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Abstract

Wwith the passage of tne Dairy and Tobacco Adjustment Act of 1983,
dairy farmer investment in product research, adverti51ng and promotion
in the United Stdtes increased from $60 million to $200 million
annually. .A key decision faced by Boards managing these funds is how
best to allocate available advertising funds amohg the various dairy
products. In this paper an economic model is developed that shows the
allocation of funds to fluid milk and cheese that would maximize sales
in a given market. The model is applied to the New York City market
with results suggesting that over the stﬁdy period diverting funds
from fluid milk to cheese advertising.would have enhanced milk-equiva-
lent sales in the market by as much as 1.17 percent or 8.21 m11iion
gallons annually. Alternative1y, the model suggests that the same
sales ]eﬁel could have been achieved with a different allocation of
funds resulting in an estimated 14.6 percent savings in the amount

spent advertising the two products.

Key words: advertising and promotion, generic advertising, dairy

promotion, dairy policy



PRODUCT ALLOCATION OF GENERIC ADVERTISING FUNDS:
A SALES MAXIMIZATION APPROACH WITH AN
APPLICATION TO MILK AND
CHEESE IN NEW YORK CITY

Weakening demand for Dasié agficultura] commodities such as beef,
milk and eggs has increased interest in advertising, promotion'and new
prdduct research as a means for addressing this problem. In 1983, for
eﬁampie, the.inclusion of a promotion provision in the Dairy and
Tobacco Adjustment Act resulted in a more than doubling of U. S. funds
for advertising dairy products - from $60 to roughly $200 m111ion'

annua]fy. More recently, the Food Security Act of 1985 contains
authorization for commodity promotion programs in beef, pork and
watermelons (Manley and Warman). Also, the egg industry is currently
attempting to establish a marketing order which will have an expanded
promotion budget as a component.

The desirability of these‘programs from a social welfare stand-
point is not at issue here, Rather the purpose of this paper is the
more modest one of attempting to address the issue of how best to
allocate funds amonyg different product categories. Managers of farm-
funded promotion programs, .typically -an elected or appdinted group of
farmers engayed in the production of the advertised commodity, face
the complex task of "getting the biggest bany for the buck" from
available promotion dollars. This requires informed answers to ques-
tions such as: {1) where should the mbney be spent and how much shouid
be allocated to that market? (2} which @gghg, e.g., television, radio
or print, should be used to convey the message and what is the appro-

priate media mix? (3) when should the money be spent, e.g., would a




seasonal distribution or pulsing of expenditures be more effective

than a continuous constant level of exposure? and (4) which products
should recei#e greater emphasis in the advertising program, e.g., in
the case of dairy should fluid milk, butter or cheese receive greater
emphasis?
| A common thread contained in the above questions is the issue of
how best to allocate a finite set of resources among alternatives so
“as to achieve some goal, Viewed in this way, the questions from an
anatytical standpoint fail in the category of constrained optimiza-
tion, Economic principles applicable to resolving these types of
problems in a practical agricultural marketing setting are perhaps
best articulated in the works of Wauyh and Waugh, et al. These prin-
ctples state that nef returns are maximized if allocations take place
such that marginal returns from each alternative are equated. For
example, if a group of pecan producers is attemptiny to decide how
pest to allocate an annual crop of nuts between domestic and export
markets, the answer would be to choose that a110cation‘which equates
marginal returns in export and domestic markets.r

The principles outlined by Wauyh implicitly assume that profit
maximization is the goal of the producer group., An alternative
assumption and the one used in this paper is that producers wfsn to
maximize the guantity of product sold. The rationale for this assump-
tion might be explained as follows: the primary purpose-of promotion
orders is to increase demand or, as in the case of dairy, to reduce
~yovernment surp]usés. Producer groups which have been given legisla—l

tive authority to pool resources for the purpose of advertising and




promotion should, therefore, make decisions cohsistent.with the
original intent of the legislation. Moreover, self-interest may‘be
best served in the long run if the basic problem - slack demand -
serves as the primary‘focus of attention rather than (short run)
profit maximization.

