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A BCONOMELRIC ANALYBIS
OF THi RuSPONSE OF MILK SALKS TO ADVERTISING
T SELECWED HEW YORK MARKEIS®

By

Stanley R. Thompson and Doyle A, Biler%#

For many years large expenditures have been made by lew York Stgte
dairy producers to advertise and promote the generic product mijk., -
In May, 1972 an expanded d¥ew York State Dairy Promotion Order = became
effective with a mendatory assessment g?te of five cents per hundredwelght
levied on milk produced in the state, = Accordingly, the expanded dairy
promotion program has generated substantially larger collections than the
earlier "voluntary" programs.

VWith the advent of the bDairy Promotion Order variocus types of milk
promotion activities were initiated or expanded. This paper specifically
focuses on the program area which has experienced the greatest funding in-
crease--media advertising, The purpose of this document is to provide rel-
evant information to be considered in evalusting the media advertising seg-
ment of the expanded sew York Utate Dairy Promotion Order. 1In this quest,
first, a description of the analytical model data and definition of vari-
ables is provided; next an analysis and interpretation of the empirical
findings is presented; and, finally, conclusions are stated with respect
to the findings.

# Presented at Dairy Promotion Advisory Board meeting, Syracuse, dew York,
Septerber 17, 19T4.

#% Stanley R. Thompson is a research specialist and Doyle A, kiler is as-
sistant professor of marketing, both of the Department of Agricultural
ficonomics, Cornell University.

=~ Por a brief history of dairy promotion in Wew York State gee (Aronson
et al. L. ]-"'3)-
2/

2/ Yhe enabling legislation for the expanded program was provided by (3).

3/

=/ Approximately 504 of the total assessment under the Dairy Promotion
Program is spent on direct media advertising.




METHODOLOGY

Distributed Lag Specifications

Distributed lag models are generally applicable when there ig a de- -
layed response in & specified dependent variable due to changes in the
values of one or more explanatory veriables. The response of milk sales
is characterized by & delayed response to the level of advertising expen-
ditures. ‘

The general distributed lag model can be written in a linear regres-
sion framework as;:

[+4]

B, = a+ i-‘fo BoA, g te st =120 (1)

where: = time period

t
8§ = dependent variable
A

exogenous variable

stochaatic residual (assumed homoscedastic)

©
H

o = unknown intercept parameter

B., B

o2 Pys Bpe.. Bre unknown parameters

In practice the inelusion of lagged variables in the model specifica-
+tion poses problems to the researcher Eéﬁ p. 293]. A maejor problem is the
determination of the length of the lag structure. In the absence of an
a priori theoretical structural relationship, an indication of the length
of the lag can be obtained from the date by consecutively fitting longer
lags and examining the significance of the coefficients aft each step.

Such a procedure however, can lead to either a degrees of freedom problen
and/or & multicollinearity problem among the various lagged explanatory
variables., In view of these difficulties, a priogi_restrictions regarding
the form of the B's are often imposed. The choice of the restriction
should provide a close spproximation to reality.

Perhaps the most convenient, and as a consequence most popular, re-
striction is the incorporation of & geometric constraint on the parameters.
The advantages and disadvantages of the geometric restriction have been
empiricelly explored (see, Thompson).

The polynomial lag structure is an alternative to the geometric model
that can be estinm 76& without many of the shortcomings inherent in the
geometric model. - As a consequence, the polynomial lag model is used
te examine the effect of advertising on milk sales.

L7 . ;

- Wnile the polynomial model has many advantages over the geometric model,
it also has its own estimation problems, However, the polynomial model
hes been shown to be a superior estimating technique. (Thompson)



Separate polynomial lag models were estimated using monthly sales and
advertising data ; om the New York City, Albany-Schenectady-Troy and :
Syracuse SMSBA's. = Monthly observations were available from January 1971
to March 197k this time series includes 16 months of data prior Tto the
expanded promotion effort.

