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OJ Demand Estimates By Region

Summary:

OJ gallons sales for the last 52 weeks (week ending 10/30/99) are down 3.1%, compared to the
previous 52 week period, due to higher OJ prices. Based on demand estimates of this study, U.S.
OJ gallons sales would have been 1.6% higher than the previous 52 week sales volume, if OJ prices
had not increased. Estimates of OJ demand, by region, indicate that the growth in OJ gallon sales
in some cities, prices constant, is as high as 9%. These demand growth estimates, with prices
constant, reflect the aggregate impact of advertising, population, income and other non-price
variables. Advertising is expected to be an important factor underlying the growth rate estimates of
this study, based on previous research. This report also examines per capita gallon sales by city and
the impact of income on OJ demand.

Note:

After this research was largely complete, data on OJ advertising was received. These data were
incorporated into the demand analysis (OJ gallons were regressed on advertising, OJ and GJ prices
and a time trend). The results support the initial analysis that follows. At the end of this report,

specific results on advertising are presented.

Products, Regions and Time Period:

The OJ demand for three product forms---NFC, RECON and FCOJ---and 52 regions (50 cities,
remaining U.S. and total U.S.) was studied. ACNielsen data for the last 124 weeks (week ending

6/21/97 through week ending 10/30/99) were used.



Demand Relationships:

Gallon sales for each product form was modeled as a function of prices and a time trend, by region.
Income was not included in this analysis as a time series on this variable by region was not available.
However, in a separate analysis of OJ demand by region but not over time, the impact of income on
demand was examined. Also, data on income over time for the entire U.S. was related to QJ
demand.

Prices:

The prices of NFC-OJ, RECON-0OJ and FCQOJ, along with the price of GJ, were included in the
model.

Population and Income Approximated by Time:

Population and income were not included in the analysis of the regional and weekly data as
observations on these variables were not available---population and income were available by city,
but not by week. To the extent population and income tended to smoothly increase over this period
by region, as in the case for the entire U.S., the trend variable included in the model would be
expected to capture the effects of these variables.

Advertising:

The trend variable was also assumed to capture the impact of advertising. Advertising has both
present and lagged effects, and separatiﬁg these effects from the time trend over such a relatively

short period as studied is problematic.
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Seasonality:
Seasonality was accounted for by 52 differencing the data---comparing a week in one year with the
same week in the previous year.
Formal Demand Relationship:
Weekly demand for some city, for some product form can be written as
1) log (q) = B, + B, (time) + B, log (NFC Price) + B, log (RECON Price)
Fead

+B, log (RI;QGN Price) + Bs log (GJ Price)

or, in 52 differences,

(2) dlog(q) =", + B, dlog (NFC Price) + ; dlog (RECON Price)
' Fcoo
+B, dlog (Rf,GO‘N Price) + B dlog (GJ Price)

where q is gallon sales; B, =B, x 52; [, through B ; are price elasticities.; and dlog z = log(z,) -
log(z,s,) for general variable z, where the subscript t stands for time (week). The term dlog z is a
measure of the percentage change in variable z, with z standing for q and the four price variables.
Hence, the price elasticities f3 , through p; indicate the percentage change in demand for a one
percent change in the price in question. Likewise, the parameter B, is the underlying annual growth
rate, indicating the percentage change in demand over time when all prices are constant. A main

objective of this is to estimate the growth rate.

Regression Results:

156 equations were estimated---52 regions (50 cities, the remaining U.S. and the aggregate U.S.)
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times three product forms (NFC, RECON and FCOJ). Most of the R-squares were in the .40 to .70
range with the highest being .91 and the lowest being .16. Five coefficients (NFC, RECON, FCOJ
and GJ price coefficients and the trend coefficient) were estimated per equation for a total of 780
coefficient estimates. About 60 percent of these coefficient estimates were statistically different than
zero at the 10 % level of significance. All own-price coefficients were statistically significant.
Demand Growth (Prices Constant) Versus Actual Changes in Demand (Price Up):

Exhibit 1a shows actual percentage changes in demand and estimates of the growth in demand with
prices constant, by city, ranked by the actual percentage change in demand. The estimated demand
growth rates reflect the effects of advertising, population, income and other variables not captured
by the price variables of the model. Exhibit 1b is the same as 1a except the ranking is now by the
estimated demand growth rate. Note that for each region the actual percentage change in OJ demand
(NFC+RECON+FCOQYJ) is lower than the estimated demand growth rate. This result occurred
because prices were up, stifling demand. The price increases are shown in Exhibits 2a and 2b.
Estimated own-price elasticities are also shown in these exhibits.