This last factor may be especially relevant for the dairy indust-
ry because the Food Security Act of 1985 establishes an éxplicit link
between dairy surpluses and the farm prfce of milk, In particular,
beginning January 1, 1988 and continuing throuyh January 1, 1390,

provisions of the Act require that the Secretary of Agriculture reduce

“the support price by 50 cents per hundred pounds of milk marketed if

Commodity Credit Corporation {CCC) purchases for the ensuing year are
expected to exceed five billion pounds of milk-equivalent {Novakovic).
Because dairy surpluses in 1985 at 13.5 billion pounds (USDA) were
substantially above the 5 billion pound Timit and are expected to
continue at high levels even with the whole herd buy-outrprogram |
contained in the 1985 Act (Dryer), it appears tnat long term benefits
may be greatest if funds are allocated to maximize sales rather than
short-term profits., Then, too, it should be noted that under the
dairy price support program-a strict profit maximization assumption
would lead to a recommendation that all advertising dollars be a110~
cated to fluid milk or other Class [ products when dairy surpluses
exist, This is so because advertising manufactured (Class 11) dairy
products (cheese, butter, ice cream, etc.) would simply reduce CCC

inventories with no effect on farm-level price or marketings (Kinnu=-




can, 1983). Because the sales maximization assumption permits adver-
tising of manuféctured dairy products, this assumption would appear to.
offer a more realistic "engine. of analysis” relative to the problem
considered in this paper;l/ , |

The specific research objecfive in this study was to develop an
approach to'determining the “best" allocation of a given size generic
prdmotion budyet betweeﬁ two products--f]ﬁid miTk and cheese, The New
York City market serves as the focus for analysis because the needed
empirical relationships have been estimated for this market., An
tmplicit assumption is that the producer group managing the New York
State Dairy Promotion Order follows a two-step decision process in
fund allocation., First, they decide what portion bf the total budget
to allocate to New York City and then, having made this decistion,
decide on what share of the New York City budget to place in fluid
milk vis-a-vis cheese., A further simplifying assﬂmption is that other
dairy products such as butter or yoygurt are ignored by the Board as
potential products to advertise§/

'The Modetl

The basic assumption of the analysis is that proddcers funding
the advertising program wish to allocate funds so as to achieve the
highest Tevel of sales possible, Assuming that a decision has already
Deeﬁ made to allocate a* of the total advertising budget to New York
City, the problem then is to decide how best to allocate a* between
two products--fluid milk (gm) and cheese {gc). Letting
(1) a* = am + ac

where am = milk advertising and ac. = cheese advertising, tne problem




can be cast mathematically as:

(2) max Z = gn{am) + gc{ac) + ¥ {a* - am - ac)
am, ac, ¥

In principle the values of am and ac providing the maximum Tevel
of sales given a* could be obtained by solving the first order condi-
tions of equation {2) for the relevant variables. However, because
the available gm and qc functions are nonlinear (i.e., logarithmic),
this approach ‘s compTicated and hence an alternative one sugyested by
Waugn was taken, Thisrapproacn involives the use Qf isoquants to:show
graphically the wminimum cost method of obtaining a given sales 1eve1.

To operationalize the procedure, the following ingredients are needed:

1. sales response functions for gm and ¢ showing the net
relationship between (milk-equivalent) sales and advertis~
ing,

a function which shows the various combinations of am and ac
yielding the same level of total milk-equivalent sales;
i.e., an empirical expression for the sales isoquant, and

[
°

3. a mathematical expression for the slope of the isoquant.,
This permits construction of an "expansion path” (a curve
connecting isoquants at points of equal siope). Under the
assumption of sales maximization, the am and ac combination
yielding a slope of -1 on the isoquant represents the "best”
{cost-minimizing) ailocation of advertising dollars for
achieving a given level of sales.

