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Multimarket Market Power Estimation: The Australian Retail Meat Sector
Abstract
A new teehnique i’or estimating market power in severul markets simultaneously is
developed and applied to the Australian retail beef, lamb, and pork markets, The hypotheses
that market power is zero and that market power is the same for each meat cannot be rejected.
Nor is there evidence that nurket power increased over the period of analysis. Little bias is
created by examining markets in isolation, ruther than within a syStem. when markets are
competitive, but that bias van be large when market power exists inr&zonne mzirkcts in the

system.



L ‘lin(,r(id;'wlion

A new method tor estimating market power in sevcrql lﬂzarkets simultangously is
developed. This method is used to astimate market power in retail beef, lamb, and pork in
Australia.

In most strueture-conduct-performance empirical studies, various measures of market
structure are used to explin vatiations in pmxi:e; of market power (such as reported profits),
In recent years, mzmy pew Industrial organization studies (surveyed in Bresnahan, 1989, and
Perloff, 1992 ased stroctural models to estimate the market power rather than to use proxies.
The cost of this new uppr«ia‘vh is that cross-market effects cannot be studied, as these studies
are usually restricted to a single ximrkm, By developing u logically-consistent method of
e tnaating market power in seyeral markets at onee, we can systematically éxamine the effects
of a shock in one market on market power in anather market or the effects of market structure
on market power across nurkets. k

Various methods of estimating market pc)wm‘ have been proposed in the economics
literature over recent decades. The structural method 'hmsenwd in Just and Chern (1980),
Bresnahan (1982), und many other articles, invnwex estimating demand and optimality
(etfective margingl revenue equals marginal costy equations. /&Itéi‘ﬁ;ﬂiﬁ% rmiuc&ti{fdﬁnn or
nonparameteric approaches - such m Panzar und Rosse (1987) and Hall (1988) -~ require
less data than the structural appmaghem An advantage of the structural approuch s that it

provides more information about market conditions, such us elasticities. At present there is
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no consensits an which approach is the best, though Hyde and Perloff (19951 examine the
conditions under which the various methods give consistent results.

We extend the structieal approach to allow estimation of the m’urkct; power that exists
for each good within wgmmm'c.' group of goods.  The qpprmch nvolves sitmﬂmnémxsi},%
esttmating a demand system, o nuoket poser |::1,rztmmen and the marginal cost fum:tmh tor
cach good. U sing i systert approch is more elficient thut examimng each goud i solation,
which s whist previous xtﬁs(inc'»s e done, begpuse 1t makes use of iformation obtained trom
demand theory, suel as price homogenen zfmm-umm’ We use the linear approsimaie
version of the almost ideat demand systenm LA ATDS s model tDeaton and Muelibader, 1980
to model the demand systen,

We use this method o estimate matket power o ri:uul; beet. amb, and pork markets |
i Austrabia! Although there have been many pressous stucies of meat demand, ingluding
some for Austrilia i(fuaﬁn‘h 101, Murray, 19845, and other studies of market power in ilie
meat industries in other countries 1Schroeter and Azzaim, 1901, we are unawire of mru‘s:wmi’
ecor. metric studies examining market power 1n the meat-retailing sector 1 Australiy.

There have been many studdies, however, of the nm;‘m;itﬁ&ctmw af the meat-processing
industry in Australin over the last several decades PNew South W*al‘ea Partiament, 1972; Prices
Justification Tribunal, 1978 Induostry - Assistance c,’rnmmis»mm V83 Booz-Allen and
Hamilton, 1993 Industry Commission, 199% Zhao, Griffith, imd Mullen, 19964

Presumably, these earlier studies concentrated on the progessing sector beeause it is more

' Poultry and fish are ot included in this analysis due to inndequate dats,

2 . ' R 3 . o
2 'The only other study of murket power in Australian meats, Zhuo. Griffith, und
Mallen {19967, includes some information about the retail sector. They estimute reduced-
torm equations und test whether restrictions implied by competition can by rejected,
Unlike Zhao ef al., we estimate a fully-specified structural model at the retuil level and
obtun explicit measures of market power.
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concentrated than the retail sector, ’I‘l‘ammxdicx find that the processing sector ’industry m
highly concentrated, inetficient, and uncompetitive in part due to union power and restrictive
government Ticensing arrangements that deterred development of new plants, |