Price Elasticity Estimates:

The estimates of equation (1), which underlie the results in Exhibits 1a and 1b are shown in Exhibits
3 through 5. These exhibits again show the growth rates and own-price elasticities. Additionally,
these exhibits show the cross-price elasticities. Note that all the own-price elasticities are negative
(the law of demand---as price goes up quantity demanded goes down) and most cross- prices
elasticities are positive, indicating substitution between OJ product forms, as well as GJ (as the
substitute price goes up the demand for the product in question goes up).

Price Substitution Effects:
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For example, for NFC demand in Albany, the price elasticities for the NFC, RECON and FCOJ
prices were -1.16, .32 and.39, respectively; the corresponding percentage changes in prices for
NFC, RECON and FCOJ were 8.8%, 5.8% and 7.1% (Exhibits 1b or 2b). Hence the predicted
percentage change in NFC demand in Albany due to these price changes would be -1.16 x 8.8% +
32x5.8% +.39x 7.1% = - %5.6.

Demand for the U.S.:

It should be noted that the demand results for the total U.S. are generally like the results for the
different cities---elasticities are roughly similar and higher prices have stifled demand whether one
focuses on the cities or the total U.S. results.

Per Capita Gallon Sales:

Per capita gallon sales for the different product categories, by city are shown in Exhibits 6a and 6b.
Exhibit 6a (6b) ranks the cities by per capita total OJ gallons sales (per capita NFC-OJ gallons sales).
Per Capita OJ Sales Related to Prices and Income:

Table 6¢ and 6d show per capita data by four regions---Northeast, South, Midwest and West. These
data show that per capita NFC gallon sales are highest in the Northeast because, in part, NFC prices
are lowest and per capita income is highest there. In contrast, per capita FCOJ gallon sales are
highest in the West because, in part, FCOJ prices are lowest and per capita income is lowest there.
Per capita NFC, RECON and FCOJ demand relationships, estimated from the city data in Table éc,
are show in Table 7. These data show that per capita income had a positive, significant effect on
NFC demand, a negative, significant effect on FCOJ, and an insignificant effect on RECON demand.
Income:

The results in Table 7 are based on city data for the last 52 week period (51 observations: an
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observation on each of the 50 cities and an observation on the remaining U.S.). The impact of
income on OJ demand was also analyzed using data for the last decade for the U.S. by week. The
results for this analysis are shown in Exhibit 8§ and 9. Exhibit 8 shows real per capita income
changes for the total U.S.; while Exhibit 9 shows income elasticity estimates for U.S. OJ demand,
and impacts of income on demand. These tables indicate that income has been increasing in recent
years which has positively affected NFC demand but negatively affected FCOJ demand; the impact
on RECON is negative but relatively small and statistically insignificant. These results support
ACNielsen panel data showing a positive relationship between different household income levels
and corresponding OJ consumption levels.

Income Impact Implied From Panel Data:

It should be noted that implied impacts of income (or any other variable) on OJ demand, based on
the panel data, may be in error. These impacts are based on mean OJ volumes for different income
categories. Such means may not reveal the true relationship between income and OJ volume sales.

For example, assume the following data by age and income.

Number of Households OJ Volume Sales
Age Income Group Income Group
Group Low High Total Low High Avg
Young 90 10 100 10.0 9.0 9.9
Old 10 90 100 20.0 18.0 18.2
Total/Avg 100 100 200 11.0 17.1

These data show that on (weighted) average OJ volume sales increase with income which is just the

opposite of the actual income effect which varies with age. The increase in average OJ sales by
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income group is due to the increase in OJ sales due to age and the distribution of households across
the age-income groups, i.e., in this example, age is driving sales, not income. Such confounding

of effects may occur with other partitions of the data with respect to other demographic variables.

Adpvertising Results:

After this research was largely complete, data on OJ advertising was received. These data were
incorporated into the demand analysis. OJ gallons were regressed on advertising, OJ and GJ prices
and a time trend, by city, by OJ product form. For many of the cities and product forms, the
regression results did not support the expected positive relationship between OJ gallon sales and
advertising---for these regressions, no relationship or a negative relationship between sales and
advertising was estimated. See Table 10 which summarizes the gallon sales and advertising data,
and estimated advertising elasticities.

However, the percentage change in advertising (for the most recent 52 week for which advertising
data were available), by city, was positively correlated with the estimated demand growth rates
(reported above), by product form (Table 11). That is, these results support the conjecture that the

previously discussed demand growth are in part due to advertising.
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Exhibit 3. Estimated NFC-OJ Demand Elasticties and Growth Rates (a).

