
Bivariate models

Negotiated cash price and 1 0 -7.04 -14.10 4
forward contract price 2 1 -99.46* -23.00
Negotiated cash price and 1 0 -15.22* -14.10 3
negotiated grid price 2 1 -95.04* -23.00
Negotiated cash price and 1 0 -7.92 -14.10 4
formula price 2 1 -203.63* -23.00
Multivariate model

Negotiated cash price, 1 0 -11.46 -14.10 3
forward contract price, 2 1 -17.99 -23.00
negotiated grid price, and 3 2 -104.89* -31.50
formula price 4 3 -215.91* -39.30

Note: Single (*) indicates the rejection of thelrhypothesis ofn common trends at the 5% significance
level. mis n-k.
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Hogs - Table 7 displays the results from the Stock-Watson’s common trends test for
hogs. In the bivariate models for hogs, the results fail to reject gtedil hypothesis
that there is 1 common trend at the 5% significance level. However, the ¢ets the
second null hypothesis that there are 2 common trends at the 5% significahce leve
Therefore it can be concluded that the individual bivariate models for hogs have one
common trend at the 5% significance level.

Table IV-6. Stock-Watson’s Common Trends Using the Kernel Method for g
Test 5% Critical

Variables Ho(m) Ha(m-1) Results value Lag
Bivariate models

Negotiated cash price and 1 0 -11.31 -14.10 4
other formula price 2 1 -28.44* -23.00
Negotiated cash price and 1 0 -12.51 -14.10 4
swine market formula price 2 1 -183.32* -23.00
Negotiated cash price and 1 0 -11.91 -14.10 4
other purchase price 2 1 -33.39* -23.00
Multivariate model

Negotiated cash price, 1 0 -11.54 -14.10 4
other formula price, 2 1 -17.98 -23.00

swine market formula price, and 3 2 -42.34* -31.50
other purchase price 4 3 -201.97* -39.30

Note: Single (*) indicates the rejection of thelrhypothesis ofn common trends at the 5% significance
level. mis n-k.

In the multivariate model for hogs, the test statistic for testing for theeseis two
common trends is more negative (-42.34) than the critical value (-31.50). The st reje
the third null hypothesis, which means that price series for hogs have two common
trends. Thus, it can be concluded that there is one common trend in the bivariatke model

for hogs, and there are two common trends in the multivariate model.
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The results from Johansen’s cointegration tests and the results from the Stock
Watson approach are compared. One could expect that the number of cointegrating
vectors would correspond with the number of common trends form the Stock-Watson
test, and these two tests would strongly support the evidence of cointegration. However,
in fed cattle case, the number of cointegrating vectors from the Johanseonacapgtid
not correspond with the number of common trends from Stock-Watson’s approach in the
multivariate model for fed cattle. This paper found three cointegrating seobon
Johansen’s tests, but found two common trends from the Stock-Watson test. Thus, their
results do not match. A concern is that this multivariate model also includedategoti

grid market prices. The missing negotiated grid prices might dffeaesults.

Vector Error Correction Model (VECM)

The concepts of cointegration and vector error-correction models are closely
related. To understand the long-run relationship among different component series, a
vector error correction model (VECM) is appropriate. In this paper, VECMsisdoan
the previous cointegration model, the equation (1.19).

Based on the presence of cointegration, this paper analyzed the long-run
relationships between negotiated cash prices and individual AMAs prices. W\hrd e
(1998) and Schroeter and Azzam (2003) found a negative relationship between the spot
market price and captive supply price. Based on previous studies, this paper expected that

the relationship between the negotiated cash price and each AMA transaconwaarld
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be negative in the long-run for fed cattle. Also, one expected the samensgiifor

hogs because fed cattle and hogs have a similar market structure.

Fed cattle - Table 8 presents the estimates offtlsglong-run parameters) ands (the
speed of adjustment coefficients) for fed cattle based on the cointegratedegores. The
estimates of thf’s can be expressed that one unit (1$/cwt) increase in the forward
contract price leads to 0.99 (1$/cwt) decrease in the negotiated cash price in thef mode
negotiated cash prices and forward contract prices. Also, in the model of negcdisite
prices and formula prices, one unit increase in the formula price leads to 1.Gisdeare
the negotiated cash price. In the multivariate model for fed cattle, thereoasof
cointegration was not clear because the results from Johansen’s cointegsat@mdl

the Stock-Watson test did not match each other. Therefore, this paper concludes that
prices are not cointegrated in the multivariate model.