Recently, 4 number of ubservers have Te‘xpwwzd mm:em ubout growing concentration
and market power at the retail level. for example, Zhae, Griffith, and Mullen (1996} note,

many amlysts now héliw: that the supermaikets wield an unaceeptable degree of mzﬁkni
power i these [meat] indusiries Concentration at the food retail level also has been
ncreasing in recent years.  From T9K7.88 m J992-93, the proportion of meat sold through
supermarkets mpreased from 254 of beef and 35% of sheep meat 1o 33% and 3¥%
respectively t‘!ndmfy Commssion, 19934 This greater voncentration in the rcmi’t sector
retlects the growih of market share of cham supermiarkets and the decrease in the number of
smaller supermarkets.

Livestock prices and tetail prices in Australia for 197090 are strongly correlated;
however. real hivestock prices five fallen by 30%, 206, and 504 for beef, lamb, und pork
respectively, while real retail ‘priws’huve fallen by only 10%, 0%, and 20% respectively
(Industry Commission, 1993, ‘The increwsed contribution of the provessing and retail sectors
to the final price of meats may reflect the general declining terms of trade for agricultural
products, while Jabour, capital and other material costs have either decrensed less rapidly or
increased.  Another contributing factor may be increased market power in the refail and
processing sectors, One goal of our analysis is to determine whether the divergence in
livestock and retail prices can be attributed, ut least in part. to the growth of retail inm‘ket
power,

Increasing concentration has also been observed in both meat-processing and i*c'mir

markets in the U5, over recent years (Schroeter, 1988). Schraeter and Azzom (1990) found
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evidence of market power in the beef and pork industry in the United States, with abiout one
half of the farmeretail price spread for borl-meats being mtrihuinbte o market power. They
made! beet und pork i demand: related u»im«pmciuc:té in g quantity setting oligopoly maodel,
However, they m;’ém ihe h}-«puttmsju that there are cross market effects between beel and pork.

The econometne model undettying the structural test of market power is explained in
the next section, followed by o briel deseription of datis sources. The estimation pmmmm
v discussed i Section A The results of the econometriv analysis are presented in Section

5 The paper consludes with a summary of the findings and directions for turther research.

2, The Model
To determine markes power. we sunulaneausty estimate o sysiem of demand and
opumality equations.  We first tiscuss how demand s estimated and then denve the

optimality equations.

Denend |
To estimate the demand for the three meats - beef, lamb, and pork — we yse the
almost ideal demaﬁd system (AIDS) model (Deaton and Muellbuuer, WSU}S‘ We assume
that consumers” utility functions are additively separable in all goods except meats beeuuse
Alston and Chalfant (1987) found evidence of weak separability of meat demand from other
goods in Australia. Our AIDS df,:mand system consists of thw‘c budget-share equations, where

the budget share for goad 115 s, = pyg/X, p, und g are the price and quantity of the M good,

Y We ussume that the purameters of this model do not vary over tine, Chalfant and
Alston (1988) find that one cannot reject a null-hypothesis of stable prferences for ments
using a nonparametric model of Australian meat demand over a perioc. that coincides
closely with purs. ' '



and X s the total expenditure on all meats. The budget-shuse equations (i = 1 for beef, { =

2 for lamb, and 7 = 3 for porki are

h s e Yy, s B NP,
I “

where o, ¥, and i, are strugtural par:xmuteﬁ. and P is o price index defined by

Inf =0y » }:(xl Inp, = h.}.).g o, o np,.
: LR :

The LA/AIDS model uses Stone’s (1953) ge(mwtric approximation to this price index:

P =Y, s, np,.
' t

The corresponding uncompensated own-price, €, and expenditure elasticities, 1, of demand

(Green and Alston, 1990} are

'Yu

The adding up, homogeneity, and symmetry conditions imply

e

3
): =0,

.
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3
E
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(2) ‘ 1
| 2,

Yij = Yo
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Cashin (19913 reports test results supporting these hypotheses for a demand tﬁod«:’l’ for

