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Toia paper Teporca Che tesnlls of on empirical scudy of the margarine
industey ard (fs eempetitive seructure. The emnaiis in the paper iz on

the Eeasib@lity of wiilizing cancmical correlation wnalysiz to identify

dimensions of price cawpeticios, 7The empirical results iodieate chat mejor

~

W
brunds of mayparine hawve only o iimited degree of priee compecitionm.
INTRODUCTLION

Idenrificarion of comperivive mavker StTuctuYe in monopoliitic com-
petition and in heterogeneous ¢ligopoly sifwdtions is extremely difficuic.
The ecangmic price theomiy Is of limiced usefolnese in these merket zitostions
duit to produce diffeTentiztion and sepmentation of the merkec. llowever, che
manaeey #nd the public pelicy makers ousr opderstnnd che nature and SETactuTe
of price compeEiticn in ordet ko eifectiveiy compote and regelace ic. To
understand the competitive struccure of an feduszry, we need fa kaow che
follawiag: Mow are the diflevant brands in the product class related to cne
anpther? Ace they complimentary bocau-e chey cre desanded reciproeally or
ot ac all geleved hecsuse there i3 0o correlaticr bebween them?  Secand, wsho
copperes with whom? Dovs the srice echange on one bBrand have any elfect om
che demind of cther Srands?  Whar is che exteet af price alastieciey zad ~ross-
elascicity dcreas differenl brands? Finally, is It paszsible ko identify anv
cluzters oF brands which are interpally competiag among themaelves dut thera
seems virtually na pricc comperition betwsen the ohrzrers? I ather words,
how extensive is price competition im the msrket place?

The traditicndl econometric oodels tend to be less vseful to oravide

insights inte the abowve problemz Secavse they either reguirse a prieri

presumpticns about he mazhes stryeture or imgist on & highly formai
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machematical models properly specilied and ideatified even thouph it way be
pprealistic, In skerl, he economesvic models rpely hesvily on the theory of

the firm co specify meduls af cosperition ang the price theory hazs not

addressed irself fullv in situatiewms avnes Shar peTfect coopovibice, eligopely

It {i
afid monopoly ali of walch rageira -adifiervptlaged sroducts and mackess.

A4 malcivariate szatiutics]l madel waich zzeos apprapriote te provide

the empirical decevei st dimeosioualisy ol oether sioeccnre aond the

magnitude of price compericion amciy vATiows UTypes o Srands Is tacoaical
carrelation analysis. The Lechnigee mawindizes whe sCruebure of relacionships
betweon a et of eriterian warrables such as Che decand For wiartiowes brands
and 2 =et of predicior wariables such a5 the avevape pricvs af chase braode.
The olblective in canpaical corcélaTion aealysis is bo tedwre The cotal
complexity of velstionships borh wichin and betweesn sels of variables o s
commoe orthoponal melcidimensional space [£2} [5]. The dovelopmeac of the
coimmon waderlying dimeasionality which exists between and wiehia EEVETH

criterion dcd predictar wariables epablies Uhe teseazeher Lo ootain 4 cotal

perepective of rhe phensmencn which is otherwise ot possilble in toe ecomumetric

technigues such as Tepression o even iimulbanecus cquations.

Since it iz often our gijevtive bo determineg The dimensionatiny af
competitive struchnte a7 g mircsef ic 1= lopical to wcilize canonical
covrelarios analrsis. oafartenazely, its application to vConamectic
problems has been limized [3§ due to fhe complexiry of che technique itself
[¢)} and due to problems ic its interprecations {15. bowswver we hope to

guggest some guidelicas in rhe applicacion of canenical garvelation analysis

[ this paper which winimize these problems.
STUDY DESIGH AND RESCLTS

The study wes conducted Lo empirically estimare the structurs af
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margarine indusity with respact ra price competicion. The daca for che
demand of various bresds of wargatine Are 8 pars of & naCional probabilicy
panel of more thza 10,000 heuseralis = o report Suery weekd their purchase
behavior with respeci to grocery producss. Froe Lhis data base, wi Ddwve
cilculatedfiche average weekly wrice ic conte (or ecach of the veg largess

sciling brands of margerines, Similarlv, we aTe in 3 sosilion “o estimsce
N
&

the averuge quantity demanded i oone

uf of zach brand of corgarice for each
weck. We have, therefare, 52 gbservabions an gl qverage price snd guantity
of each Brapd of marparineg in one year nlstory of coabinueus roperting by
che paael members.