NFC DEMAND
ANNUAL
ciTY GROWTH Price Elasticity
RATE NFC Price  RECON Price FCOJ Price GJ Price
ALBANY 0.19 -1.16 0.32 0.39 -0.25
ATLANTA 0.23 -1.69 0.13 -0.15 0.24
BALTIMORE 0.17 -1.38 0.27 0.51 -0.27
BIRMINGHAM 0.07 -1.57 0.41 0.36 0.90
BOSTON 0.12 -1.85 0.41 0.83 0.21
BUFFALO/ROCHES 0.07 -1.75 1.01 0.18 -0.15
CHARLOTTE 0.26 -1.71 0.71 -0.08 0.45
CHICAGO 0.23 -1.53 0.46 0.23 -0.05
CINCINNATI 0.18 -1.51 0.52 0.05 0.19
CLEVELAND 0.22 -1.64 0.26 -0.04 -0.36
COLUMBUS 0.18 -1.71 0.31 0.21 0.28
DALLAS 0.16 -1.01 0.16 0.25 0.06
DENVER 0.10 -1.93 0.78 -0.04 0.1
DES MOINES 0.13 -1.42 0.42 -0.23 0.90
DETROIT 0.21 -2.36 0.26 0.48 0.10
GRAND RAPIDS 0.28 -2.43 0.26 0.31 -0.06
HARTFORD/NEW H 0.20 -1.93 0.25 0.77 -0.08
HOUSTON 0.19 -1.61 0.41 0.16 0.66
INDIANAPOLIS c.19 -1.53 0.00 -0.16 0.80
JACKSONVILLE 0.17 -1.16 0.36 -0.20 0.03
KANSAS 0.31 -2.43 0.18 -0.03 1.20
LITTLE ROCK 0.17 -1.79 0.55 0.02 0.19
LOS ANGELES -0.03 -1.51 0.51 -0.09 0.91
LOUISVILLE 0.26 -1.75 0.28 0.02 -0.07
MEMPHLS 0.18 -1.63 0.04 0.13 0.19
MIAMI 0.15. -1.54 0.28 0.26 0.61
MILWAUKEE 0.22 -2.23 0.70 0.35 0.00
MINNEAPOLIS 0.23 -1.97 0.43 0.27 0.27
NASHVILLE 0.10 -1.28 0.31 0.09 -0.29
NEW ORLEANS/MO 0.23 -0.83 -0.32 -0.18 0.04
NEW YORK 0.12 -0.99 0.33 0.22 -0.04
OKLAHOMA CITY 0.29 -2.12 0.27 0.03 0.20
OMAHA 0.30 -2.48 0.61 -0.04 1.00
ORLANDO 0.07 -1.25 0.51 0.29 0.1
PHILADELPHIA 0.14 -1.00 0.33 -0.09 0.03
PHOENIX 0.22 -1.72 0.39 0.03 0.81
PITTSBURGH 0.32 -1.59 0.29 0.06 0.14
PORTLAND 0.27 -1.39 0.16 0.06 0.14
RALEIGH/DURHAM 0.25 -1.30 0.65 0.05 0.18
RICHMOND/NORFO 0.19 -1.37 1.12 0.1 0.44
SACRAMENTO 0.23 -1.36 0.33 0.40 -0.05
ST. LOUIS 0.16 -2.40 0.88 0.62 0.53
SALT LAKE CITY 0.36 -2.58 -0.04 0.07 0.14
SAN ANTONIO 0.15 -1.06 0.51 0.25 0.60
SAN DIEGO 0.13 -1.38 0.61 -0.14 0.27
SAN FRANCISCO 0.12 -1.50 0.61 0.08 0.37
SEATTLE 0.23 -1.15 0.00 -0.01 0.65
SYRACUSE 0.19 -1.33 0.23 0.14 -0.55
TAMPA 0.13 -1.39 0.36 0.15 0.28
WASHINGTON D.C 0.19 -1.61 0.27 0.26 -0.13
REMAINING U.S. 0.13 -1.63 0.54 0.38 -0.08
WT. AVG. (by gallons 0.15 -1.46 0.40 0.22 0.1
U.S. (by regression) 0.12 -1.36 0.63 0.25 0.09

(a) Estimated Annual % Change in NFC Gallons= Annual Growth Rate + % Change in NFC Price x NFC Price Elast
+ % Change in RECON Price x RECON Price Elastcicty+% Change in FCOJ Price x FCQJ Price Elastcity
+ % Change in GJ Price x GJ Price Elastcicty.



Exhibit 4. Estimated RECON-OJ Demand Elasticties and Growth Rates (a).