Australian beef, lamby, pork, and chicken,

()j)finmlit;v
It all the Grms in o market fomm a cariel, they equate the marginal revenue
corresponding to the markvi demand curve ta the marginal cost. 1F the firms; are price tukers,
they equate price and imwgi:ml cost. Other market 'strt,wmrés lie ‘lw&wmn these two extremes.
One vonvenient way to capture an entire family of possible g‘:quilihrizt kiis« to equate
margmal cost with a measure of effeetive marginal revenue (Bresnahan 1982):

P+ by DA |
where A e [0, I} s a parameter that reflects market power. If 4, = 0, the effective marginil
revenue equals price and the market 1w perfeetly competitive. 1 4, = 1, effective rargingl
revenue equals the marginal revenue cmrespmmlmg to the market demand curve and me
market s perfectly collusive,  There are many possible intermediate cuses where A, lies
strictly between O and 1. For exemple, ina Cournot equitibrivm with » identical firms, A=

I/n. In geneval, the optimality equation for good { i

(3 norA g{..}«f.qt = ("Itz/,}.,
o,
where C (¢, is the total cost function and (g1 is marginal cost,
Although A can be given a conjectural 'vaxs‘i;itit)ns- interpretation, -wc:‘dﬂ not do so,
Rather, we view it only as 4 measure of the gap between marginal cost and price. *1,1115; gap
is created by some unknown game. Faor example, the gap caufld result from a f’ulkwtbec)mm

equilibriym that lies between the collusive and Cournot eqiilibria,



This approach, summarized in Equation 3, has been widely used to study u single
market. We now generalize this approach 1o study several markels at once. For specificity,
we assume that the marginal cost for each good reflects constant returmns 1o Scaie and is linear

m wholesale price and wagex:"

‘4 m, b . . 7 N . Y
: Colg) =0+ by s dow,
where v, is the wholesale price of meit jow s an index of retil wage costs common for ull
meats. and @, By, and d, e pasaneters.
In the LAJAIDS model, the sloge of vach demand curve, holding total expenditure on

all goods, X, and other prices p. j # £ ocanetant, is

T i
e ;
(5) W Pals e}
ET T AL LR
{; 1) L Rt 1

where & refers to the Kronecker 8. In the case where each firm sells all three goods, as we

assume here, Equation 3 generalizes 1o

r)j

(0) y ok b N el - C Uy )
& ff’?l}/i'dqx ,41,”

By substituting Equations 4 and 5 into the optimality cordition, Equation 6, and rearranging

terms, we obtain the optimality equation we use in estimation,

4 Constant returns to seale (the coefficient on o quantity term in the marginal cost
equation is zero) eannot be rejected for Jamb and pork. There is some weak evidence of
increasing returns to scale for beef. Increasing returns, however, is inconsistent with
competition, §0 we assume constant returns so as to allow for u full range of possible
market Srugtures, : £
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Our stroctural madel is obtained by ;sstimzitmg &l‘ht;: LA/MD.S demand 5y$tgm.
Fquations 1, subjeet to the priw«hnmngmmhy restrictions, Eguations 2, together with the
optunal pricing conditions for each industry‘ Iﬂéqu‘atinﬁs 7. All the parameters in this system,
ncluding A, are dentified. Bevause of the hamogeneity restrictions on the demand systom,
one demand eyuation may be mitied, Teaving i total of five equations to be estimated,

One miight hypothesize thas retarl market power is identical for each meat. Market
power s determined by market structure and the elasticity of demand. The retail miarket
structure for all meats is presamably wdenoval because all supermarkets and buteher shops sell
all three meats, and most estimates tncluding oursy show rcylmivc]y amall differences across
medt clastirties | |

Aceordingly, we estimate two versions of the model. In the unconstrained model, we
allow the market power paramelers, A, (o vary agross the three meats, In the constrained
model, we impose the restriction that X, & Ag E Z‘ & D

As notd in the introduetion, one might expect market power to rise aver the period
due to shifts in concentration. We allow for the pssibility thznt"n’rm‘kﬁt powet is different in
the wecond half of our period than in the first half, o example, in the constrained maodel,
we rewrite the market povezr parameter us A = Ay + AD, where D is 4 time :mmmy‘ﬂwt

equals zero in 197179 and one in 1980-8K.