Table IV-7. Results from the Long-run Equilibrium Relationship (B) and
Adjustment Coefficient () Estimates for Fed Cattle

Variables Parameter estimates
Bivariate models Rank=1
Long-run equilibrium relationshigy

Negotiated cash price 1.00

Forward contract price -0.99
Constant 1.04
Adjustment Coefficientd)

Negotiated cash price -0.03

Forward contract price 0.16

Long-run Equilibrium Relationshig)

Negotiated cash price 1.00
Formula price -1.01
Constant 2.48
Adjustment Coefficientd)

Negotiated cash price -0.01
Formula price 0.51
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Hogs - Table 9 presents the estimates offtlsglong-run parameters) arncs
(adjustment coefficients) for each model based on the presence of caiotedrae
results for long-run parameters include a constant term in each model.

The long-run relationship for each bivariate model can be expressed as:

PNegcash = 5.26 — 1.09 Pothrforms (1.24)
PNegcash = 1.89 — 1.04 Pswnform» (1.25)
Pnegcash = 38.93 — 1.61 Potnrpurch- (1.26)

The multivariate model for fed cattle can be expressed as:
PNegcash = —0.19 - 0.03 Pothrform — 1.08 Pswnform + 0.1 pOthrpurch(Rank:]-)a (1-27)
pNegCash =81.71+ 1.35 pOthrform + 1.37 pSwnform —5.15 pOthrpurch(Rankzz)-(1-28)
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Table IV-8. Results from the Long-run Equilibrium Relationship (B) and
Adjustment Coefficient (a) Estimates under the Restriction for Hogs

Variables

Parameter estimates

Bivariate models

Long-run Equilibrium Relationshig)
Negotiated cash price

Other formula price

Constant

Adjustment Coefficientd)
Negotiated cash price
Other formula price

Long-run Equilibrium RelationshiB)
Negotiated cash price

Swine formula price

Constant

Adjustment Coefficientd)
Negotiated cash price
Swine formula price

Long-run Equilibrium RelationshiB)
Negotiated cash price

Other purchase price

Constant

Adjustment Coefficientd)
Negotiated cash price
Other purchase price

Multivariate model

Long-run Equilibrium RelationshiB)
Negotiated cash price

Other formula price

Swine formula price

Other purchase price

Constant

Adjustment Coefficientd)
Negotiated cash price
Other formula price
Swine formula price
Other purchase price

Rank=1
1.00
-1.09
5.26
-0.08
-0.01
1.00
-1.04
1.89
0.18
0.40
1.00
-1.61
38.93
-0.07
0.01
Rank=1 Rank=2
1.00 1.00
-0.03 1.35
-1.08 1.37
0.10 -5.15
-0.19 81.71
0.07 0.01
-0.11 -0.02
0.31 0.01
0.02 0.02
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When the other formula price, swine market formula price, and other purchase
price are increased by one unit, the negotiated cash price is decreased byt4.09 uni
(1%/cwt) and 1.04 units (1$/cwt), and 1.61 units (1$/cwt), respectively. There is a
negative relationship between negotiated cash price and each price of AM»@ariatbi
models. The results are consistent with a priori expectations that there igigenega
relationship between the negotiated cash price and each AMA price. In tiveanate
model for hogs, the sign of coefficients is mixed in both rank=1 and rank=2.

Fed cattle — The results of the adjustment coefficiaris) are also presented in table 8.
The values of adjustment parameters, or overshooting parameters imply how dnackly t
system moves back to its underlying long-run equilibrium. From results of taiidetif
cattle, in bivariate models, the speed of adjustment parameters for thiateegeash

price and the forward contract price are -0.03 and 0.16, respectively. The abdakite va
of the negotiated cash price is less than the value of the forward contracttprice. |
indicates that the forward contract price moves back to its long-run equilitasier f

than the negotiated cash price. In the model of the negotiated cash price and form
price, the absolute value of the formula price is greater than the absolidef/tie
negotiate cash price. Thus, it can be conclude that the formula price movesiback to
long-run equilibrium faster than the negotiated cash price. These resulstiaipl
negotiate cash prices are more stable than forward contracts pricesranlthfprices.

Hogs - Speed of adjustment coefficients in the model of the negotiated cash price and
other formula price are -0.08 and -0.01, respective. The absolute value of the negotiated

cash price is greater than the value of the formula price, which means thatdhatedg
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cash price moves backs to its long-run equilibrium faster than the other fornwgla pri
Also, in the model of negotiated cash price and other purchase price, the absolute value
of negotiated cash price is greater than the other purchase price arkthegdtiated

cash price moves backs to its long-run equilibrium faster than the other fornwgla pri
However, in the model of the negotiated cash price and swine formula price, theeabsolut
value of the negotiated cash price is less than the value of the swine forroeldtpri

means that the swine formula price moves back to its long-run equilibriumtfestethe
negotiated cash price. Therefore, it can be concluded that in first and thirbmode
negotiated cash prices are more flexible than other formula prices and othespurcha
prices. However, the second model, negotiated cash prices are more stablertban swi
market prices.