Procedures used to accomplish each of these steps are described
below, Results are then summarized graphicaT]y and discussed.

Sales response functions

In two separate studies Kinnucan and Kinnucan and Fearon used

monthly data pertaining to the New York City market to estimate sales-




advertising response functions for fluid milk and cheese. Each of
fhese functions included variables to 1ﬁdicate the effects of prices,
income, demoyraphic and seasonality‘factors on market sales of the
respective products. The f]ﬁid milk equation was estimated using data
for the period 1971-1980; the cheese equation is based on data for the
1977-81 period. To permit advertising to have a diminishing mapgina]
effect on 5a1es,'10gar1thmic functional forms were used in the stu—‘
dies.

Letting gm = milk sales in ounces per person per day and qc =
cheese sales in ounces per person per day on a milk-equivalent bésis,
the following sales response functions were obtained:

(3) qm
(4) qc

where AM and AC are generic advertising expenditures for. fluid milk

7.66466 AM-05096

1

4.39683 Ac- 09930

and cheese, respectively, expressed in cents per capita per year in
1485 dollars. )The exponents in equations (3) and {4) are the estim-
ated long run advertising elasticities associated with each product.
Assuming that the constant elasticity assumption implicit in the use
of logarithmic équations is valid, the larger elasticity for cheeée
advertising sugyests that the New York City market over the study
pericds was more responsive to cheese than fiuid mi]k advertising.
The constants in eacﬁ equation were adjusted to (i) reflect a
change in units of the advertising variables from monthly expenditures
in doliars to annual expenditures in cents, (ii) to permit pegying
each advertising variable to a common base year (1985) and (iii) to

insure that estimated sales equals actual sales when the functions are




evaluated at méan data points (AM = 23.3¢; AC = 3.4¢). The constant
term of the cheese equation also reflects a conversion of cheese sales
to a mflk»equiva]ent basis. It.was assumed that one pound of cheese
is equivalent to 9.9 pounds of raw farm milk. Sample means of daily
per capita'market sales for the two products were 9.00 ounces for
fluid milk and 4.72 (milk-equivalent) ounées for cheese, |

Marginal sales functions correspondfng to (3) and (4) required

for the derivation of the isoquant relation are:

(5a) 3am - 39059 v+ 2+90%
SN

(5p) 34c . 60732 Ac™-2*07".

o2

Evaluating these functions at the respective samp1e means of
advertising (AM = 23.3¢; AC = 3.4¢) gives the following marginal
products:

agm _
o4m = 01968 and 99 -, 08362.

Because the marginal sales response at avérage adyertising levels
are unequal, this suygests that a different allocation of funds would
havé résulted in greater sales, Specifically, since the marginal
sales response to cheese advertising exceeds the marginal sales_re-
sponse to fluid milk advertising at mean data points, it appears that
a.rea11ocation‘of funds from fluid milk to cheese advertising would
haQe'enhanced sales relative to the actual allocation. The isoquant
apparatus developed below can be used to determine the precise manner

in which funds should be reallocatea to maximize sales.




The sales isoqguant equation

An isoquant is a locus of input combinations, e.g., combinations

of AM and AC, yielding the same sales level on a milk-equivalent

basis. The equation describing this Jocus can be constructed as
follows. Define total milk-equivalent sales as: |

(6) TS = gm + qc.

Substituting equations (3) and (4) into equafion (5) yields:

(7) Ts = 7.66466 An-050% + 4.30683 ac 0030,

Solving equation (6) in terms of AC for some fixed level of sales (TSO)

gives:
(3) AC = e°
_ .05096 -
where & = 16. 863 In (TS, - 7.66466AM )} -24.972

By fixing TS at some predetermined level, say 13.72 0z. (the
sample mean of combined milk and cheese sales on a milk-equivaient
pasis) and-simulating equation (7) over a range of values for AM, say
1¢ - 70¢ (roughly the sample range of milk advertising expenditures)
the various combinations of AM and AC yielding TS, can be established.
Isoquants associated with milk-equivalent sales levels of 13.5, 14.0
and 14.5 oz. computed in thi; fashion are graphed in figure 1. Note
that the curves are convex to the origfn, insuring that the second

order sufficient condition for a maximum is satisfied.

