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Abstract

_ The multinomial Togit model allowing for specification error was
used to analyze frequency data on the number of households purchasing
alternative forms of orange juice. The results indicate that the odds

.of'choosing frozen concentrated orange juice, ready-to-serve orange

juice dr’bqthiﬁfoducg forms relative to the choice of not consuming

orange: juice increase: or remain unchanged with income, have negatijve
own-price  and positive or neutral cross-price relationships, decrease
in the summer, and are positively related to the previous period's

odds, suggesting the influence of habits in market partfcipation.

Key words: orange juice, frozen, ready-to-serve, market participa-

~ tion, multinomial Togit.




Orange Juice Market Participation:
A Multinomial Logit Analysis of Frequency Data
-~ on Purchases of Alternative Product Forms
Markeﬁj'q§rticipation is an important aspect of orange juice
~ demand. The demand for drange Juice, or-any'pro&uct in general, can
bé-vdgébﬁposed‘ into-.two~ péfts? a markéﬁ-participatian component
ihvolving:number of buyers and.;:quantity-per-buyer component. The
decomposition can be useful for understanding and describing consumer
behavior and has received jncreasing aétention in the 1literature
(e.g., Tobin; Amemiya, 1984; Lee and Trost; Thraen, Hammond, and
Buxton; McDonald and Moffitt; Myers ;nd Liverpool; Tilley; Hanemann;
Wales and Woodland; Brown). In particu]ar, Brown's study indjcates
the importaﬁce of market participation for orange juice. In that
study the own-price elasticity for orange juice was found to be -1.4
with about half the effect due to consumers entaring or exiting the
market and the other half related to changes in quantities purchased
per buyer. ~ Although sellers are ultimately Ynterested in total
demand, information on the decomposition of demand can be useful. For
example, in . developing advertising and . promotional programs,
».fnfbrmétiqn- on market particibation, as well as i{nformation on
.quahfftyt&éméﬁdéd;'éan befuseful in determining the different weights
gjven{to>étiractfhgénewfbuyersuand.intreasing the demands of repeat

buyers-J.

in'thevhréséht study;, markethartﬁcfpatfon for orange juice is

further examined with attention focused on frozen concentrated orange
Juice (FCOJ) and ready-to-serve orange juice (RTSOJ). Frequency data

related to number of purchasing households for<f0urvcategories -- only




‘FCOJ~ consumefs, only RTSOJ. consumers, consumers of both FCOJ and
RTS0J,. and nonconsumers of orange juice == are analyzed using a multi-
nomial Tlogit model. Market participation in these categories has
‘changed. substantially in recent years, under1ying the expansion in
RTSOJ sa]es, and 1eve11ng off and decline in FCOJ sales. Retail
grocery~store sales data provided by A. C. Nie1sen Co., show that from
1970-71 (December 1970 through November 1971) to 1985-86, sales of
_ orange- juice more tﬁan doubled, growing from 404.6 million single
strength'equiva1ent.(SSE) gallons to 884.1 mi11ion SSE gallons. Over
this period, RTSOJ gallon sales grew from 22.6% to 51.4% of the total
gallon sales while FCOJ gallon sales fell from 77.4% to 48.6% of the
total. Data on other fruit juices also indicate orange juice has been
and. continues to be the most'popu]ar.fruit.juice. In 1986 orange
juice comprised 63.5% of tota1"fruit juice gallon sales, and fruit
juice galions sales, overall, grew 38.8% from 1978 to 1986 (Stacy).
Market. parcicipation* data provided by NPD Research, Inc., provide
insight into the changes imr the orange juice market. The NPD data
indicate that. from 1977 to 1986 the annual average perceﬁtage of
orange juice consumers who purchased chy FCOJ fell from 72% to 50%

- while the~bercentage whO‘purchased only . RTSOJ rose from 21% to 39%,

'and the percentage who purchased both 'RTSOJ and FCOJ rose from 7% to
H!fII%-“ Monthly NPD data ind1cate -add1t1ona1 variation in the
percentages~ assoc1ated w1th changes in prices, income, and other
?;demandl fectprs.:suggestingv,under1ying causalA relationships. These

imp]ied;,demand' relationships are the focus of attention of the

remainder of this. paper.




