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Introduction

Supermarket shelves are saturated with numerous varieties and brands of juice beverages. This
high level of assortment has dramatically changed beverage consumption patterns and trends
throughout the United States.  In fact, during 2004-2005, energy and sport drinks experienced
significant increases in sales, 65.9% and 20.6 %, respectively. During the same period of time,
refrigerated juice sales increased a mere 2.2%, shelved non-fruit drinks decreased 0.9%, bottled
juices and cocktails both decreased 1.5 % and frozen juice decreased by 12.8% (Food Industry
Review  2006).  The beverage industry has undergone many transformations, but consumer
theory states that a shift in demand for one good has to be compensated by a shift in the opposite
directions in the demand for the other good. Thus, with more brands competing for consumers’
dollars, it is important for brand managers, retailers, and other industry officials to understand
demand interrelationships among various beverages.  This study examines the competitiveness
and structure of the beverage industry.  Existing research suggests the demand for fruit bevera-
ges is independent from other food and non-food groups (Heien 1982; Lee 1984); therefore, in-
formation pertaining to other goods can be omitted without compromising the validity of the
study.  Our study will allow us to better understand how consumers make decisions concerning
purchases patterns of beverage expenditures. 
To accomplish our goal separability tests are conducted among refrigerated and shelved bever-
ages and orange juice and fruit drinks. Compensated price effects and income elasticities are
also calculated to identify the degree of substitutability between brands.  Various studies have
evaluated the relationship among types of fruit juice beverages, (Brown 1993; Brown and Lee
2002; Lee, Brown, and Seale 1992), but these studies assume separability rather than empirical-
ly testing within the beverage category. This study will contribute to the existing body of lite-
rature by providing information on consumers’ behavior regarding their beverage purchases and
the structure of this beverage industry, which is the second largest component of the food and
beverage manufacturing industry (ERS 2005; Lee 1984; Brown, Lee and Seale 1994).  This stu-
dy will have multiple marketing implications which can be utilized to better understand and po-
sition juice products.  Considering the many transformations that have occurred in the beverage
industry, it is expected that major competitors of orange juice are no longer limited to other bre-
akfast juices, but also sports drinks and single serve juices.  

Model and Estimation Methods

The constrained utility maximization problem assumes that given a fixed amount of income to
spend, an individual will buy those quantities that exhaust total income.  The differential de-
mand model, developed by Barten (1964) and Theil (1965, 1980) is based not on a particular
utility function but, more generally, on a first-order approximation to the demand functions
themselves.  This model is most often used in agricultural economics to test consumption theory
(Lee 1984; Brown, Lee and Seale 1994; Lee, Brown and Seale 1992). The Rotterdam model is
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derived from the maximization of a general utility function or total differentiation of a general
demand function.  This model directly incorporates advertising in the demand function, making
it possible to estimate the effect of promotions on demand.  The model can be written as

(1)             

where  represents the average expenditure share for good brand i with subs

cript t  standing for time; is the log change in the consumption level for brand

 i; is the marginal propensity to consume; is the Divisia vo

lume index;   is the compensated price effect and 
 
is the Slutsky coefficient,

 with , and represents  the log change in the price of brand i.

The general restrictions of demand theory can be directly applied to the parameters of the Rot-

terdam model, specifically,

(2)      Adding up:   ;

(3)      Homogeneity:   ; and

(4)      Symmetry:        .

[ The demand elasticities can be calculated using the parameters of the Rotterdam model in

equation (1) as:

(5)      compensated price:   

(6)       income:                          .

When empirically estimating demand systems, one equation must be omitted to prevent singu-
larity of the variance-covariance matrix of the disturbance terms. The demand parameters of the
omitted equation are ultimately recovered.

Separability

The test for block dependence proposed in this study is based on the result found by Glodman
and Uzawa (1964).  The necessary and sufficient condition for weak separability is that the off-
diagonal term in the Slutsky substitution matrix is proportional to the income derivatives of the
two separable goods.
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(7)                            
  

all  and all where sik is the appropriate element in the Slutsky substitution matrix and

 is the factor of proportionality between groups g and h. Multiplying both sides of (7)

 one obtains 

(8)                                   .
Block dependence is a special case of weak separability.  Under conditions (3.31) the change of

marginal utility of a dollar spent on the ith good caused by an extra dollar spent on the

jth good which belongs to a different groups equals . This effect is independent of goods

i and j, which implies the result is the same for all pairs of commodities in the selected groups.

