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Arbitrage Costs Between Regional Fed-Cattle Markets

Stephen R. Koontz"

Arbitrage cost models were used to measure the degree of integration between regional geographic
AMS reported fed cattle markets. The method measures the implicit arbitrage costs and
probability of arbitrage between two markets, and is also used to test the 5% rule from the Federal
Trade Commission and Department of Justice Merger Guidelines. The results suggest that all
U.S. fed cattle markets are well integrated. However, there are degrees of integration. East coast
and west coast markets are distinct from markets in the central U.S. Further, arbitrage costs are
lower from small volume markets to large markets, while costs are higher from large to small
markets. Thus, for antitrust analysis, large market regions may be considered in isolation while
small regions should include neighboring large regions in the economic market definition.

Introduction

Monitoring fed cattle pricing competitiveness and enforcement of the Packers and
Stockyards Act require identification of regional economic market boundaries. Determining the
relevant market is a first step in analyzing industry structure and performance, and in reviewing
the economics of antitrust questions. Economic market boundaries identify separate geographic
areas within which partial equilibrium analyses are valid and where a firm may impose
significant and nontransitory changes in price through noncompetitive conduct.

While the concept of an economic market may be different from that of an antitrust
market, a delineation necessary for antitrust action following the Merger Guidelines of the
Federal Trade Commission and Department of Justice, the two concepts are closely related.
Economic markets are defined by arbitrage while antitrust markets are defined by the ability of
economic agents to exercise market power. An antitrust market for an oligopsony will be
smaller or larger than the local economic market depending on the elasticities of demand for
each oligopsonist. However, defining economic markets is a useful first step for the more
detailed procedure of identifying antitrust markets.

The relevant geographic market for antitrust analysis is often based on product flows of
firms transacting in the same and closely related products (Elzinga and Hogarty). The classic
procedures for market delineation involve estimating cross elasticities (Scherer) or own price
elasticities for residual demand functions (Scheffman and Spiller). These measurements
determine which firms have sufficiently strong direct effects on product flows; cross supply
elasticities delineate procurement areas and own price elasticities identify price takers. This
approach can identify economic and antitrust markets. However, elasticity procedures are often
impractical due to unavailability of product data. Price data are more common and price
correlations have been relied on as one tool to characterize product, firm, or geographic market
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relationships (Stigler and Sherwin). However, correlation findings may be misleading in markets
where the common supply and demand factors influence prices more then arbitrage.

An alternative procedure, which uses publicly available price data but which also
addresses the weakness of price correlations, involves estimating arbitrage cost models. Implicit
arbitrage costs can be estimated using historical price differences. Observed prices from various
geographic areas will contain information about the cost of arbitrage between the areas and the
size of these costs can be estimated. While arbitrage does not necessarily eliminate market
power, low arbitrage costs across geographic areas do imply the existence of a larger economic
market while high arbitrage costs imply some degree of market segmentation. This research
takes this alternative approach. Arbitrage cost models are used to identify regional fed cattle
market boundaries between USDA AMS Market News price reporting districts. A
comprehensive analysis of publicly available fed cattle price data is performed.

Previous Research

Considerable literature has examined regional price dynamics in fed cattle markets. This
research has been conducted within the context of efficient markets and price discovery. The
objective has been to determine the relative effectiveness of different markets in incorporating
information into price. Research on regional price dynamics also provides information on the
extent of geographic markets.

Bailey and Brorsen, Koontz, et al., Schroeder and Goodwin, and Goodwin and Schroeder
(1991) have all used various time series methods to examine the dynamic interactions of various
USDA AMS reported weekly fed cattle prices during the late-1970s and 1980s. All studies
found that prices of large markets in the midwest and plains states were closely linked and lead
price discovery. Few studies have examined actual product flows. Schultz used trade area cross
elasticities to analyze the relevant market for fed cattle. She concluded that the Midwest-Texas
market seemed to constitute a relevant market, with weaker ties to coastal regions. However,
the quantity data were limited.

Although high correlations can delineate markets, this analysis may not be conclusive.
For example, common influences affect the price of fed cattle, e.g., variation in wholesale beef
prices, which could contribute to high correlations. It is difficult to determine if co-movements
in prices occur because the different areas are in the same economic market, because there is
arbitrage between regions, or because the regions experience common changes in supply and
demand conditions. This is a significant shortcoming of existing research.