In the multivariate model, each speed of adjustment coefficients for hogsas clos
to zero when=2. If there is more than one cointegrating vector in a multivariate model,
which means the economic system is more stable. When AMA prices move together,
those prices become more stable.

Therefore, this paper concludes that when the fed cattle market enteradong
terms, the forward contract price and the formula price are more flekéiethe
negotiated cash price for fed cattle in bivariate models. For hogs, whieogmearket
comes to long run terms, the negotiated cash price is more flexible thaheéhéatnula
price and other purchase price in bivariate models. In the multivariate nmotbglgirun

prices tend to be stable.
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Causality Tests

One feature of VAR models is that the direction of causality can be tastibds |
paper, Granger causality tests are based on the VECM. Each bivariatenasotieo
variables, ¥;, x;), and they affect each other with distributed lags. This paper determines
whether (a)x; causey, (b) y; causex;, and (c) whether there is a bi-directional feedback
among two variables or there is a single direction. Equations (1.29) and (1.30) based on a
VECM with (p) lags using ordinary least square regression produces parameter sstimate
Xe = Qo — A1 X1 + A1V Vi1 + Q114X 1 + Q124%_5 + ax14Yi_1 + a4y 5, (1.29)
Ve = bg — AyXi_1 + Y Vi1 + b114x_1 + b12Axi_5 + by Ay + by Ay 5. (1.30)

The test of causality is whether the lags of one variable enter into the eqaation f
another variable. This study tested the hypothesisithat a,, = 0. In bivariate models
for fed cattle with two lags, and in bivariate models for hogs with one lag, this pafser t
the null hypothesis that lagged does not Granger cause lagged

For fed cattle and hogs, Granger causality was estimated witldlagge-
correction terms where the prices are cointegrated in bivariate mogelaphiate lag
lengths were automatically determined by the VECM form.
Fed cattle - Table 10 displays results of long-run Granger causality for fed QaiEeM
form for fed cattle automatically chose 2 lags. In a bivariate model oktjmiated cash
and forward contract prices with 2 lags, the null hypothesis of no causaéjgdsed at
the 5% significance level. In the opposite direction, the null hypothesis of ndityaissa
rejected at the 5% significance level. Namely, two weeks ago negotzesiegiices

affect this week’s forward contract prices, and two weeks ago forward cioprticGes
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affect this week’s negotiated cash prices. Thus, it is concluded that theateshoash
price and the forward contract price have bi-directional feedback becausshhaarket
and futures market interact with each other.

Table IV-9. Results of Long-run Granger Causality for Fed Cattle

Dependent variables Direction  Independent variables (lags) Bedfisre
D_NegCash(1)
D_FwdCon ~ D_NegCash(2) 79.70*

D_FwdCon(1)
D_NegCash = D_FwdCon(2) 8.32*

D_NegCash(1)
D_Formula < D_NegCash(2) 137.33*

D_Formula(2)
D _NegCash D_Formula(1) 2.05

Notes: Single (*) indicates the rejection of thél hypothesis of no causality at the 5% significkvel.
The numbers inside parenthesis () are choserragH.

In the bivariate model of the negotiated cash and formula prices with 2 lags, the
results rejected the null hypothesis of no causality at the 5% signditewea. In the
opposite direction, the results fail to reject the null hypothesis of no calsality 5%
significance level. There, two weeks ago negotiated prices affeetebiss formula
price, but not vice versa. Thus, negotiate prices and formula prices have a single
directional feedback. One might be concerned with the chosen two lags bleasause
week’s negotiated cash price affects this week’s formula price. The iraglies in long-
run two week ago formula price is not an important element in price discovery.