Model

The: multinomial logit (MNL) specification suggested by Parks was
used to anaiyze the frequency data on purchasing different FCOJ-RTSOJ
mixes. The MNL pfobabiTiﬁy that a consumer chooses product mix i (i=0
fbr'nonconsumers of orange ju1ce, i=1 for only FCOJ consumers, i=2 for
' onTy'RTSQJ cansumers; ‘and i-3 fbr‘consumers of both FCOJ and
RTSOJ) in month't:can be»written as
(1) Pitv- eB Xit~+ V1t
3 BZ K., +V

1+zed dt
j=1

jt

1 ’
1+§ea‘]xJt vﬁ
=1

where' the X's are vectors of exp]aﬁatory variables, the B's are
parameter vectars, and the V‘s.are error terms associated with the
specification. The probabilities are normalized with respect to the
Zero purchase category for convenience. .
| Replacing probability Pit fnﬂspecification (1) with observed
frequency th, defined as fit=nit/" wgere iy is the humber of house-
ho]ds in purchase category i and Ny izg1t, and taking the logarithm
of’the.odds of’making cho1ce i relative to the zero purchase category,.
h;the MNLvmodel can be expressed. as suggested by Parks as
{,(z) Tn(f.t/ ,-ai xit*-vitwit t=1,2,3,
”»—wherew an’ additiona] error. term: u1t: associated with the observed
1_ﬁf¥equenc195 has been 1ntroduced (Usp = In(F5,/T,) = In(p, t/Pot))‘
"The “error term U1t has trad1t1ona11y been recognized (Theil, 1970)

- while - the errqritermavit has more recently been proposed by Amemiya

and Nold in the binomial logit model and by Parks in the MNL model.




The error distribution assumptions for the model, following
Parks, are :

(3) ~E(Vit) = E(Uit) =0,
(4) E(Vit'vjt.) =‘°ij for t=t' for all i and j,
= (0 for t#t' for all i and j,
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(6) E (vit th.) =0 for all i, j, t and-t'.

. Expressions. (3) and (4) are the usual contemporaneous correlation
éssumptions.fb§ systems of simultaneous equations or seemingly unre-
lated equations while equation (5) indicates the traditional error
structure u;ed to estimate the MNL model.

The exp]anaﬁary varjables used in the analysis included the
Togariﬁhms of the deflated prices of FCOJ and RTSOJ; the logarithm of
deflTated per capita income; a summer-winter dummy variable taking a
value of one frdm“May ﬁhrough August; and. the lagged value of the

“'dependentf variable, the logarithm of the odds ratio. The Tlatter
| jvarfa'ble?\gaS;fncl‘uded:fofcapture:persjstehceqin'buying. or inventory/
,:habjt:Vefféctsn‘CTiTTey).; Prices and " income were alsa specified
‘ j;IfﬁéarJg~hutfdi&Inot:fit'as'weTT as the Togarithmic specification.
g SéTécffdn'6?‘9arﬁab1esﬁa5tweﬁT'as:thé MNL model is based on previous
-'theofétiééT' an&‘ ahplied;iWork; (see Amemiya, 1981, and Maddala for
'.fdjécussidn of‘the-MNL model and examﬁ]es of applied work). The MNL

specification has also received considerable attention in demand
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andTysis in recent years (e.g., Bewely, Bewely and‘Young; VyrreTT and
Mount, Considine and Mount). A discussion of the discrete nature of
the consumer choice is provided by Hanemann and Jackson.

Consistent and asymptotically efficient estimates of the MNL
model described:abqve»can bgrobtainedtas discussed by Parks;. Briefly,
the.Parks‘pfoceduf& obtaTnsAconsistent estimates of equation (2) by
‘using thelﬁrdiﬁary Teast Sduares (OLS). method, estimating the MNL
model covariance matrix using the OLS residuals and tﬁe observed
frequencies, and applying the generalized 1least squares mgthod.

(Details of the estimature procedure are given by Parks, pp. 238-299.)