RECON DEMAND-

ANNUAL
CiTY GROWTH Price Elasticity
RATE NFC Price  RECON Price FCOJ Price GJ Price
ALBANY -0.04 0.88 -1.71 0.13 -0.28
ATLANTA -0.01 0.33 -1.12 0.30 0.18
BALTIMORE -0.03 1.46 -1.55 -0.20 0.28
BIRMINGHAM -0.03 0.66 -1.23 -0.02 0.41
BOSTON -0.13 0.94 -1.55 0.58 0.16
BUFFALO/ROCHES 0.07 0.75 -2.01 0.33 0.19
CHARLOTTE -0.07 0.32 -1.46 0.69 0.31
CHICAGO 0.02 0.86 -1.65 0.35 -0.19
CINCINNATI 0.02 0.66 -1.03 -0.05 -0.01
CLEVELAND 0.01 0.35 -1.80 0.00 -0.03
COLUMBUS 0.04 0.53 -1.41 0.15 0.01
DALLAS 0.03 0.38 -1.04 0.15 -0.22
DENVER 0.05 0.95 -1.36 0.03 0.17
DES MOINES 0.06 0.27 -0.92 -0.07 0.19
DETROIT 0.06 0.60 -1.46 -0.15 0.12
GRAND RAPIDS 0.06 0.21 -1.50 -0.11 0.41
HARTFORD/NEW H 0.13 1.61 -1.47 -0.22 -0.54
HOUSTON 0.02 0.18 -1.29 0.12 0.03
INDIANAPOLIS 0.08 0.44 -1.15 -0.00 -0.34
JACKSONVILLE 0.03 0.55 -1.10 -0.62 0.01
KANSAS 0.10 0.30 -1.29 0.10 -0.16
LITTLE ROCK . 0.08 0.27 -1.11 0.27 -0.09
LOS ANGELES 0.05 0.57 -1.34 -0.01 -0.19
LOUISVILLE 0.01 0.65 -1.45 0.19 0.03
MEMPHIS 0.02 0.53 -1.33 0.18 -0.07
MIAMI -0.00 0.25 -0.82 0.03 047
MILWAUKEE 0.07 0.71 -1.71 0.21 -0.20
MINNEAPOLIS 0.07 0.54 -1.38 -0.19 0.26
NASHVILLE 0.01 0.14 -0.68 0.18 0.08
NEW ORLEANS/MO 0.02 1.03 -0.98 -0.30 -0.92
NEW YORK -0.20 2.15 -1.65 0.29 -0.26
OKLAHOMA CITY 0.07 0.13 -1.26 0.28 -0.07
OMAHA 0.11 0.55 -1.65 0.31 -0.20
ORLANDO 0.05 0.87 -1.43 -0.01 0.09
PHILADELPHIA -0.05 1.18 -1.74 0.57 -0.20
PHOENIX -0.00 0.94 -1.69 0.15 -0.75
PITTSBURGH -0.09 0.39 -1.57 0.12 0.08
PORTLAND 0.00 0.66 -1.47 -0.07 -0.25
RALEIGH/DURHAM -0.06 0.68 -1.09 0.04 0.23
RICHMOND/NORFO -0.01 1.04 -1.03 -0.28 -0.25
SACRAMENTO 0.05 0.41 -1.27 0.12 -0.28
ST. LOUIS 0.04 0.78 -1.64 -0.04 -0.44
SALT LAKE CITY -0.03 1.05 -1.47 -0.12 -0.06
SAN ANTONIO 0.03 0.19 -1.49 0.36 0.31
SAN DIEGO 0.04 0.44 -1.48 0.17 0.35
SAN FRANCISCO 0.06 0.38 -0.55 -0.50 -0.42
SEATTLE -0.01 0.30 -0.82 0.08 0.22
SYRACUSE 0.03 Q.37 -1.13 017 0.37
TAMPA -0.05 1.05 -0.85 -0.18 -0.27
WASHINGTON D.C -0.07 1.16 -1.37 -0.08 0.48
REMAINING U.S. -0.03 0.26 -1.02 0.43 -0.22
WT. AVG. (by galions -0.01 0.61 -1.26 0.16 -0.08
U.S. (by regression) -0.02 0.74 -1.11 0.11 -0.22

{a) Estimated Annual % Change in RECON Gallons= Annual Growth Rate + % Change in NFC Price x NFC Price Elastcicty
+ % Change in RECON Price x RECON Price Elastcicty+% Change in FCOJ Price x FCOJ Price Elastcity
+ % Change in GJ Price x GJ Price Elastcicty.