The following polynomial lag model was estimated:

11 M i "
§ =oa+ ¥ B,L,. +*eI, +aP.+ ¥ 8 {z [1i 4 . ]} te
t 3=1 3] ke t =0 1=0 t - i t
where: t = 1,2,...39 (January 1971 to March 197h)
i=1,2,...8; 3= 1,2,...11
I = specified finite lag length
M = degree of polynomial
S = per capita SMSA daily milk sales in ounces adjusted for
the type of dayg/in the month {(i.e. number of Sundays,
Mondays, ete.) =
A = Deflated actual'p$y capita monthly advertising expendi-
tures in dollars -
7 = s matrix of eleven zero-one dummy seasonality variables
Z1 = 1 if January; O otherwise
22 = 1 if February; 0 otherwise
Zli = 1 if Hovember; 0 otherwise

I = Deflated (by CPI, 1967=100) per capita annual total per-
sonal income in dollars (Wew York State Department of
Commerce and New York State Department of Health)

P = Deflated (by CPI) retail price in dollars of whole fluid
milk in paper half gallons (New York Stabe Department of
Agriculture and Markets).

—

Ef GMSA .. Standard Metropolitan Statistical Area

é/ Milk sales data within each SMSA were obtained from the New York State
Department of Agriculbture and Markets. Sales data adjustments were
made according to procedures specified in (Schenkler, pp. 28-30).

I/ Per capita advertising figures were obtained by dividing actual adver-
tising expenditures in a market by the estimated population of that
market's media coverage area., These were then deflated by an index
of the cost of prime time spot televisionm (UDILA).




Seleation of Lag Structure

Iwo problems inherent in estimating a polwnomial lag model are the
selection of the length of the lag and the degree of polynomial., Model
specification was the same for each market with the exception of the length
of the advertising lag. The delsyed effects of advertising were empirically
explored in each market, using,an unconstrained model to obtain an indica-
tion of the true lag length. =~ g%ccordinglya subsequent constraints on
the lag structure were imposed. = Also a quadratic specification (2nd
degree polynomial) was found to be superior to other degree specificabions.

EMPIRICAL RESULTS

Explanatory Power of the Model

The relative importance of the various model components in their abil.
ity to exp%ain the variation in adj&a?ed per capita daily sales {(as indi-
cated by R™) is shown in Figure 1. ==/ Accordingly, in lew York City the
eleven seasonality variables explained 80 percent of the variability in
per capita daily sales. The addition of both per capita income and the
consumer price of milk boosted their collective explanatory power to 94,2
percent, With fhe further addition of the logged advertising expenditure
variables the R increased to 97.2 percent., The inclusicn of all the above
varizbles in the model leaves 2.8 percent of the varistion in the dependent
variable unexplained,

In the Albany and Syracuse markets the total explanatory power of their
regpective models was less Ehan the Few York City model. Also, as indicat-
ed by changes in adjusted R~ and the t ratios of the advertising coeffi-
cients, the increase in the explanatory power due to the addition of ad-
vertising was not statistically significant.

————

§/ Unconstrained as to the length of the lag structure,

9/

=~ The effect of advertising was constrained to be zerc at 6 months in
New York City, 5 months in Albany ard 4 months in Syracuse.

19/ R2 ig & statistical measure of the proportion of wvariation in the de-
pendent varisble (per capita dailg sales) associated with variaticn in
the independent variables. 0 < R™ < 1. '
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Discussion of HModel Variable Coefficients

¥

Seasonality:

In examining the estimated coefficients of the polynomial model in
Table 1, the eleven monthly zero-cne dummy variables index the seasonality
of milk sales relative to sales in December..the arbitrarily selected base
month, For example, the negative coefficients for the summer months in-
diecate that milk sales during this period are less than sales in December,
Specifically, the July per capita milk sales in New York City is .88 ounces
per day less than it would be in December ceteris paribus. The other month-
ly coefficients can be similarly interpreted.

Price and income, as measured in dollars, were deflated by CPL in order
to remove inflationary changes in prices and incomes that do not refiect
"real”™ costs or purchasing power.

Interpreting the price and income coefficients from the New York City
model (Table 1), reveals that & one dollar increase in real annual per
capita income would effectivaly increase per capita fluid milk sales in
Wew Yurk City by 0006 ocunce per day ceteris paribus. Similarly, & one
cent per half gallon increase in the real price of milk would be expected
to decrease per capitz milk salea in Wew York City by .03 ounce per day.
Anaslogous interpretation of the price znd income coefficients in Table 1
can be obtained for Albany and Syracuse,
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Advertising:

In Table 1 the estimated coelfficients of the advertising lag structure
(i.e. A .) portray the impact of milk advertising on sales over time.
In New ?ofleity, the effect of advertising occurs not only during the
month that the expenditure is made but its impact continuss. In fact,
the gregtest impact of advertising on sales does not oceur until two months
after the initial expenditure., The sum of the monthly advertising coeffi.
clents shows the total response or long-run effect of the advertising ex-
venditure.