Data and Variables

Monthly time-series data on frequenéy of household purchﬁses of
the-differentforange juiéemixéS‘(f};) were: provided by NPD Reséarch,
Inc. The period analyzed was from becember 1977 through August 1986,
providing 105 observations. The NPD data were generated for the
Florida Department of Cftrus from_a diary-based survey of about 6,500
households representativé of thg~U.S. poputation. NPD also provided
data on prices of FCOJ and RTSOJ which were used as explanatory

variables. The prices are average retail prices actually paid by the

househalds 1in the: sample. The Survey of Current Business (U.S.
"Dépabtment:of‘Cbmmerce)'provided'data on total U.S. personal income,
the consumer price index (CPI), and the U.S. population. The CPI was'

'uéed:t&idéfTafé#fheTpriée:ahd'income'datafan¢.thefu.sﬁ population was

»'uéedftéréénstruét'the per'tapité fncome'data;

Results
Initially, consistent estimates of equation (2) were obtained

using the OLS procedure. The coefficients of determination for the




“choice equations for FCOJ only, RTSOJ onl Yy, and both FCOJ and RTSOJ
were: .92, .73 and .61, respe&ive'ly. The Durbin h-statistics indicate‘
: autocorrelation is not a problem (Appendix A). The OLS residuals for
the choice equations were used in estimating the covariance matrix for
the MNL model. |

The: MN!LHestimates* baéed: on the Parks 'procedure are provided in
Table 1. Fm' comparison, the MNL estimates based on the traditional
procedure which ignores the contemporaneous correlation indicated by
eqoat‘:'ons (3) and (4) are provided in Appendix B. The Parks and
traditional coefficient estimates are roughly comparable, but the
consistent coefficient standard error estimates for the traditional
approach exceed those for the Parks model, although only slightly in
this particular case. The coefficient standard error results are well
known (Theil, 1971, p. 238); the Tatter, however, is not necessarily
jc':rue when the contamporanecus correlations are ignored in estimaoing
.:the coe,;fﬁdent covariance matrix for the traditional model. In this
:':case,. és. shown in Appendix B, the coefficient standard errors are
biased downward indicating the traditional model fits better than it
actually does (a discussion of the bias is provided by Parks, pp.
300-302)t . _

The resuTts 1n TabTe 1 indicate how the different exp'lanatory

ivariab]es affect the Togarithm of the odds of makmg a particular

4 -}1 -,choice reTative to the choice o‘F not consuming orange juice. As a

o f'bas'as for mterpretatmn Tabr‘!e Z shows trends in the frequencies and

~ odds ratios underTymg the model. The odds of choosing RTSO0J only

and both FCOJ. ami RTS0J have bee’n increasing over time while the odds

of choosing FCOJ only have been decr‘éasing‘. The mean odds ratios for




. ame e

~ FCOJ' only, RTSOJ only, and both FCOJ and: RTSOJ are -480, .219, and
.071, respecfively. |

In- Table 1, the coefficient estimates for the seasonal dummy
variable which are statistically significant (a 5% level of
significance is used throughout the analysis), indicate all three odds
ratios tend to decrease in the summer-.. The results indicate the
FCOJ-R#SOJ‘and FCOJ.dddszratfos:decrease‘1ntthe'éummer by about 8% and -
7%, respectively, while the RTSOJ odds ratio decreases more moderately
by about 3%. (Hereafter, FCOJ by itself refers to the FCOJ-only
choiée, RTSOJ by itself refers to the RTSOJ-only choice, and
'FCOJ-RTSOJ refers to the choice of FCOJ and RTSQJ.) Perhaps this
result is related to changes in household eating behavior during the
summer as children are let out.of‘schode, recreational activities
increase, and vacations are taken. Myers and Liverpool found.season
of the year to affect orange jﬁgce demand and suggested that during
the summer  there 1is probably more substitution of lemonade and
Koo]—Ade type drinks for frozen concentrates. The greater number of
other substitutes durin§ the summer, including the presence of
Valencia and other jyice oranges in the fresh market as well as the

general abundance of fresh fruits and vegetables, may also be a

~ possibTe expTanation.