Thus if orange juice and fruit juice are weakly separable groups, an extra dollar spent on either

Brand A or Brand B orange juice has the same effect on the marginal utility as a dollar spent on

any brand in the fruit juice category. Therefore, utility interaction of two products in different

groups is dependent of groups rather than individuals goods (Theil, 1980).

Proposed utility trees are shown in Figure 1.  The first utility tree is partitioned based upon the
form of the juice (i.e. refrigerated and shelved).  The second utility tree is also partitioned by
form and then the type. In the final utility tree beverages are partitioned solely by type.

Data 

The data used in this study is from ACNeilsen aggregated scanner data on orange juice, fruit
juice blends, and fruit drinks sold in major U.S. retail accounts with annual sales of $2 million
or more. Weekly data covered the period of July 7, 2004 through December 30, 2006 were stu-
died.  The data were 52nd differenced to account for seasonality (for the 52 weeks in the year).
The dataset contains unit sales and sales dollars for all brands of refrigerated and shelved orange
juice, grapefruit juice, and fruit drinks sold during the 122 week study period.  For simplifica-
tion purposes, brands controlling less than five percent of market share in their respective cate-
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gory were not included in the study.  The categories used in this analysis are refrigerated orange
juice (OJR) which consists of 3 brands, shelved orange juice (OJS) which consist of 3 brands,
refrigerated fruit juice (FJR) which consists of 5 brands and shelved fruit drinks (FDS) consi-
sting of 5 brands.  The average prices are derived by dividing total sales by total units.  Specific
brands included in the Rotterdam model and descriptive statistics are included in Table 1.

Empirical Results

The maximum likelihood method used to estimate the Durbin Waston statistic associated with
demand equations estimated in equation (1) detected positive autocorrelation. This problem is
common when time series data are utilized.  The Cochran-Orcutt iterative procedure was used
to correct for first order autocorrelation, 

 (9)

where ñ is known as the coefficient of autocovariance.  This model also imposes the homogenei-
ty and symmetry restrictions.

Econometric estimates associated with the autoregressive model are shown in Table 2. The mar-
ginal expenditure shares ( ) for all beverage brands are positive and significantly different
from zero. Additionally, the all but two own compensated price effects are negative and signi-
ficant from zero.  Two brands in the shelved orange juice categories, Minute Maid and Tropi-
cana, were not negative, nut were also not significant.  These two brands also possess less than
one percent of the beverage market share sampled.  Econometric estimates associated with the
autoregressive model are shown in Table 1. The own price elasticities for the significant brands
are in the elastic range, ranging from -1.10 (Gatorade) to -3.21 (Sunny Delight (FDS)) (Table
2). The income elasticities vary from 0.061(Private (OJR)) to 2.118 (Kool Aid (FDS)), sugge-
sting consumers perceive some beverages as necessities and others as luxury goods.    Sixty-
seven percent of the compensated cross price coefficients are statistically significant.  Of those
significant, 84 percent were positive suggesting that these products are substitutes and the
remaining 12 cross price elasticities significant but negative.

w p q (units )

P riva te 0.144 1.90 451,307
Minute  Maid 0.138 2.82 305,551
Tro picana 0.195 3.15 381,030
P riva te 0.005 1.71 20,086
Welchs 0.022 2.08 67,449
SunnyD 0.015 2.02 54,162
Minute  Maid 0.042 1.72 169,516
Tro picana 0.013 2.68 28,872
P riva te 0.041 1.84 134,947
Minute  Maid 0.004 2.68 10,233
Tro picana 0.002 3.83 3,722
Sunny D 0.025 1.75 117,581
Capri Sun 0.070 1.95 209,710
Ko o l Aid 0.036 1.30 158,947
Gato rade 0.199 2.03 728,563

P o werade 0.049 1.35 233,007

Ta ble  1: A v e ra g e  Expe nditure  S ha re  (w) , A v e ra g e  P ric e  
(p) , a nd Qua nt ity S o ld  (q)

( )( ) ( )( )1,11, loglog(log)(log)(log)(log −−− −+−+= ∑ tjj
j
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�i Private
Minute 
Maid Tro p icana Private Welchs SunnyD

Minute 
Maid Trop icana Private

Minute 
Maid Tro p icana Sunny D Capri Sun Koo l Aid Gato rad e Powerad e

P riva te
0.0839*    
(0.0137)

-0.2154* 
(0.0101)

0.0643* 
(0.0069

)

0.0548* 
(0.0069)

-0.0055** 
(0.0022)

0.0011 
(0.0026)

0.0038 
(0.0033)

0.0143*  
(0.0026)

0.0060* 
(0.0020)