The Expansion path

The “expansion path” is a locus of points connecting the least-

cost combinations of inputs associated with different isoguants.
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Least cost input combinations are found at the paint of tangency
between a budget.line and an isoquant. Because the budyet line has a
constant slope of -1 (see equation (1)) this tangency occurs at the
point on-the‘isoquant yielding a stope of -1, This point can be found
using the following expression for the slope of the isoquant based on
equation (8):

(9) aAc _ 0e° - 5 98

MM 5AM TAM

Substituting equation (8) into equations (9) and solving yields

(10) 3AC . -6.5867AM" - 9490%Ac
(10) M TSo7-G6A66AI: 05098

where AC is defined as in equation (8).

| Points on the isoquants when TS, = 13.5, 14.0, and 14.5 oz.
_y1e1d1ng a stope value of -1 are 1nd1cated in figure 1 by an asterisk.
For example, yiven a milk-equivalent sales level for cheese and milk
of 14 oi. the minimum cost allocation for achieving this sales level
is 18.6¢ to fluid milk and 12.4¢ to cheese for a total annual adver-
tising expenditure of 31.0¢/person. The Jine connecting the asterisks
is the expansion path. 1t shows the increases in advertising for each
‘product that would minimize cost as sales expands. Note, too, that
the spacing of the constructed isoguants along the expansion path
suggests that the advertising offort in the market is subject to

decreasing returns to sca]e.3/
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Model.Results

Assuming the parameters of the underlying sales reSponse'functions
remain unchanged, Figure 1 can be used to show the best a11ocat10ﬁ of
advertising dollars to fluid milk and cheese of ény given size adver-
tising budget. This can be done by insertiny a budget 1ine 1nto.the
diagram wnich shows the various combinations of AM and AC.which would
add to equal the amount availqb1e to spend on advertising. For
example, over the sample peridds, dairy farmers spent an aQerage of
26,7¢/person/year in 1985 dollars in the market adveftising fluid milk
and cheese. By locating 26.7¢ on both the vertical and horizontal
axes and connecting these points, the "budget iine" associated with
this expenditure tevel is constructed. The intersection of the budyget
line and the expansion path shows the optimum allocation of this
expenditufe. From the diagram, thé "best" allocation of the 26.7¢ is
l16q0¢ to fluid milk and 10.7¢ to cheese, Comparing this result to the
actual allocation (23.3¢ fluid milk and 3.4¢ cheese), the model sug-
gests that total milk-equivalent sales would have been hiyher if 7.3¢
had been diverted from fluid milk to cheese advertisingif

Alternatively, the question might be asked: “Given the average

milk-equivalent sales in the market of 13.72 oz./person/day experi-
enced over the sample periods, wnat would have been the cost-mihimiz-
ing allocation of advertising funds consistent with this level of
sa]es?" By setting TSO in equation {10) equal to 13.72, setting tne
equation egual to -1 and solving for AC in terms of AM, the answer is
obtained. Results suggest that the 13.72 oz. of milk could have been

sold with a total advertising expenditure of 22 .8¢ (with 14.0¢ allo-

11




cated to fluid milk and 8.8¢ allocated to cheese), Comparing this
" result witn the actual expenditure of 26.7¢ , a éavings of 3.9¢_per
capita 6r 14.6 percent s indicated had the.cost-minimizing allocation
of funds been in place over the study period., The relatively steep
curvatures of the sales isoquants, especially at lower sales Tevels,
is suggestive of the substantial cost savings that can be realized by
appropriately allocating the budget.