I ordér bo ewamine Cig structure of price-quancicy relaticnships
among the fen brands, simple correlarions #re caleelsced apd summarized is
Table 1. The disgonal elements in the table represest the price elascicinies
of rhe brandy of margaring. As cam be seeér from the tahle, the demand for
brands &4 aed 3 seems to be relariwely morve determined sy clhsir own prices
thao by oclhers while the demand fov bracds b, % and 7 seess te he deiermined
¥ noaprice Jactore. Alsw, rhe average prire iz not che sole decercinasc af
the average dem2ad Jor any brend of me_garine suggesting thac ether fackors
such 25 conzumer preferences, habirs, brand lovalties and praduck prreepsions
may he 8lse paribly responsible for a hraps's demand,

The ofi-diagumal elemancs of the tahle répresent the cross-elasticities
of different brands nf marcarine. Surprisingly, musl of the cross-elasticisy
eofrelations are nov significant indicakbing relatively liztle inCeraction he-
tween rhe competing brends, Cnly i che case of breand 7, do we Zind thac
its cross-elasticily correlation wish the ovice af brand 1 is stTopzEr Chan
fts own price elasticiiy corteldation. Second, owand: whose demand i3 gowornad
by their price ae¢ not ecqually sensitive to comperitor's priees. For cxample,

brand 4 haz the highest price elafticity corvelationm but wery =malt eross-
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TABLE 1

Simpie and Haltisle Correlatichs Between 3vand Jemand and Price

Erand Prisc

i 4 3 4 5 g 7 3 2 13 Multiple
It o Cormalatist

B T N N Y R E R N T e e

P B R T I Rl T 1 C I . TS > R, - L | LB7F
4] - L3 -, 208 0 -,.47 {4 WLH - 07 ) .52
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Brand LALR - k0= 0] -,335 -.63% 13 [ A W P ) .Cl JTTE
Cuantity -.12 =.15 W12 -u08 -.0L -ul: L1 -, DB -,1i —,28 3B
R 05 15 LOL =07 D8 ., 31F 47 -5 .00 L 5%

J0F -, 10 —,26 0 -, 2R L268% 2,02 = 51% -,18 - 0u Ak

G =03 =11 PLET- B B BT - S |- L32% a8 -,51% -,12 LEER

1 -.04% L15  32% ,36% 12 =.0u LB 0T .13 . Bl LBl

*Eignificant at £.03 lavel

aelagticity coypelationg with other brands. Third, twe brands seem to be

able to brisg abeur chasges in the demand of otner brandz of mapgarine by
cnanging their prices. These are brands 1 and & whose cross-slasticity
carrelatishs asress other brands are larger than others, Cn the other fend,
prige ghangez im brands 8, 9 and 10 seen to have wery Little relationship
with the femang of competing brands al powgh Their own denand s sigaificently

affected by these orice changes., We hyootnesige this gSi

t

wation te e poohable
for vegicnal or private Zabel brands. Tinally, thepe ave several zispifigant
arosg=elazgticity cormalatiens which are negative and, therafore, cobirary

to price theopy, Fortunately, the m3gnitads of These correlaticns s net

high enouph to gericusly examine for aiternative exslaraticns. Tre gimnlke
eorpelations o not fully portray the pagnitude of price-guantity oeiationships
for each of the brands. Therefore, a linear multiosle vegression of the demand
for & brand on the prices af zll the ten brands was performed on each brand

of margarine. The resulizs are 2lgoe summapized In Tabie 1. Even theugh the

mutipie gorrelation iz gemerally greatar than the price-elastigity gerpelation



of the brand, moat of the inflated cerrelaticn arizes by chance =ince the
degreas of fresdon are rapidly lost with small aurber of sbhservatieons. &
statistical test of significance cisarl-- reveals that the total price-quantity

relationship s not even sipm:ficant in too case of Srands B, 3 and 7 vhoze

-

derl_land iz pﬂc"asu:na]:-ly cetarnined by nosprice facters, ©On <he other hand, the
-demznd of byends 4 ang 5 is fairly well detevmined by the interplay of tzeir
priges and cemmeting orardés' prises In the mar=et nlase,