0.0157* 
(0.0066)

-0.0059* 
(0.002)

0.0013 
(0.0011)

0.0076 
(0.0051)

0.0069 
(0.0073)

0.0077*** 
(0.0040)

0.0393* 
(0.0073)

0.0041 *  
(0.0048)

Minute  Maid
0.0778*    
(0.0239)

-0.2361* 
(0.0117)

0.0134* 
(0.0020)

0.0032* 
(0.0006)

0.0071*  
(0.0020)

0.0055 
(0.0047)

0.0066** 
(0.0027)

0.0021 
(0.0008)

0.0153* 
(0.0021)

0.0009*** 
(0.0005)

0.00003 
(0.0009)

0.0247* 
(0.0051)

0.0301* 
(0.0092)

0.0183* 
(0.0045)

0.0222*** 
(0.0120)

0.0223 
(0.0070)

Tro picana
0.1449*    

(0.0265)
-0.285* 
(0.0134)

0.0031* 
(0.0009)

0.0061* 
(0.0010)

0.0097* 
(0.0022)

0.0231* 
(0.0026)

-0.0057* 
(0.0015)

0.00523 
(0.0026)

0.0009 
(0.0008)

-0.0022** 
(0.0009)

0.0074 
(0.00530

0.0590* 
(0.0092)

0.0271* 
(0.0045)

0.0606* 
(0.0132)

0.0223 
(0.0055)

P riva te
0.0032*  
(0.0009)

-0.0069* 
(0.0012)

0.0006 
(0.0008)

-0.0031** 
(0.0013)

-0.0015** 
(0.0007)

-0.0015*** 
(0.0009)

0.0033*** 
(0.0019)

0.0026* 
(0.0008)

0.0003 
(0.0004)

0.0045* 
(0.0016)

0.0015** 
(0.0007)

-0.0016*** 
(0.0009)

0.0015 * 
(0.0005)

-0.0006 
(0.0007)

Welchs
0.0180*    

(0.0033)
-0.0502* 
(0.0029)

0.0039 
(0.0024)

0.0089* 
(0.0022)

0.0014 
(0.0012)

0.0088* 
(0.0020)

-0.0021* 
(0.0008)

-0.0007 
(0.001)

-0.0056* 
(0.0017)

0.0034 
(0.0023)

-0.0025 
(0.0028)

0.0104* 
(0.0018)

0.0095* 
(0.0023)

SunnyD
0.0193*    

(0.0035)
-0.0348* 
(0.033)

0.0001 
(0.0016)

-0.0008 
(0.0015)

0.0061** 
(0.0030)

-0.0010 
(0.00120

-0.0008 
(0.0009)

-0.0011 
(0.0039)

0.0050* 
(0.0021)

-0.0062 
*(0.0021)

0.0092* 
(0.0019) 

0.0045** 
(0.0020)

Minute  Maid
0.046*     

(0.0042)
-0.1013* 
(0.0038)

0.0013 
(0.0010)

0.0032*** 
(0.0018) 

-0.0014** 
(0.0007)

0.0015 
(0.0010)

0.00601* 
(0.0023)

0.0099* 
(0.0029)

-0.0004 
(0.0032)

0.0182* 
(0.0023)

0.0144* 
(0.0031)

Tro picana
0.0090*    
(0.0016)

-0.0167* 
(0.0014)

-0.0013 
(0.0019)

-0.0004 
(0.0008)

0.0013** 
(0.0006) 

0.0025 
(0.0018)

0.0034* 
(0.0010)

0.0040* 
(0.0013)

0.0035* 
(0.0009)

0.0009 
(0.0010)

P riva te
0.0286*    
(0.0041)

-0.0817* 
(0.0062)

0.0045** 
(0.0019)

-0.0008 
(0.0009)

-0.0004 
(0.0036)

0.0061* 
(0.0024)

0.0047** 
(0.0023)

0.0115* 
(0.0022)

-0.0002 
(0.0019)

Minute  Maid
0.0009    

(0.0008)
0.0040* 
(0.0011)

0.0001 
(0.0004)

0.0011 
(0.0014)

0.0012** 
(0.0006)

-0.0036* 
(0.0009)

0.00003 
(0.0004)

-0.0011*** 
(0.0006)

Tro picana
0.0008    

(0.0009)
0.0022* 
(0.0007)

0.0013 
(0.0011)

-0.0017 
(0.0011)

0.0030** 
(0.0012)

-0.0046 
(0.0030)

-0.0001 
(0.0010)

Sunny D
0.0180*** 
(0.0103)