3, Data
The dota set includes 72 guanerly observations, 1970:1 to 1988:4, for retall price

(¢/kg) and the apparent mnsumpﬁon quantity data (kg/capituy For each of the three meat
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groups.S The consurier prive index s usm;i’ to convert nominal to rw values.  The
comsumption dati are Trom (e Australian Bureau of Agricultural and Resource Eeonomies.
lFor a detailed mmmmlidn of the vonstruction and sources of these data, see Cashin (1991),

The data on retail ;’md wholesale prices and fabour costs were kindiy provided by
Garry Griffith and are ;iwmilm{ in CGiriffith e ul. (19913, The retail prices are from selecied
outlets in the Sydney area. The wholesale prices are from the | -mmc;busl'l market in Sydney,
Whalesale prives have l»m; adjusted for byproducts, waste, and shrinkage, We use nationa|
per capita onsamption dita as dity from the Sydney n‘mrkbts were not available, '['l’xu&; we
mphoitly assume that there is & high correlation between chinges in local Sydney
consumption and consumption elsewhere in Australii.

We wse as instruments the Australian Treasury 10-year bond rate, per unit electricity
costs, Australian money supply tM35, Australian GNP, Australian Cr'l, Australian population,
total Australian production of each meat, and time.  The source s }’ur trese duta wre the
Australian Meut and Liwz&mvk Corporation, the Australian Bureau of Statistics, and the dX

duta buse (X fur Windows, Version 2, Users Guide, 1996, Econdatu).

4, Econometrie Procedure

We use nonlinear tiee-stage feast squares to estimate the sysiem mnsiming of
Equations 1. 2, and 7. "The pork-share equation was dropped to ensure thit (e system is not
averidentifind due to the adding-up restriction, % o, = 1, in Equations 2. Starting value-s for
the nonlinear procedure were obtained by estimuing the demand system and then tuking these

parameters s given when estimating (he opiimality equations individually,

5 Apparent consumption is the difference between production and the careass weight
cyuivalent of net exports plus the reduction in the quantity of frozen siocks, \
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Autocerrelation ;:m‘rcc:iton terms for the share equations und the optii‘halixy equations
were estimated using i grid search, A fourth-order autocotrelation correction was included
mthe share equations of (he demand systen, Cashin (1991) suggests 4 fourth-order
correction beeause of the quarmrl} and wusonal matuee of the data,® Consistent with theary,
the autocorrelation paranselers were c;«msu*nned o be egual lm a given lag aeross share
equations, The estimated autocorrelation correction tims on he shure aquations are (P, Pay
M pg) = (0643, (‘) 1%, 0,18, (L55% where py s the coefficient on the error term lagged j
periods.  Using differeat prive data, Cashin t1991) used a diagonal AR(:I) specification to
estimate i LA//\H)S sysmm of four ment demands in Australia and found similay pm'mnemr
values.

Fivst-order cnrt‘eu;ium were included in the optnlity equations,  The estimuted
autocorrelation terms for the optimality equations were 0,20 for beef, 0.55 for Jamb, and 0.95

for pork.

5. Results
Results for the madel where the marksy power parameters, A;, were free to vary by
meat are reported in the Appendix (Tables A1 and A2),  The Appem;!ix has o brief
explanation of the model specification and reports the u,su]xs csf tests of the restrictions that
the market power terms are L(]lld‘ On the asis of o Wuld test statistic of 0,11, we cannot
reject the hypothesis that Ay = Ay = Ay 2 A at the 0,05 mnﬁdcma level, Thus, because we
expect rewi) murkm power to by equal peross nwm and besause we cannot refect this

hypothesis, we now impose this consiraint,

o !mluding scparam sgahmw) dummies digd not substantially ut‘fwl the ws:f“mlems ol
other varlables or the fit of the uwmmn.
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The estum.m:d coetficients for the restricted model are rcpnrted in Table I, This modcl
fits the data rensonably well, For ex.:mplc, the «,out:ldtmn Locfhmenl:» bc,t,wcen uctual and
estimmed market shares are 081 for beef, 0,72 for lamb, and 079 for pork.