While we are ab le to examine the impaet of peice competitisrn on each
brand of margarine separateiy, it is not possible to detarmine the atructure
of price com;etiti¢u from the viewpolnt of the total indwsiry with the uss
of regression anslynig, However, it ig poggible to sxamine the price-guantity
relationship for The total industry with the vse o cancmical carrglaxian aralysis.
We develop the cancnical cortelation madel by sreating the dverage demsnd of
each of the ten brands as ecritericn variables and thels average orice ag the
predictor variables. The simultanesus repeession of all the demand veriables
om all the prices represents tha enalysis of estimating competitive macket
structure for thre total indusivy. Takle 2 sumavizes the results of cakonical
eorrelation analysis. The firec Tive . mepizal warliites Jere Tfound to be
gignificant at 0.03 lewel and are, therefors, retaiced for furthen analysis
and inference.

A2 in other mitivariats Techniouas, the canonical variaces aye estimated
by arbitrarily paxizizing the correlatiom bstwesn the criterion and the
predictor sets of variskles and deriving each sdditional camonical varlate
concitional ugor the mawimization by earlier variates, This eomsutatiasnal
cenvenienca, however, pResents sevious preblent of interpretation becawse of
the cheice of one sat of canonisal wariates from an inTinite combinatien of

other sets all of which can maxiaize the total cortelation bhetweern two sefs
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of werisbles. In owder Lo resolve the indeterminacy, it if zdvanbageous Lo
rotate the canonical axes similar to the vobtation procedures commonky utilized
in faccotr anelysisz. We have, therefope, pectormed an orthogonal varlmax
ratation of —he signiflicant canonlical weristes in arder to acsess the woderlying
wetkec sirdfezure among Che tew brands with respect oo thelr arice-quanticy
Jrela:iunahips.

"

I
The rotated ganantcal warisces are semmerized Iin Tsbic 3. Lach rotaced

camonical awis veprezents Sp indepentent (orChegonal) dimension ot 4speclh af the
cotal compecitive market screcture, [efere we exaoine the substantive infer-
enced of each dimpension of the canerical space, it is worth zothicg that Ehe
sverage variance ewplzined 1o demmsad af all che ten hrands of oorgdrine 5v all
the average prices is 3% per cenc, Similarly, che redundancy owasurc proposcd
py Stewsrd and Lowve ia] ia only 33 per cent if we limit ¢he cabculation: teo the
Firsh five significaant capomical wariaces, The diffcrence of six per cent
betwean —he everage &7 and che redurdaney 2asure iz, Checelore, doe o rhe
additional canonical wvariates and can be breased as errev ar upstehie veriance,
Howewer, it is ooviecs from the results that fhe sconemic price bhesdes is
only parcially werifiec when we carry ihe anaiysis {o the Lobdt induscCry
lewvel zecause the sedundancy measure ar the averape ul represents bhe opcimal
dmgunt of relafionship hertweer price rnd demand ol the margarine warkec.  XE
would, cowcelorve, appear that the belx of demand (or specific hraads of
mATgarine iz determipce oy neaprice fagcecs includinc habib, fevalty, product
payeepbiong &nd sicuacional ovents impinging on micto lewel purchase actiwities.
If we examine ine s:rtocture of each dimengion of price comperifion, =&
can egaslty see thar some beands are subsricuces, others are complicencary and
many obhers are isolaced. The first dimension clearly reflects the substitube
rolationship between GTand 1 and 8 begausze they axhibit boech price elascicicy

and croge-glasticity Telationship metoaliy far eseh ochey.  The zecond dimen-
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sign reflects the isolated demand for brapd 10 a5 a Zunction of ics own price
and rhe price of brund 3. WHe see the suvprising empitical evidepse where the
erass-elag{icicy botween two brands is nef reciprocal: rhe price change in
brand 3 has an effecr gn the demand of brand 10 boc oot vice cersa. The
thize dimé%sion brimas oul in bold relief the reiarively dominant srice-
ciﬁfticity of brand £, Iz is an isoiated hrapnd wvhosc demznd is primarily
sensitive to chawrges in its own price.

The fourth acd che fifth dimension seflect the cooplimentaty relacionship
Detween brands. Ib seeme that brasds 3 and 9 arc jointly demandad sz =
functian of the price of brand 5. Strengely, Che price changes in brand 7
also feem to determine fomewhab chis complimentary velacienship, Finallw,
brands 2 end 7 also manifest complimentaty relationship as a fumcrion of the
prices of brands 1, 2 and 9. Omnce again, we soe che lack of reciprecal
Telarionsnip berween The brdnds in that price gffecis Srands 1 and 9 o hrands
2 and 7 are nof reciprocaced.