'Given-thé>TogérithmiC'Specificatibn'6f equation (2), coefficients

fbrithefother*variab1és'can be interpreted as elasticities indicating
"perbentage=§haﬁgg§'1n thefbdds.ratio for one-percent changes in the
basis variable values.. Nith the:Tagged,dependent variable treated as
‘a predetermined vafiab1e, these é1asticities are actually short-run

-elasticities; for prices and income, long-run elasticity estimates can




be: found by dividing the short-run‘e1astjcjty estimates by one minus
the coefficient for-the'T;gged.variab1e (TiTley),

As reported in Table 1, income has a positive, significant effect
on the odds for RTSOJ and FCOJ-RTSOJ with the ela;ticity estimates
being 1.225 and 1.051, respectively. The income elasticity for the
odds: for FCOJ is not significantly different from zero. These
results, along with the expectation that income will tend to increase
in the future as in the past, indicate that the trends *owards
choosing RTSOJ and FCOJ-RTSOJ shown in Table 2 may continue. However,
iﬁterpreting income as the causal factor should be treated cautiously.
Other demand factors not analyzed due to data limitations may be
correlated with income with the result that the income variable may be
picking up. the jeint impact of such omitted demand factors. During
the period studied, the orange juice mérket ‘experienced increased
marketing activity by new entrants and established firms. This
activity may be related to the growth in RTSOJ market participation.
Again, due to data limitations the impact of increased marketing
activity could not be measured. |

Consistent with theory, the own-price e]gsticities for the FCOJ
ahd'RTSOJ‘oddS'are -1.039 and. -.730, respectively, both significant.

A TbeﬁFCOJaand;RTSQJ:price eTasticities for the FCOJ-RTSOJ odds are both
’ négatfvéfbhtfinsfgnfficant- The RTSOJ cross-price elasticity estimate
' _fbr~the-FCOJhodds~isipositfve and: significant at 1.136, indicating a
>'l:substftute;‘EéTationshipf. Om the other hand, the FCOJ cross-price
z-elasficiﬁy fbr~£he~RTSOJ eqﬁation'is,insignificant.

Thé positive and significant lag estimates. indicate habit effects

- .dominate: inventory effects (Tilley, p. 42; Sexauer, p. 130). The




coefficient estimates for the Tagged variables also indicate the long-
ruﬁ~ price and income: elasticity estimates: for the FCOJ, RTSOJ and
FCOJ-RTSOJ odds are 2.23, 2.29 and 1.69 times greater, respectively,
than the corresponding short-run elasticity estimates. Ninety-five
percent;of?theiTong-ren effect occurs in five months for the FCOJ and
RTSOJiodds~equetjons, For the FCOJ-RTSOJ odds equation, only three
: monthseare:reqdfred'fbr‘ninety-five:percene:of‘the Tong;run-effect to
occur. The results show that the strongeé“ the habit effect, the
1onger~the time period for the ninety-five percent long-run adjustment
to.occur, Strong habits imply price and income effects are less fully
felt in the short run.

In addition to directly indicating odds relationships for
Purchasing; orange juice, the coefficients in Téb]e, 1 cen also pe
applied to'g{ven explanatory variable values to estimate the purchaee
probabilities defined in equatiee 1. The transformation to purchase
probabilities allows direct analysis of how changes in the explanatory
variables impact market participation. The latter might be more
useful in fheAdeveTopmenttand’evaiuetion of marketing strategies.

The results of the study are not directly comparable to findings
reported elsewhere, although re1ated f1nd1ngs are reported by Tilley.-
~TﬂTey used doub1e~ IOQarithmic equations to estimate aemand