A rather simple and useful algebraic solution exists for the
allocation problem described‘by Figure 1. Note that since both the
budget line and the expansion path are linear, the valﬁes of AM And AC
proyiding maximum sales for a given size budget AT cén be found by

solving the following two equation system: 2/

(11) AC + AM = AT
and
(12) MG = k'AM

where equation (11) is the expression for the budyget 1ine and equation
(12) is the expansion path. The k' parameter is the proportion of
milk advertising devoted to cheese advertising in sales maximizing
equilibrium, According to the results discussed above, k' = 10.7/16.0
= ,67. Replacing k' with .67 and solving the above system for AM
yields:

(13) AM = .60 AT.

Equation (13) indicates tnat an allocation of 60 percent of the total
New York City advertising budget to fluid milk and the remaining 40

percent to cheese would have maximized sales over the sample period.
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6/

Tne actual allocation was 87 percent to milk and 13 percent to cheese.—
The effect on milk-equivalent sales of reallocating advertising

expenditures in the manner indicated by the model is shown graphically

in Fiyure 2. Reducing annual expenditures on fluid milk advertising
from 23.3¢ to 16.0¢ per capita results in decline in sales from 9.00
oz./person/day to 8.82 oz./person/day. However, this decrease is more
than offset by the milk-equivalent sales gain realized by increasing
cheese advertising expenditures by a corresponding amount (7.3¢ per
capita). In particular, the simulation results show daily mf]k-
equivalent sales of cheese rising from 4.72 to 5.06 oz. when advertis-
.ing is increased from 3.4¢ to 10.7¢ providing a net gain of .16 oz.
from the reallocation. Comparing total milk-equivalent sales under
the “optimum" allocatioh (13.88 oz.) with the sales level achieved by
the actual allocation (13.72 oz.), results suggest that sa]és could
have been enhanced by as much as 1,17 percent if reiative1y more funds
had been allocated to cheese vis-a-vis fluid milk over the study
-period. Based on a New York City media coveragé area poputation of 18
million, these results suggest that by placing a greater emphasis over
the study period on cheese in their advertising strategy, Federal
Order 2 dairy farmers could have anhanced annual milk sales in the

market by as much as 8.21 million gailons on a milk-equivalent basis../

Concluding Remarks
The general principle used in the analysis, equalization of

marginal sales amony products for a given size advertising budyet, can

be generalized to any problem involving the allocation of advertising

14



funds providing sales (rather than profit) maxihization'is the goal.
Thus, for example, the procedures outlined in the paper could be
applied to such issues as how to aliocate advertising funds across
media {television, radio, print, etc.), marketsror seasons.

0f course; to implement the principles discussed in this paper,
empirical measures of the relevant sales-advertising relationships are
needed and thése are not always easy to obtain, Moreover, recommenda-
tions based on such models must be tempered by the fact that marketing
is a dynamié process. Hence, underlying relationships may change
during the {mplementation period or may have changed by the time the
récommended allocation is adopted. Thus, monitoring and follow-up are
integral components of any attempt to improve marketing decision- -
makinyg via the use of ecanomic models such as the one developed in
this paper.

Reliable estimates of sales response function parameters are
essential if the proposed model is to yield correct results, Because
good parameter estimates require high qual%ty and appropriate data, a
necessary ingredient in further research efforts regarding farm funded
promotion programs is the building of a data base upon which empirical

analyses can continue to develop.
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FOOTNOTES

l‘/For‘ example, applying a profit maximizing model such as the one developed
by Thompson and Eiler to the gquestion of how best to-allocate advertising
funds between fluid milk and manufactured dairy products would result in a

recommendation that no funds be spent on Class Il product advertising as

long as dairy surpluses exist.

g—/Res.tricting the analysis to only two products is done for practical reasons.
and not because the approach is limited in its capacity to handle more
products. In particular, over the study period Federal Order 2 dairy
farmers spent essentially all advertising funds on cheese and fluid wmilk
(U'Arcy,'gg_gl.), thus it was unnecessary to develop‘a more complicated
model, Extending thé model to include more than two products is
straiyhtforward and poses no new analytical difficulties. Of course, the
isoquant apparatus discussed could not be used uniess some prodycts were
aggreyated.