Arbitrage cost models were developed due to the lack of quantity data for many products.
Further, the method examines discontinuous relationships between differences in geographic
prices, as opposed to the continuous linear measures of price changes. These models have been
used to assess boundaries for regional wholesale gasoline markets (Spiller and Huang; Spiller
and Wood) and test integration of U.S. celery markets (Sexton, et al.).
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Method and Procedures

The statistical model uses spatial equilibrium arbitrage conditions to specify a parametric
relationship between regional prices. The spatial equilibrium arbitrage conditions state that, if
the difference between two regional prices is large enough to cover arbitrage costs, the price in
the high-price region must equal the price in the low-price region plus arbitrage costs. If the
difference is less than arbitrage costs, price movements may be unrelated or related due to
changes in common supply and demand conditions. There is no explicit use of transaction cost
data in the model. Rather, implied arbitrage costs are revealed by how large the difference
between the two prices becomes and the frequency of these large differences.

The difference between prices in two regions, 1 and 2, between which there is no
arbitrage, is assumed constant but stochastic

(1) Y, =P,-Py=a+g

where the error term captures relative differences in local supply and demand shocks, is
identically and independently distributed, and has a zero mean and variance ¢2. The subscript
t denotes time. This is the relationship between prices in two markets where no arbitrage
‘occurs. Transaction costs have a distribution restricted to positive values

@ Ty-= Ti* + 6 > TK 20 fori=1,2

where T;, represents stochastic arbitrage costs from region i to j with mean T and T; K is the
lower bound. Arbitrage occurs only if the price difference exceeds transactlon costs. In this
case, the equilibrium price difference equals those costs. If the price difference is small, no
arbitrage takes place and the equilibrium price difference equals . There are three mutually
exclusive regimes:

Atbitrage from 2to 1: Py -Pp =Ty  + ey Y, = Ty
3) Arbitrage from 1 to 2: Pi-Pyy = Ty - &g ifY; < - 1"
No binding arbitrage: Pii-Py =a+g if Tlt <Y; < Ty,

The probability that each regime occurs is as follows:

@ = Proble. 4 elt - T1 "
)\3 —PI‘Ob{Tl -61t< a+et<T2 +62t} = 1)\1)\2

The probability of observing arbitrage (A +)Ny) is a function of the arbitrage cost
distributions and the distribution of supply and demand shocks when no arbitrage occurs. With
assumptions about the distribution of ¢, €1, and e),, the model can be estimated. Previous
applications have assumed ¢, is distributed normal and &t 1=1,2, are distributed truncated
normal or gamma. The gamma distribution was found to work best in this application so the
remainder of the discussion is limited to this specification.
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When transaction costs follow a gamma distribution, T ~ gamma(a;, Bi | Ty> 0), the
mean of the transaction cost distribution of arbitrage from region i to region jis

(Sa) E(Tlt) = ai-Bi
and the variance of the transaction cost distribution is
5b)  V(Ty) = o5 B2

The distribution is truncated at zero. Assuming independence of ¢, €1¢, and &)y, the likelihood
function of the arbitrage cost model is

N
(6) L=11 {)\lflt + )\2f2t + (1-)\1->\2)f3t}
t=1
where
oo a2-1 o
(6a) N = { [1-®((u-a)o)]u exp{-u/B,y} / By T'(ay) du
0
o a-1 o1
(6b) Ny = { [1-®(u-a)o)]u exp{-u/B} / By I'(ep) du
0 .
and

o2 oy
6c) fqg =Yg exp{-Yy/By}/[By T(e)]

o .
6d) fpy = Yy exp{-Yy/B1}/[By T(e)

6e) f3y = OI(Y, - @)lollo

where T'(*) is the incomplete gamma function, and ¢(?) and ®(°) are the standard normal
_density and distribution functions. The probability of arbitrage from market i to market j O‘j)
depends on parameters of the arbitrage cost distribution (o and By). This restriction 18
incorporated into the model through equations (6a) and (6b).

Estimates of the parameters in (6) were obtained by maximizing the logarithm of the
likelihood function. The MAXLIK routine (version 2.01) in the software package GAUSS-386
(version 2.2) was used. Numerical methods were used to calculate gradient vectors and Hessian
matrices and to integrate equations (6a) and (6b). Asymptotic standard errors were calculated
for the parameter estimates using White’s method which uses the cross-product of the gradient
vector and the inverse of the negative Hessian matrix.