Exhibit 5. Estimated FCOJ Demand Elasticties and Growth Rates (a).
FCOJ DEMAND

ANNUAL
CITY GROWTH Price Elasticity
RATE NFC Price  RECON Price FCOJ Price GJ Price
ALBANY -0.13 0.55 0.13 -1.33 -0.32
ATLANTA -0.11 0.32 0.17 -1.19 0.10
BALTIMORE -0.13 -0.22 -0.25 -2.37 0.16
BIRMINGHAM -0.17 0.61 0.43 -0.67 0.54
BOSTON -0.16 -0.09 0.22 -0.40 0.27
BUFFALO/ROCHES -0.07 0.41 0.49 -1.98 -0.03
CHARLOTTE -0.10 0.26 0.50 -0.89 -0.26
CHICAGO -0.00 0.32 0.15 -1.58 -0.10
CINCINNATI -0.06 -0.13 0.44 -1.10 -0.30
CLEVELAND -0.00 0.39 0.14 -1.82 -0.32
COLUMBUS -0.06 0.44 0.30 -1.84 0.47
DALLAS -0.13 0.31 0.71 -1.28 -0.04
DENVER -0.03 0.23 0.13 -0.84 0.31
DES MOINES -0.10 0.56 0.41 -1.26 -0.81
DETROIT -0.14 0.34 0.47 -1.90 0.04
GRAND RAPIDS -0.08 0.26 0.27 -1.88 0.26
HARTFORD/NEW H -0.16 0.45 0.10 -2.04 -0.12
HOUSTON -0.15 0.13 0.65 -1.44 045
INDIANAPOLIS -0.07 -0.02 0.12 -1.65 0.99
JACKSONVILLE -0.18 0.25 0.16 .-0.54 0.01
KANSAS -0.03 0.21 0.81 -1.59 -0.83
LITTLE ROCK -0.05 0.22 0.21 -1.29 -0.26
LOS ANGELES -0.05 0.49 0.01 -1.10 0.04
LOUISVILLE -0.07 0.31 0.14 -1.16 0.06
MEMPHIS -0.03 0.39 0.08 -1.62 -0.03
MIAMI -0.13 0.05 -0.02 -0.80 0.71
MILWAUKEE -0.09 0.84 0.70 -1.81 -0.50
MINNEAPOLIS -0.04 0.26 0.23 -1.22 0.55
NASHVILLE -0.15 0.25 0.88 -1.06 -0.41
NEW ORLEANS/MO -0.09 0.12 -0.06 -1.11 -0.23
NEW YORK -0.13 0.48 0.10 -1.73 0.11
OKLAHOMA CITY -0.11 0.62 1.03 -1.91 0.05
OMAHA -0.15 0.43 0.40 -1.52 0.00
ORLANDO -0.19 0.28 0.24 -0.42 -0.01
PHILADELPHIA -0.14 0.20 -0.04 -1.68 0.39
PHOENIX -0.12 0.12 0.23 -1.44 0.29
PITTSBURGH -0.07 0.16 0.32 -1.63 0.24
PORTLAND -0.01 -0.09 -0.57 -1.34 0.67
RALEIGH/DURHAM -0.12 0.05 0.49 -0.84 -0.46
RICHMOND/NORFO -0.08 0.34 0.65 -1.49 0.15
SACRAMENTO -0.06 0.07 0.34 -1.19 0.19
ST. LOUIS -0.00 0.77 0.00 -2.24 -0.77
SALT LAKE CITY 0.04 0.32 -0.12 -1.70 -0.15
SAN ANTONIO -0.07 0.22 0.13 -0.95 0.05
SAN DIEGO -0.09 0.29 -0.16 -1.07 0.41
SAN FRANCISCO -0.13 -0.09 0.33 -0.80 0.41
SEATTLE -0.09 -0.10 0.31 -1.38 0.32
SYRACUSE -0.08 0.48 0.23 -1.78 -0.30
TAMPA -0.20 0.50 0.27 -0.58 0.02
WASHINGTON D.C -0.12 0.12 0.62 -2.1 -0.05
REMAINING U.S. -0.12 0.13 0.42 -0.96 -0.05
WT. AVG. (by gallons -0.09 0.21 0.29 -1.30 0.06
U.S. (by regression) -0.11 0.48 0.22 -1.14 0.05

(a) Estimated Annual % Change in RECON Gallons= Annual Growth Rate + % Change in NFC Price x NFC Price Elastcicty
+ % Change in RECON Price x RECON Price Elastcicty+% Change in FCOJ Price x FCOJ Price Elastcity
+ % Change in GJ Price x GJ Price Elastcicty.
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