Hogs - Table 11 presents results of Granger causality for hogs usitgette In hog
case, the VECM form chose one lag in the bivariate models. In the bivariateahode

negotiated cash prices and other formula prices with one lag, the null hypothesis
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causality is rejected at the 5% significance level. Also, in the opposteidir, the null
hypothesis of no causality is rejected at the 5% significance levelisT hedt week’s
negotiated cash prices affect this week’s other formula prices and viee Those
prices have bi-directional feedback because the other formula price s tigdres
market like forward contracts for fed cattle. In the model of the negotiagddprice and
swine formula price with one lag, the results reject the null hypothesis of raittaat
the 5% significance level. In the opposite direction, the results reject tHeypathesis
of no causality at the 5% significance level. Also, negotiated casls amckthe swine
formula prices have bi-directional feedback because the swine formulasptiee o
cash market. In the model of negotiated cash market prices and other puridesse pr
with one lag, those prices also have bi-directional feedback.

Table IV-10. Results of Long-run Granger Causality for Hogs

Dependent variables Direction  Independent variables (lags) TBedtisre
D_OthrForm <— D_NegCash(1) 2.33*
D_NegCash > D_OthrForm(1) 3.21*
D_SwneForm <— D_NegCash(1) 5.84*
D_NegCash = D_SwneForm(1) 4.03*
D_OthrPurch <— D_NegCash(1) -3.16*
D_NegCash — D_OthrPurch(1) -3.85*

Notes: Single (*) indicates the rejection of thdl hypothesis of no causality at the 5% significkavel.
The numbers inside parenthesis () are choserfagH.

This causality test was conducted based on the previous VECM results because
this paper was concerned with how negotiated cash prices affect indieibaal
procurement prices when prices enter the long-run term. In both cases, edgutt
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prices mainly affect individual other procurement prices, but the others do notlaéec
negotiated cash market prices because their base price is affecea@ i@y sther factors.
When AMA prices enter in long-run terms, cash market prices play an impor&imn rol

price discovery.
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CHAPTER V

SUMMARY AND CONCLUSIONS

This paper estimated the long-run relationships between cash marketpdces
prices for AMAs using econometric time series analysis. Thesegasatv that
negotiated cash market prices and individual prices for AMAs formed a long-run
equilibrium in bivariate and multivariate models for fed cattle and hogs. That is,
negotiated cash market prices and each AMA price do not move too far awagaithm
other.

It was expected that cash market prices and negotiated grid prices fattfed c
would be cointegrated (have a long-run equilibrium). However, in this study, the
existence of cointegration was not found in the model of the negotiated casgdribe a
negotiated grid price. It can be concluded that those price wander arbiaeakydy
from each other. One possible reason those prices are not cointegrated is theohumbe
observed prices in the negotiated grid price data series, 213 versa 364 fotléed cat
prices.

In addition to estimating cointegration, this study also examined the cotiriggra
vectors and common trends by using alternative cointegration approaches. Tee alim
cointegrating vectors and common trends strongly support the existence ofredioneg

and their numbers imply that AMAs prices are stable in the long-run. Itxpasted that
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the number of cointegrating vectors testing for the Johansen approach should correspond
with the number of common trends testing for the Stock-Watson approach. In most
models, their results matched each other based on the presence of cointegration.
However, in the model including negotiated gird prices for fed cattle, this papkel not

find that the prices are cointegrated.

Also, in multivariate models, there are at most two cointegrating vectors and tw
common trends for hogs. However, in the multivariate model for fed cattle, the noimbe
cointegrating vectors does not correspond with the number of common trends. From the
results of bivariate and multivariate models, one observation is that nedajral prices
affect the results from cointegration tests.

The analysis of VECM shows that there is a negative relationship between AMA
prices and negotiated cash prices in long-run for fed cattle and hogs.nAiso cattle
case, forward contract prices and formula prices are more volatile tharatejoaish
prices. But, in hog case, negotiated cash market prices are more volatile tihan othe
formula prices and other purchase prices except for swine market fomuoels p

Based on the existence of a long-run equilibrium, this paper determined the
direction of causality between the cash market prices and individual AMéspior fed
cattle and hogs. In the fed cattle case with two lags, the forward contracapd¢he
negotiated cash price have bi-directional feedback. The result implieagtamarket
interacts with futures markets. However, the formula price and the nedatadh price
for fed cattle have a single directional feedback. It implies thatitbsen two lags might

not be appropriate in price discovery. In the hog case with one lag, the other formula
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price and the negotiated cash price, the swine market formula price and thatadgoti
cash price, and the other purchase price and the negotiated cash price for hagsi-have
directional feedback, respectively. The chosen one lag for hogs is approppate
discovery, that is, last week’s negotiated cash prices affect thissnadikidual AMA
prices, and vice versa.

Therefore, it is concluded that negotiated cash prices and individual other
procurement prices for fed cattle and hogs have a long-run relationship andtadgotia
cash prices can be a key element in price discovery when markethernterg-run

equilibrium.
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