The results of interest for defining economic market boundaries are the arbitrage cost
parameters and the probabilities of arbitrage. [Estimates of the arbitrage cost parameters help
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identify ‘whether different areas were likely to be contained in the same economic market if
prices in one of the regions changed sufficiently. Low costs suggest the areas in question are
contained in the same economic market. High costs suggest some degree of economic market
separation. Estimates of the probability of arbitrage help identify which regions frequently face
binding arbitrage conditions. Arbitrage is expected to be infrequent between neighboring areas
and more frequent between areas which are geographically more separate.

The model is also used to test the 5% rule in the Federal Trade Commission and
Department of Justice Merger Guidelines. The probability that no arbitrage occurs from market
1 to market 2 when the price in market 1 is 5% below the price in market 2 is calculated as
follows. The 5% price difference implies

(7 Y, =Py -Py-a=095Py - Py - =-005Py -c.

The average difference in market prices when there is no arbitrage () is included to allow for
different levels of excess supply and demand between the regions. Following Kiefer, this series
is used with the maximum likelihood estimates to calculate the probability that each observation
is in regime 2, i.e., arbitrage from market 1 to market 2

®)  w = Mby(Y,) / OF (Y, + My(Y, ) + Aafa (Y ).

The probability that arbitrage occurs between the two markets is the sample average of w,. The
probability that arbitrage does not occur between the two markets is one minus this sample
average. A large probability of no arbitrage implies the two markets are segmented and do not
pass the 5% rule. A small probability of no arbitrage implies the two markets are in the same
economic market according to the 5% rule.

Data

Data used were obtained from USDA AMS LS-214 reports. Daily fed cattle price ranges
for several terminal markets and all direct trade regions within the continental U.S. were used.
The specific regional direct trade regions include:

Illinois,

Iowa and Southern Minnesota,

Eastern Nebraska (eastern two-thirds of the state),

Western Nebraska, Wyoming, and Southwest South Dakota,
Colorado,

Eastern Kansas,

Western Kansas,

Texas, Oklahoma, and New Mexico

Arizona,

Southern California (EI Centro - Desert Area),

Central California (Visalia - Southern San Joaquin Valley),
Washington and Oregon, and

Idaho.
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value for the arbitrage cost model is the same as the likelihood value of the model without
arbitrage. Failure of the model to estimate arbitrage costs suggests these qairs of geographic
areas are in the same economic market or are completely separate markets.

Average arbitrage costs between markets are reported in Table 1. The probabilities of
binding arbitrage between markets (A and \) are reported in Table 2. Table 3 reports the
probabilities of not observing arbitrage between two markets when the price in the market on
the vertical axis is 5% below the price in the market on the horizonta] axis. These are the three
sets of measures that are crucial for determining economic market boundaries.

In general, means of the arbitrage costs are small. The estimates are between 1% and
5% of the average price level. Distances between each market were identified and transportation
costs were calculated based on a $0.40/cwt./100 miles variable cost figure. The arbitrage cost
estimates were approximately equal to transportation cost figures for pairs of neighboring
markets. For example, the distance between Western Kansas (Liberal) and Texas (Amarillo) is
approximately 200 miles, the transportation cost is $0.80/cwt., and the arbitrage cost estimates
are $0.89/cwt. from Western Kansas to Texas and $0.66/cwt. from Texas to Western Kansas.
The majority of the implicit arbitrage cost estimates were well below the transportation cost
figures. Arbitrage cost estimates are small relative to the transportation costs because there is
demand for fed cattle in all of the geographic areas. Arbitrage costs are small relative to the
transportation costs in neighboring areas because of the contiguous nature of cattle feeding.
Transportation costs were calculated based on a distance between two cities while arbitrage
occurs somewhere between the two locations.? The small estimated arbitrage costs suggest that
all of the U.S. fed cattle markets are reasonably well linked. The linkage is due to an indirect
relationship through a relatively national market for fresh beef and the national transportation
infrastructure. There are no geographic areas in the continental U.S. which are completely
Separate economic markets. However, the results also show that there is variation in the
strength of the linkage between geographic areas.

Much of the variation in market integration appears in arbitrage cost asymmetry. The
distance between two geographic areas is symmetric. Asymmetric arbitrage costs impl; it is
more costly to ship cattle one direction than the other. This implies market separation.® For
example, the arbitrage cost estimates are $1.72/cwt. from Idaho to Texas and $3.13/cwt. from
Texas to Idaho. Both of these figures are much lower than the transportation costs, but the
asymmetry suggests that, within the national market for fed cattle, the Texas price achieves a
much lower discount to the Idaho price before regional flows of cattle change. Idaho achieves

! Co-integration and causality tests were conducted between each of these pairs of markets.
All pairs are co-integrated and exhibit significant causality, and most exhibit bi-directional
causality. The weakest relationship was between Arizona and Idaho.