Tt will be noted thot none of the thyee bronds whose individuai price-
quactity valstiongships aze nonsigeificact (heand 6, 3 and 7) exhibic any
strory divecrionality on the five dims fiondl canomical wpace af the competitbive
marker stvucture. This is cuite compruvnt in view of tho face chail the derand

for these brands is mare desermincd by nonprice facrors chao by oprice factors.
LABLE 2

Canpaicai Anclvsis of Price-Quaaticy Variahles

PLNCTION EIGENVALIE  CORRELATION  WILYS LAMED&  CHI-SQUARE  DF
1 0. 1800 (. 3E8G 0.3249 220, 5383 100
z [ERLE ] d.BOTF 0.9235 L33 8742 81
3 (B l20 07323 0,0616 111_Ed66 b
& fr.a084 J.63%9L 0_t7al 72,5402 49

5 a.34Q7 0.5837 0. 2945 53.7523 34
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TABLE 2 (¢omtinuad}

Canpnital hnalvsig of Frice-Quanticy Yariaklez

FIRICTLON ELCENVALUE COREELATLION HILES LAMELA
b 0.32%92 5.510¢ 0.5%55
- 7 o 0.2521 B 59z21 Q.6656
2 0._DES1 D_2ﬁ2$ 0.8899
% 3o0a0s 0.2312 0.9359
w F. 0035 0.0614 a99h%
Matriw® of Crifericn Weighre
1. 3 3 &
Quanclitw, Brend 1 =1, 339759 0. 17341 =0.03%55 O 47073
Quantity, Brand 2 1. 20634 -0, 32025 G-a43l5 Q50724
Quapcicy, Brand 3 0.0&795 0. 30908 =0 42405 e L T
Quantity, Erand % -, 256863 0. F7aR? D.&RL3L -D.0193F
Quanticy, Erand 5 0.643E6 BLaTE2E -0.19002 -0, 123566
Quantify, Erand & -4 . 2053 0.0%310 0.123%38 0.3924%
Qmantity, Brand 7 ia.17514 =0, 40619 0. 36634 0,09703%
Quantity, Brand & 9.0827% -D_0ZLY6 [P -Q,.517L7
Quantity, Rrand 9 {.27060 0.Ou7?8 «0. 14165 (.50750
Gusntity, Erand 1¢  -0.30981 G. 05025 D.43321 0.03530
Macrix® of Prediector Welghts
L 2 N e
Price, Braad 1 J.61124 =0.40582 0.32033 =0.2449%
Frice, 3rand 2 -0, 37010 Q.07430 -0, 11954 - 3EHEG
Frice, Brand 2 -0_37325 0.117°2 0. 566093 a_30895
Price, Brand 4 ~DLAVERS -0,64215 -0, 33451 8.02428
Frice, Grand 5 =G A73LT =0, &05 35 £, 25905 d.177351
Priee, Srand & 0.12550 1.BEREY =i, DEETS b.15921
Price, DBrand 7 0, 17004 a.23:7% -}, 25224 Oo36104
Price, Zrand & 014377 =0, DE154 =, J2E32 L.5L152
Price, Brand 9 -0, 14502 (L ARBSL -, 35229 -D.3582F
Priee, trsnd 10 a_18318 J.D2535 =0.42571 -GLOGGHD

CHL - SQUARE

33,4640
16, Bga3
4. 8413
1 8724
0.1566

J.37221
O 63643
-0 062
0. Lb9nZ
-0, 27585
=0.11316
T.29455
-0_132%6
=0, A Sad
0, 59927

N
J.07678
- 35252
4.015%95
-hEBIVY
O.71613
. 14934
-G 3t22%
f.3ial?
B,02776
D.&2&25

#Gauly gignifiecant cananiecal wvarirtes are inelwded vsing D.05 =ignificance

TABLE 3

Bacebed fancnical Space of Competitiwve Markeb Btructuze™

Fotated {anonical Varisre R2

Criterion Set [(Quanciby) T L¥s Ti1 v v
Brand 1 ) .89 46
Brand Z i

TF

25
18

lewel.
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