-0.0809* 
(0.0058)

0.0057 
(0.0051)

0.0179* 
(0.0034)

0.0052 
(0.0056)

0.0040 
(0.0040)

CapriSun
0.0707*    
(0.0173)

-0.1773* 
(0.0127)

0.0146* 
(0.0055)

0.0157 * 
(0.0091)

0.0165* 
(0.0061)

Ko o l Aid
0.0466*    
(0.0078)

-0.0993* 
(0.0058)

0.0115* 
(0.0041)

0.0048 
(0.0040)

Gato rade
0.4019*    

(0.0367)
-0.2213* 
(0.0208)

0.0171* 
(0.0055)

P o werade
0.06133*  
(0.0092)

-0.1184* 
(0.0078)

Rho  0.8733* (0.0161); *,(**),*** indica te s  s ignificance  a t 1%., 5%, and 10%.

Table 2: Parameter Estimates for the Auto Regressive Rotterdam Model (9)
OJ R FJ R OJ S FDS

�i P riva te
Minute  
Maid Tro picana P riva te Welchs SunnyD

Minute  
Maid Tro picana P riva te

Minute  
Ma id Tro picana Sunny D Capri Sun Ko o l Aid Gato rade P o werade

P riva te 0.621 -1.497 0.447 0.381 -0.038 0.008 0.026 0.099 0.042 0.109 -0.041 0.009 0.053 0.048 0.054 0.273 0.028

Minute  Ma id 0.565 -1.713 0.097 0.023 0.052 0.040 0.048 0.015 0.111 0.007 -0.008 0.179 0.218 0.133 0.161 0.162

Tro picana 0.744 -1.463 0.016 0.031 0.050 0.119 -0.029 0.027 0.005 -0.011 0.038 0.303 0.139 0.311 0.114

P riva te 0.621 -1.339 0.116 -0.602 -0.291 -0.291 0.641 0.505 0.058 0.873 0.291 -0.311 0.291 -0.116

Welchs 0.826 -2.304 0.179 0.408 0.064 0.404 -0.096 -0.032 -0.257 0.156 -0.115 0.477 0.436

SunnyD 1.271 -1.597 0.005 -0.037 0.280 -0.046 -0.037 -0.046 0.229 -0.285 0.422 0.207

Minute  Ma id 1.087 -2.394 0.031 0.076 -0.033 0.035 0.144 0.234 -0.009 0.430 0.340

Tro picana 0.699 -1.298 -0.101 -0.031 0.101 0.194 0.264 0.311 0.272 0.070

P riva te 0.689 -1.969 0.108 -0.019 -0.010 0.147 0.113 0.277 -0.005

Minute  Ma id 0.217 0.963 0.024 0.265 0.289 -0.866 0.008 -0.265

Tro picana 0.486 1.337 0.790 -1.033 1.823 -2.795 -0.061

Sunny D 0.713 -3.207 0.226 0.709 0.206 0.159

Capri Sun 1.016 -2.547 0.210 0.226 0.237

Ko o l Aid 2.118 -2.746 0.318 0.133

Ga to rade 2.016 -1.110 0.086

P o werade 1.263 -2.439

Table 3: Income and Compensated Price Elasticities

εij

OJ R F D R OJ S F D S
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The Wald Test was used to test for separability within the beverage category and results from
the separability tests are exhibited in Table 4.  Eight partitions were examined and in all but two
of the scenarios block dependence is rejected.  The results from the separability test indicate the
consumers that shop at this national supermarket do not select beverages based on form or type. 

Concluding Remarks

The Rotterdam model developed by Theil and Barten was used to estimate the demand interre-
lationships among brands of refrigerated and shelved orange juice, fruit juice, and fruit drinks.
Additionally, this study empirically tested for block dependence amongst the beverage catego-
ries in an effort to understand the structure of the beverage industry.  This disaggregated model
also provides a more detailed understanding of the demand for beverages. This study rejects the
hypothesis of block dependence; specifically, (1) refrigerated juices are not separable from shel-
ved and (2) orange juice is not separable from fruit juice and drinks. Since block dependence is
rejected, it is not plausible to believe that block independence, a stronger hypothesis will hold.
Thus, when analyzing the demand for beverages, brand managers should not focus solely other
breakfast juices or other isotonics, but one must focus on all beverages simultaneously.  Com-
pensated price elasticities indicate that orange juices, fruit juices, and fruit drinks are substitutes.
Since separability among selected fruit juice categories is rejected, future research should test
separability of fruit juice, water, and carbonated drinks to fully understand the beverage indu-
stry.
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