- The cities chosen were in the center of the largest area of production within each
geographic region.

3 Further, direction of the asymmetry is inconsistent with reducing costs by backhauling.
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a smaller discount to Texas before regional flows of cattle change. This is one of the more
pronounced cases, but similar asymmetries occur between markets in the desert southwest
(Southern California and Arizona) and markets in the plains states (Western Nebraska, Colorado,
Western Kansas, and Texas) and midwest markets west of the Mississippi River (Eastern
Nebraska and Eastern Kansas). Likewise, there are asymmetries in arbitrage costs between
plains states markets and midwest markets. Plains states markets achieve larger discounts to
midwest markets than the reverse; the results show it is more costly for the plains markets to
ship cattle to the midwest than for the midwest to ship cattle to the plains. The asymmetry has
structure. The results show costs are lower for a smaller volume market to ship cattle to a
larger market with higher regional meatpacking plant capacity, while it is more costly for larger
markets to ship cattle to smaller markets. This structure would mitigate the exercise of market
power in smaller markets but suggests that smaller regional markets need not be considered part
of the relevant market when examining market power in the larger regional markets.

The probabilities of observing arbitrage (Table 2) are, for the-most part, also relatively . .

small. The distribution of fed cattle across markets does not change often because arbitrage
conditions are not triggered often, even given the relatively low average arbitrage COStS.
However, the standard errors of these estimates are very low suggesting that arbitrage conditions
do occur. Arbitrage is necessary to link the system of markets together. For example, the
probability of arbitrage from Western Kansas to Texas is 7.5 %, while arbitrage from Texas to
Western Kansas occurs 7.6% of the time. The probabilities are all very small within and
between the group of markets in the plains states and the group of markets in the upper midwest.

The probabilities are much larger and asymmetric between these two groups of markets
in the central U.S. and the east coast market, the southwest markets, and the Pacific northwest
markets. For example, the probability of arbitrage from Texas to Idaho is 4.7% while arbitrage
from Idaho to Texas occurs 28.4% of the time. The probability of arbitrage from Washington
to Idaho is 4.7% while the probability of arbitrage from Idaho to Washington is 20.5%. The
structure of the asymmetry is similar to that of the mean arbitrage costs. It is more costly for
large volume markets to ship cattle to smaller markets, therefore arbitrage occurs infrequently,
and where the arbitrage costs are low, arbitrage occurs more frequently. The probability results
lead to similar conclusions. There is a separation of markets on the coasts from markets in the
central U.S. There is also some separation between markets within the southwest and northwest.
Larger volume areas need to be studied in isolation whereas the smaller volume areas should
include the neighboring larger areas.

The probability of no arbitrage results generated from the 5% rule (Table 3) complement
the other findings. To determine whether or not effective arbitrage occurs with a 5% decrease
in one market price, the probability estimate is compared to 0.5 (Lee and Porter). When the

4 This conclusion should also apply to the delineation of antitrust markets. In the context
of Scheffman and Spiller, demand for fed cattle within the smaller capacity regions should be
more inelastic than demand by meatpackers in larger capacity regions. Therefore, the relevant
antitrust market for the larger region may not include the smaller region while the smaller region
would include the larger.

329



probability of no arbitrage is significantly larger than 50%, this implies segmented markets. A
probability significantly less than 50% implies a single market. The standard errors of the
probabilities are roughly 0.05. If the probability is 45% or less (~1 standard error), the
conclusion is that arbitrage occurs. If the probability is 68% or greater (=3 standard errors),
the conclusion is that arbitrage does not occur. This cautious interpretation errs toward finding
larger economic markets and is necessary to draw conclusions from the results.

When the price in Pennsylvania is reduced 5% there is no effective arbitrage with any
of the other market prices. Further, we can conclude there will be no arbitrage linking
Pennsylvania with Colorado, Western Kansas, Texas, and Southern California. Pennsylvania
is a separate economic market. Likewise, Arizona, Southern California, Central California,
Washington, and Idaho each display evidence of being a reasonably separate economic market.
Arizona and Southern California display strong separation from the Illinois, Omaha, and Sioux
City markets. Central California displays strong separation from the Iowa, Eastern Nebraska,
“Eastern Kansas, -and plains ‘markets. -~ Washington and Idaho display strong” separation from
Pennsylvania. However, prices of fed cattle in Idaho are arbitraged with the terminal market
prices, and Washington is arbitraged with the upper midwest markets of Eastern Nebraska and
Eastern Kansas, and the northern plains markets of Western Nebraska and Colorado. Upper
midwest and northern plains cattle will move to the Pacific northwest with a 5% price

difference. The reverse does not occur.