' reTatfonships fbr the percent of’fem111es buying FCOJ and chilled

"‘ orange juice (CGJ) empToyfng monthly data.from January 1972 through

.’Januany 1979 COJ 1s the-dom1nant fbrm of RTSOJ The re]at1onsh1ps
' ,fbr FCOJ and COJ were est1mated separateTy and not as part of a

probability mode1,~1n contrasteto the present study. Nevertheless,

TiITey'fbund that both~own-priee,elasticitiesvwere negative with the




FCOJ price elasticity larger than that for COJ. In the present study,
‘the own-price elasticity for the FCOJ odds was also found to exceed
that for the RTSOJ odds. The cross-price effects were insignificént
in the Tilley study, whereas, in the present study, the RTSOJ price
was fbund.?o positively affect the-FCOJLﬁdds;' In both studies, income
was found to positfye'ly affect the COJ or RTSOJ cheice while not
sfgnificantly affécting"the-ECOJfchoice; On the other hand, although
‘both studies found habits positively affecting the COJ or RTSOJ
choice, Tilley found a negative inventory gffect Tfor the FCOJ choice,
iﬁ contrast to the findings presented in this study. The latter may
be related to different data employed as well as different modeling
approacheslused.‘ Substantial changes: in the orange juice market have
occurred since the Tilley study. This alone would suggest differen;es
in the findings; The differencgs may also be related to the use of

more precise probability relationships in the present study.

Concluding Comments

Market_participation is an important factor underlying the demand
for orange juice and, in particular, the major product forms of orange
Juice -- FCOJ and RTSOJ‘ Application of the multinomial logit mode]
to frequency data on number of househoIds purchasing the different
. fbrms of’ orange juice 1nd1cates _seasonality, income, pr1ces, and
' habits are important.factors 1n the househo1d.cho1ce of product.form
The:odds of’choos1ng FCOJ RTSOJ or-FCOJ RTSOJ re]at1ve to the choice
“of not.consum1ng orange Ju1ce were: est1mated to decrease in the summer
_.by 7%,.3%, and 8%, respect1ve1y. The income elasticity estimates for
'tﬁ;;RTSOJ<odds:aﬁd.the;?COJ-RTSOJvodds-arelboth slightly over 1 while

jncome does not significantly affect the FCOJ odds. The own-price




elasticity estimates for the FCOJ odds. and the RTSOJ odds are -1 and
-7, respectiveﬁy; Thezprice;elasticity estimates for the FCOJ-RTSOQJ
odds were negative but insignifiéant. The cross-price estimates
suggest the FCOJ odds are positi&e1y affected by the RTSOJ price while
the:RTSOJ:gdds:areaneutral with respect to the FCOJ price. The odds
fﬁvthé prevfous period.were~estimatedzto positively affect the present
odds for all threerchoices; sﬁggesting'the»presence of consumer habits
in purchasing orange juice.

The analysis in this study offers more evidence-a@put‘the impor-
taﬁce of market participation for orange juice. With the development
of probability models such as the multinomial logit model and the
availability of'frequency_data, estimatiﬁg market participation rela-
tionshipsrhas the potential to become an important part of market
analysis. An area where the model might be useful 1is 1in the
development of advertising and promotion programs. Incorporation of
adverfising/promotion proéfmn variables into the model would enable
evaluation of the sensitivity of market particfpation and might be
useful. in determining relative ﬁrogrant weights for attracting new
. buyers and increasing the demands of repeat byjers. The advertising/
- promotion program: variables could include measures of program

Aexpendjturgs dn diffefent types of promotion as well as demographic

fVériabTeSidsefuT in targeting consumer groups.




TabTeﬁﬁm Multinomial Logit Estimates for the Log 0dds of Purchasing
FCOJ, RTSOJ, and Both FCOJ and RTSOJ, Relative to
Nonconsumpt1on of Orange Juice, Based on the Parks Model,
December 1977 to August 1986

Independentb, - Dependent Variable? _
~Variable FCod RTSQJ FCOJ=-RTSOJ

Constant: : 541° -13.461
(3.473)% (3.567)

Summer- -.068 -.028
- (.016) - (.014)

Income -.111 1.225
(.272) (.289)

FCOJ Price | -1.039 071
(.228) : (.194)

RTSQJ Price- ’ 1.136 -.730
: (.221) (.218)

Lag .551 .564
(.062) (.064)

x FCOJ, RTSOJ and FCOJ-RTSOJ are the logarithms of the odds of
purchasing only FCOJ, only RTS0J, and both FCOJ and RTSOJ relative
- to nonconsumption of orange juice, respectively.

b Summer = 1 for May through August, zero otherwise.
Income = logarithm of deflated per capita income.