The m\;nnmfice. £ a0 expenditure, "ni"elusticitics for cach fnczit are of the expected
sign and all are \mmtwally sng_,n ifice mtly different than O at the 5% level, as Table 2 shbws.f
The demand clastm&y estimates are close m those xqmm(ui by Cashin (1991),

Our estimate of mmket power in the first half of the sample, 7*0 = 0,00007, md:cutes
a vimmlly perfectly cumpéliiivc market fas does the cu_rrespmulmg Lerner lncicxes, which are
also vitiua‘ﬂy zero). The m,nm power measure does nat increase in the second half of the

sample (& = 00006 with an asymptotie smndard error of ().I)‘() 1

l*cxllc)wnw Griffith, Green, and Duff 11991), the wlmlmalc pnw and wa&e costs have
been included as th determimmts of retail marginal cost for euch meat, Lubour costs are
over 5()% of total retail; msts. Presumibly much of labour is involved in sales and other
operations Tor which all three meats are nﬁami esm;mially Lt,he"same (Gcifﬁtlu Green, aﬁd
Duft, 1991, |

As we expected, wholesale price makes a positive contrib‘utimw o ret‘ziil marﬂginal‘ Cost |

fm& each meat. We hypothesize that the coefﬁuicdt on wholesale price should equal one,
because the meat "pruducytinn pfot:éss" at the retail level is particularly simple: A pound of
meat bcmght as a pound of meat sold (Wholasaie prices are rczmi,.lwveigbbequivaletm having
 been adjusted for b'yprod’uc‘m. waste, and shrinkage), This hypothesis cannot be rejected for
beef ut the 5% level, but is rcjc-:cted for lamb and pork. The point estimates show a hegm‘we
relutionship between wage costs and retail marginal cost for beef and lamb, but these

coefficients are not statistically significantly different from zero,
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We also tested whether the retail marginal cost function for each meat is identical: o |
=0y =y by =Dy = byoand ¢ = 0y = ey The Wald test statistic is 6,88 with 6 degrees of
freedom, so we cannot reject this hypothesis at the 0,65 level,  Thus, although there are
physical differences between the carcasses of the three meats, they ixppa‘rem!y are tréa‘ted
wentically and hence affect retail marginal costs in the Samé wily,

LM tests were performed to identify the existence of autocorrelation in each equation, ‘
Thus, using ¢, 10 denote the error term lagged 4 pcrriods’. the equation ¢, = ¢y + ¢ €1 + Oy
Cua+ Oy 0y + By g Was estimated for each share equation, The equation estimated for each
of the optimality equations was ¢, = O, + ¢y ¢, To te’s‘t the hypothesis that ¢, = 0, for all
(in each equation, the statistic (see Godfrey 198%) T x R = 721’62 was computed and
compared to the critical value at the 1% und 5% level, using %3 for the shure equations and
% for the optimality equations. The LM statistics obtained for the beef share. lamb share,
beet optimality, lamb optimality, and pork optimality equations were 5.39, 7,75, 10.54, 7.34,
and 6,02, | |

We can use these general-equilibrinm estimates o sixrmlata the effects of i shock in
one market, such us an increase in a factor price, on price and market power in another
market, Moreover, simulations of the effect of 4 shock within oné market on the Lerner
Index for that market may be biased if one uses a single-cquation instead of a’systcm
approach, Given our estimates that there is virtually no market pmv,cr,‘}‘mwevcr, we find there
is little loss in us_ing sit1gl¢~ec,;uatim1 models for such simulation. The reason we observe no
loss is that, given constant returns to scale and ’mmpetitiom the equilibrium price is
determined by only the marginal uoski in that market, Thus, o dc‘mand shock in one market

has no price effects in that or other markets,
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In the absence of competition, the equilibrivny price is also determined by denvand
conditions in all markets (Eyuation 7), so shocks in one market affect other markets, und
the general-equilibuium resulls may differ substantially from the single equation ones, With
subsantial market power in each mmm (A = ' 043, Ay = 013, and Ay = 0.72), 0 10%
devmand shoek to beef. resulied in a 25% overestimate of the beef Lemer index when the
markets are una!wfcl i Isolation vompared to the results obtained from the system approach.
Thus. although, due 10 the existence of competition, vur empiri;:;xil results do not illustrate this
point. our simulations make it clear that farge errors in the estimates of the degree of market

power in an industry can result from ignoring general equilibrium effects,

6, Discussion

Using a new strugturl maodel, we can estimate nrket power simultancously in se‘vérul
markets at ance.  The madel is used to estinute market poswer in A.mstmlimf retail meat
markets. | | |