3/caution wust be exercised in interpreting figure 1 because jn the case of
cheese advertising (but not milk advertising) the grapnhs of the isoquants
exceed tne observed range of the data (the maximum annualized monthly
expend1ture for cheese advertisiny over the study period was 11 3¢; the
corresponding. expenditure for milk advert1s1ng was 76.0¢), It is possible
that the cheese response function is no longer valid at expenditure levels

exceeding 11.3¢, in which case points on the expansion path beyond the 27¢

combined advertising level must be treated with extreme caution.

4/1n commenting on the actual implementation of results obtained from models
such as the one developed in this paper, Waugh suggested an "iterative"
procedure whereby the farm group wbu]d make the necessary changes Lo move

toward tne optimum allocation in a gradual manner, taking stock of the

16



impact at various intervals during the implementation phase. Waugh (p.
126) argued that “cuch an iterative procedure has the great advantage of
making it possible to re-study the demand functions after each step., If
the allocation [to one commodity] is gradually increased from year to year,
the statistician may be able to get dynamic measures of demand changes, and

thus may find the key to maximizing the flow of returns over a period of

several years."

E/Strictiy speaking, the expansion path in this problem is nonlinear. How~
ever, as demonstrated in the appendix, the error associated with the linear
approximation 1s.neg1igib1e - less than one percent in magnitude. It
should be noted that the approximate linearity of the expansion path found
in this study is purely coincidental and is not related to the mathematical
properties of the functions involved. For example, linear expansion paths
emanating from the origin are expected from Cobb-Douglas type functions
because these functions exhibit the mathematical property of homogeneity
(Chiang, p. 422). Although equations (3) and (4) are of the Cobb-Douglas
type, the expansion path asspciated with the summation of these two equa-
tions (as is done in equation (2)) would not, in géneral, pe linear., The
reason is that the sum of two nomogeneous functions is not, in generé],
homoyeneogus .

§-/The relatively heavy allocation of funds to fluid milk advertising in the
market over the study period was based on the notion discussed in footnote
1 that cheese advertising was not profitable for tne dairy farmer. That
some money nonetheless was spent advertising cheese is an indication that
the individuals responsible for fund allocation did not completely ayree
with the notion that advertisinyg manufactured dairy products is uneconomic

when surpluses exist.
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Z/A recent refefence outlining problems commonly encountered when using time
series data to estimate sales response funétions is Kinnucan (1985). Other
approaches include the use of controlled market experiments {Clement and
Henderson) varying parameter regression models (Ward and Meyers, Ward
and Tilley), and pooled time series cross section estimation (Ward and

McDonald).
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Appendix

That the errar associated with assuming linearity in the'expansion
path is negligible can be demonstrated by the following derivation of the
precise equation for the_expansion path. First note that in cost-
minimizing equi1ibrium,'the sales maximizing aliocétion of funds will occur
where the ratio of the marginal sales response functions equals minus one,
i.e.: | | |
By~1

(A.1) up B A
-1
uZBZACBZ

= -1,

where u and B are the parameters indicated in equations {3) and {4) of the
text (ui = 7.66466, u, = 4.39683, B, = 05096 and B, = .05930). Solving

equation (A.1) for AC in terms of AM yields:

- = . n ]_ 8 "1
Bom+ AM =T
UgBa ) Bp ~

Substituting parameter values and simplifying yields the exact equation for

the expansion path, which is:

(A.4) AC = .65 an 1-0089

Comparing equation (A.4) with equation (12) of tne text (AC = .67AM), it 1is
apparent that the linear approximation results in only a sliynt error. For
example, settinyg Am gyual to 16 1in equation (A.4) yields a value for AC of
10.66; a similar substitution for eqguatian (12) yields a value of 10.72 - a

difference of .9 peréent.
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