The advertising data used in the estimation procedure were measured
in terms of monthly per capita dollar expenditures. Similar to the price
and income verisgbles the advertising figures were deflated to reflect
"real” media purchasing power. However, in this case a different defla-~

tion iEQ?x was used o remove the effect of increasing media costs over
tine, —

Interpretation of the long-rua effect of advertising in the New York
City model reveals that a 1/10 cent increase in current per capita monthly
advertising yieldf2? total increase in milk sales of 1.93 ounces per capita
ceteris paribus. ~— Similsr interpretations can be obtained from an ex-
amination of the coefficients for the Albany and Syracuse models in Table 1,

éi/ For example, prime time spot television in January 1974 cost approxi-

mately 1.3 times mere than in Januvary 1971.
ig/ Under the assumptions of: a) a one month inerease in advertising of
$.001, b) 1.34 is the approximate 1974 cost of media deflator, c)
86.2693 is the long-run advertising coefficient, d} 30 days per month.
Then: $.001/1.34 = ,000T46 real increase in advertising expenditure
(.0007h6) X (86.2693) = 064k real long-run per cepita daily
sales incresse
(.06k4) X (30) = 1.93 oz. total long-run per capita sales in-
crease




Effect on Sales of the Expanded Advertising and Promotion Program

As a result of the implementetion of the Dairy Promotion Order sub-
stantlal increases in the advertising expenditures were made, Whal is
desired is an objective measure of the effect of these increased expendi-
~tures on the sales of fluid milk,

Through the application of the estimated econometric models presented
in Table 1 it is possible to compare the actual sales during the period of
the expanded promotion to those that would have been expected to occur had
advertising expenditures remained at the pre-Ordér level.

Figures 2, 3 and 4 graphically depict the effect of the expanded
advertising program on sales in New York City, Albeny and Syracuse res-
pectively. The sclid line represents the actual per caplta daily sales
of fluid milk in each SMSA. The broken line provides an estimate of what
sales would have been during 1973~T4 had advertising expenditures remained
at the 1971 (pre-Promotion Order) level, Actual prices and incomes in
1973-T4 were used in estimating the broken lines in Figures 2, 3 and 4,
Hence, the difference between the actual and estimated sales can be attri-
buted to the effects of advertising and a random errcr component,
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Did the Expanded Advertising Program Pay?

In evaluating the costs and returns of the program, the value of +the
increased milk sales 1s corpared to the increased cost of the expanded
advertising progranm. The cost-return calculations for each SMSA are
presented in Table 2.

With respect tc program costs, it should be noted that when the
Promotion Order was effectuated many different types of promotion vehicles
were expanded; however,; the increase in advertising reported in Table 2
includes only the Order funding increase directly channeled into media
advertising. With respect to value, the farm value of the increased fluid
milk sales is the difference between class I znd cla /II nilk prices.

A class price differential of $2.40/cwt was assumed. The asnnusl
inereases in per capita milk sales were calculated from the econometric

rodels in Table i and are shown in Figurses 2. 3, and L.

As shown in Table 2, the increase in the farm value of milk s0ld in
the lew York City market exceeded the increased cost of the advertlsing
progren by 10.7¢ per capita. Returns for Albany and Syracuse were cal-
culated to be -2.3¢ and -3.9¢ respectively. While the advertising
expenditure pattern in these two markets may understate the returns to
advertising, the negative returns for Albany and Syracuse might well have
been anticipated from observing the low t ratios on their advertising
coefficients in Table 1. On the other hand, the t ratics of the adver—
tising coefficients in the PJew York City market were found to bhe substan—
tially larger than those in either Albany or Syracuse.

COHCLUSION

With the implementation in 1972 of the Uew York State Dairy Preomoticn
Order there was a dramatic inecrease in nilk sdvertising. To analyze the
sales impact of the increased advertising expenditure, time series data
from three ew York markets (Hew York City, Albany and Syracuse) were used
to estimate separate polynomial digtributed lag response models. Marked
inter market differences were observed in the economic returns from the
increased advertising. '

13/

== Potential production response lupacts of a successful pronotion
program were not considered in this paper.
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