The system uppma\:h hos three benefits. First, using o properly specified 1‘11‘uitii‘111xrket
model should increase the efficiency of estimution,

Second, by using a general-equilibrium approach, m can simulate th'ﬁ effe¢i9 of 4
shack in one market on ather markets, or more aceyrately determine the effect of a shock in
a market on the Imxicr Index for that marketz. Failing 1o ignore these geieral ge‘quilibrium
effects can lead to substantial biases.

Third, one could use this approach to examine why market POWer varies across
markets. By estimating xuch @ maodel where the murkm pnweif parameters are written as
functions of market structure variables, we can examine how murket structure 41”(‘(3«:!&'
performance, Ideal ly. one would use cxo;,enous murket structure variables such as meusures

of barriers to omny Altcmutwcly one could use traditional struc,tune»mnduwpcrfm'm ance
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vartables such as advertising and coneentration measures, which are endogenous, Tncluding
such varables i our model would allow oie to ::1«:1‘\3&39& the énds of hothy the new industrial
orgamtzation structaral approach i estimating G pawer and thl: structuresconduct-
performance approach i deterniuning why mirks¢ power \{aricﬂe across industries.

Unfortumtely, we were unable to obtnn réliable xi\cusum of bz,wriers’m entry or |
advertsing for our data ’wt. Moreover. for these particular markets, we argue that there is
no structural oF OLHer Teason 1o eXPect Varition icrosy markets. Tl‘uw. in this study, we kwmy
estmate market power, and do pot attempt to model S.why market power varies across
mdustries.  Our estimates of market power in Australian beef, lamb, and pnrk retail
markets appear to e piau»iblc. The magnitudes of the own-price and expenditure elasticities
i ths study and in Cashun®s £19915 meat demand in Australia study are similar.

Our results indicate that meat retailing 15 competitive, Because retailing has become
more concentrated in Ammlli# aver time, we might espect mirket power to rise. Our resulty
show . however, that market power Imé not increased. (:mé rea&un xhny be thay butcher shops
sull aceount Tor a large proportion of meat sales in Australia (604, Industry <ommission,
1993). Thus, the increase in the differential between livestock and remil: prices seems
unlikely to be due to 'i’ncrcasmg market power at the s‘mil level.

Our research has implications for a number of issues concerning the Australian meat
market. For example, Griffith (1991) and MeDonald and S‘pin‘dlﬁr (19877 suggest that price
leveling is practiced in Australian wholesale and rc‘:milf'mark::m. Prive Teveling refers to the
smoothing of prices over time, so that not ull cost movements are passed on to customers,
Attempts to explain such hezh;&iar (e, g., Parish, 1966) are bused on limited ib'i’ormmiow by
consumers, which creates market power for firms, Previous anaiy&ex of price leveling use

reduced-form equations that avoid assumptions about the structure of the market, For
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example. Gritfith (19911 estimates. reduced-form éqmmm}s in which the retail price-cost
spread is assumed to ilcpcnd on the lagged spread, present and lagged wholgsale price, other
retatl costs, mmmén and retait price-cost spreads of substitute meats.

Our structurl wlysis of the Australian retail meat market informs us about the
envionment in which any price leveling oceurs. As we find strong evidence that the retail
market for cach meat is mnmcum‘e‘. the question arises as (o how price leveling can be a
profit-masimizing steategy for retail firms. Competitive fitms bid price down 10 marginal
cost. implying that o firm that holds price above n*mrginal cost (for the purposes of price
levehng) will suffer short-run fosses. If pricé feveling is t avoid long-run losses, firms must
be able to maintain sales when price is above marginal cost in order to recoup Josses ineurred
over the period when price is below marginal cost.  IF consumers are Joyal 1o etailers,
though. it is difficult to explan why méy do not exercise market power. 1t sem that further
work is needed in order 1o reconcile our results with previoas results indicating that price
levehng is practiced. I;iwmysiuﬁ- of the stractural model we have used seems the most
promising approach, as this will allow simultaneous determination of market structure and

price leveling, so that an internully consistent view of the two issues can emerge,
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Appendix