. FCOJ Price = Togarithm of the deflated price of FCOJ.
RTSOJ Price = logarithm of the deflated price of RTSOJ.
- Lag: -the Tagged dependent variable.

& Coefff ci ent estimate..

~51'5d Asymptotjc‘standard~error est1mate.




Table 2. Sample Means and Selected. Data on Chofce,Frequencies and

Odds Ratios for Alternative Orange Juice Products

Choice Category

Nonconsumption of

Orange Juice FCOJ © RTS0J FCOJ-RTSOJ

b

Freq.a‘ Odds Freq. 0dds Freq. 0dds Freq.

Odds

n.
a Monthly average househo1d choice frequency, f. -—l-, where ns

number of households selecting category i. zni

b 0dds of the choice relative to the choice of nonconsumption of

orange juice based on monthly frequency averages.

SFor December- 1977 through August 1986. .

is the




Appendix A

Ordinary Least Squares Estimates for the Log Odds of Purchasing FCOJ,
RTSOJ, and Both FCOJ and RTSOJ, Relative to Nonconsumption of Orange
- Juice, December 1977 to August 1986

 Independent, - ___Dependent Variable?
Variable ‘ FCOJ.. RTSQJ - FCOJ-RTS0J

Constant z;ozsca -13.024 -13.985
(3.502) (3.716) . (6.259)

Summer -.081 . -.028 -.094
(.017) (.014) (.029)

Income -.249 1.191 1.241
(.274) (.304) (.488)

FCOJ Price -1.180 .050 -.314
| (.232) - (.196) (.390)

RTSOJ Price 1.318 = -.707 -.566
(.229) (.229) (.396)

Lag .421 ‘ .574 .262
(.074) (.073) (.095)

R .73 | .92 . .61

Durbin h Statistics .72 .86

2 Feog, RTSOJ, and FCOJ-RTSOJ are the Togarithms of the odds of
- purchasing only FCOJ, only RTSOJ, and both FCOJ and RTSOJ relative
. to nonconsumption. of orange juice, respectively.

b Summer = 1 for ﬁay through August, zero otherwise.

. . Income = Togarithm: of deflated per capita income..

- FCOJ Price = Togarithm of the deflated price of FCOJ.
- RTSQJ. Price = Togarithm of the deflated price of RTSOJ.
- Lag = the Tagged dependent variable..

. C coefficient estimate.

d Standar;d‘ error estimate..




Appendix B

MuTtinomial Logit Estimates for the Log 0Odds of Purchasing FCOJ,
RTSOJ, and both FCOJ and RTSOJ, Relative to Nonconsumption of Orange
Juice, Based on the Traditional Model, December 1977 to August 1986

Indépendentb, , _ Dependent Variable?
Variable ~ FCOJ . RTSOJ FCOJ=-RTSOJ

Constant .603% 4 -11.784 -13.400
(1.396,3.494)% (2.123,3.626) (2.982,6.257)

Summer -.078 -.025 : -.102
(.007,.017) (.008,.014) (.014,.029)

Income -.129 1.062 1.192
(.109,.273) .172,.294) (.231,.487)

FCOJ Price -1.1396 .072 -.394
(.092,.230) . .110,.195) (.179,.391)

RTSOJ Price 1.313 -. -.616 -.449
(.091,.225) .129,.222) (.185,.392)

Lag ' .464 .627 .307
(7028,.068) .041,.067) (.045,.087)

a FCOJ, RTSOJ, and FCOJ-KTSOJ are the logarithms of the odds of
purchasing only FCOJ, only RTSOJ, and both FCOJ and RTSOJ relative
to noncqnsumption of orange juice, respectively.

b Summer = 1 for May through August, zero otherwise.
Income = Togarithm of deflated per capita income.
.FCOJ Price = logarithm of the defTated price of FCOJ.
RTSOJ Price = logarithm of the deflated price of RTSOJ.
Lag = the lagged dependent variable..

o Coéfficﬁent,estimate; |

dﬁksymptotiC*standardVefror estimate: first entry is based on the
“traditional model error structure; second entry is based on the
Parks model error structure (for discussion, see Parks).
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