The upper midwest geographic areas of Illinois, Jowa, Eastern Nebraska, Eastern Kansas,
Omaha, and Sioux City appear to be an economic market, and the plains states geographic areas
of Western Nebraska, Colorado, Western Kansas, and Texas also appear to be an economic
market. There is effective arbitrage from some of the upper midwest markets to the plains states
markets, in particular from Illinois to Western Kansas, and from Eastern Nebraska to Western
Kansas and Texas. However, there is little arbitrage from plains markets to midwest markets,
and the arbitrage is not uniform between geographic areas of the two groups, while the arbitrage
is very uniform between markets within each group. ‘

While a 5% reduction in fed cattle prices is substantial, it is not large enough to initiate
much arbitrage. It is interesting that a 5% reduction in price in many of the geographic areas
does little to change regional flows of cattle. While the average arbitrage cost is relatively
small, there appears to be enough variability in cost and arbitrage occurs infrequently enough
that price in many fed cattle markets can be reduced 5% with little effect. However, the model
uses daily observations so any price reduction likely will occur only for short time periods.

Summary and Conclusions

This research is a comprehensive examination of geographic arbitrage costs as revealed
in publicly reported fed cattle price data. The work identifies the extent of economic markets
within the set of geographic fed cattle areas and helps identify regions within which there is the
greatest potential for the exercise market power. This information on the extent of regional
economic markets is useful for focusing monitoring activities and executing public policy.
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The estimated distributions of arbitrage costs were compared to transportation cost
estimates. High arbitrage costs imply market isolation, separate economic markets, and an
increased likelihood of market power. Estimated arbitrage costs were examined for symmetry
between markets. The potential for exercise of market power is higher in a geographic area
which is costly to arbitrage. The models reveal probabilities that various geographic areas do
not exhibit direct arbitrage (i.e., the degree to which markets are separate) and the probability
that direct arbitrage occurs (i.e., the two geographic areas are the same economic market).
Also, the probability that reducing a price 5% will cause arbitrage from other regions was
examined. This is a direct assessment of the potential for abusive market power as defined by
the Federal Trade Commission and Department of Justice Merger Guidelines.

The means of the arbitrage costs are small. The estimates are between 1% and 5% of
the average price level. The arbitrage cost estimates were below the transportation cost
estimates. The results suggest that all of the U.S. geographic fed cattle price reporting regions
are reasonably-well linked into a national fed cattle market.  However, the markets are not
perfectly integrated. There are some areas which form reasonably separate economic markets.
Costs are lower for arbitrage from smaller volume markets to larger markets. It is much more
costly for larger volume markets to ship cattle to smaller volume markets. This appears to be
related to the level of regional meatpacking plant capacity. Arbitrage mitigates the exercise of
rharket power in smaller markets but suggests that smaller regional markets should not be
considered part of the relevant market when examining market power in the larger markets.

The probabilities of arbitrage are also small, especially within and between the group of
markets in the plains states and the group in the upper midwest. However, arbitrage does link
these groups together. Arbitrage probabilities are much larger and more asymmetric between
markets in the central U.S. and markets on the east coast, markets in the southwest, and markets
in the northwest. The interpretation is the same as with the mean arbitrage costs. There is a
separation of markets on the coasts from markets in the central U.S. and larger volume market
areas need to be studied as separate markets, whereas the smaller volume market areas should
include the neighboring larger volume markets within their relevant market definition.

The test of the 5% rule confirms the east and west coasts are separate economic markets.
The upper midwest markets appear to be an economic market and the plains states markets also
appear to be an economic market. There is arbitrage from the upper midwest to the plains
states. However, there is little arbitrage from plains states to the midwest. Arbitrage is uniform
between markets within each of these two groups. The test also suggests that, for a period of
one day to one week, it is relatively easy for price in many of the geographic areas to be
reduced by 5% with little change in the regional flows of cattle.

A summary of how relevant economic markets should be defined for antitrust actions is
as follows. Antitrust actions in the plains states should consider only the plains states markets.
Actions in the upper midwest markets should consider those markets and the plains states
markets. Actions in the desert southwest and California should consider each market
individually or the markets as a group. Actions in the Pacific northwest should consider markets
in the northern plains and markets in the upper midwest west of the Mississippi River. Actions
in the northeast should consider only east coast markets.
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