The results for the unconstrained model where the market ’,puwur pm-umeters‘ are
allowed to vary ficross meats are 5(1%«1 in ‘Tables 1A and 2A, Table LA reports the demand,
margimal cost, and market power pammcteniesx-‘mmcs, and Table 2A reports the own-price and |
expenditure elasticities.  The estimated elasticities are all of the expected signs and of
plausible magnitude. Al are significuntly diﬁt?if;:rem; from zeyo exeept the park expenditure
elasticity. ;

We cannot reject the null-hypothesis of zero coefficients for iy of the variables in
the optimality cquiuhm. On the basis of asymplntic ttests, perfect competition cunnot be
rejected for any meat at the (.05 Tevel. Further, we cannot reject the hypothesis that market
power has remained unmumi' aver fme. ’

The Wald hypothesis 1est statistic on the re siriction that the market power parameters
are equal, Ay = Ay 52 g is (1L Thus, the restriction vun be rejected at the 5% significmwe

fevel if the test statistic is distributed chi-squared,

",
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Fable 1; Constrained Model Estimntes

|  Coefficient — Asymptotic Standurd Error
[)(’IN(?I‘W - B “ e
w BN IATE | 0,102
Y 0,157 DR
Y2 0.133% (L0020
' 0,024 0006
i (1,43 - 0034
(X 0.233% i (1,083
Yz AT | B T (kE
iy 0011 V 0.024
B 0004 L 00028
ty 05096 (.08
Y13 0036 , (025
By {1, 120% 0030
Murginal Cost '
a, /XU L2
hy CnYTyE (0,237
d, R (1% (R 0586
0 2,000t 1044
s (0.600% 0,180
d 515 | 0.517
TN 2283 0.900
by 01,369% 022
iy 048y 0,405
Market Pawer ; : , ;
My 0.00007 0001
% 0.0006 0.001

“ Statisticully siphificantly different from 0 at the 5% level based on u onetailed test
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Table 2: Constrained Model Estimates of Elasticities

» . Coeffivients  Asymptatie Standard Errors
Own Price Elastivitivs | L R A
£ st 0,053
£a1 714 B 0.168
[ 37" (123
I xpenditure Elusticitivs
i e o (1.057
N 1.92%" 0.141
N (1.405" | 0,138

Staustically significantly different from 0 at the 5% level hased on i one-tailed test.
Flasticities are caloulated at mean prices s il quantities.
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Table Al: Unconsieained Model Estimates

o Coeffivient — Asymplotic Stundard Error
o e nbiiovy
@ | 0040 0,139
Yy | 0. 10)% 0,043
Yo 0,154 0045
g 1,053 B (1K)
B INTTEN 0,040
thy | 0,208 0.171
Yas AL 154 0,051
i 00009 0,009
By 00 (0,055
0y (1.752% 0126
Tt 0084 0030
By S DRE 0,043
Marginal Cost '
a0 | (1,504 2,634
Iy Logy 0,608
d, D059 1210
by 2511 592
by 2808 2218
dy 80s 4,701
ay 0,723 , 50,602
Dy | 2,212 6,981
dy | 0.174 12,755
Market Pawer ' ‘
A 0,102 0,344
Al 0,036 | 0.096
Ad 000006 00008
A o4 (0,004
A 0.043 0,350
Ao 0o0x 0,223

" Sutisucally significantly different from 0 nt the 5% level bused on a one-failed fest.
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Table A2: Unconstrained Model Estimaies of Elasticitics

L i o Elagticiy  Asymptotic Stundard Ervor
(‘*j‘x‘\"ll;k‘;l'f‘t“t* Elasticities | CEn s S s (e
ey | -1.363" | (1053
o -1767" | | 0,301
&4y . (A

Expendinwe Elastivitios :
o Lae | 00
M et 0278
Wy o4 o 00Y7

" Statistically significantly different from 0 at the 5% level based on u one-tailed test.
Elasticities are calenlated at the means of prives and quantities.
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