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Imperfect Competition Models and Commodity
Promotion Evaluation: The Case of U.S. Generic

Dairy Advertising

Harry M. Kaiser
Nobuhiro Suzuki

Almost all previous models used to evaluate the economic
impacts of commodity promotion programs have assumed perfect
competition in the market. However, this may not be a realistic as-
sumption for many commodities. Specifically, market power likely
exists both on the buying and the selling side of the market. For
example, farmers, through their cooperatives, may exert a degree of
selling power over processors buying agricultural commodities. Al-
ternatively, processors may have some buying power relative to farm-
ers or cooperatives, and/or may have some selling power over buy-
ers of the processed products.

The existence of market power may give biased results if
traditionally perfect competition models are used to evaluate eco-
nomic impacts of promotion programs. This is an important issue
because nearly all previous studies have assumed perfect competi-
tion. Two exceptions to this include a study of generic milk promo-
tion in Japan (Suzuki et al.) and a study of generic beef advertising
in Canada and the United States (Cranfield and Goddard).

The purpose of the research reported in this paper is to deter-
mine whether the assumption of perfect competition in the U.S. dairy
industry biases the findings of economic impacts of generic dairy
advertising in the United States. Two models of the U.S. dairy in-
dustry are used to simulate the impacts of generic dairy advertising:
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(1) an imperfect competition model, and (2) a perfect competition
model. The imperfect competition model endogenizes the degree of
market competition using an approach similar to Appelbaum. The
perfect competition model treats the price premiums obtained by co-
operatives through bargaining power as exogenous. A comparison
of results between the two models provides insight on whether the
perfect competition assumption is appropriate for studies of generic
dairy advertising in the United States.

Conceptual Model

Although raw milk is essentially a homogeneous input in the
production of fluid milk and manufactured dairy products, in the
United States the price received for fluid milk usage is higher than
the price received for manufactured product usage. Under a system
of federal and state milk marketing orders, the minimum Class I
differential (the difference between the price received for milk used
for fluid products and that for manufacturing) is fixed by the author-
ity of the federal and/or state government. In many markets, the
effective price for fluid milk use is higher than the minimum Class I
price because of bargaining by cooperatives for over-order fluid pay-
ments (Fallert, p. 154). Such differences indicate that the prices are
not competitively determined. Consequently, the effective fluid milk
price differential is the minimum Class I differential plus any over-
order payment.

The ability of producers to negotiate over-order payments
for fluid milk depends on the producer organization's share of the
total supply in addition to general demand and supply conditions in
the market. If milk handlers can buy milk from non-cooperative
producers, it may be difficult for a cooperative group to obtain pre-
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miums above the minimum Class I price (Robinson, p. 115). There-

fore, the effective fluid milk price differential reflects the degree of

imperfection in the U.S. milk market created by federal policies,

dairy cooperatives, and milk handlers.

• The imperfect competition model used in this study was origi-

nally developed to study the impacts of deregulation on the national

dairy market (Suzuki et al.). The model assumes that dairy coopera-

tives allocate their raw milk supply to fluid and manufacturing mar-

kets in a manner which maximizes total milk sales revenue, achieved

by equating marginal revenue between fluid and manufacturing milk.

Equality across markets of "perceived" marginal revenues is expressed

by the following condition:

(1) Pf (1 - Of/E) = P. (1 - OA), or

Pf + of wowapd = P. + 0. Q./(aQ./aP.),

where: Pf is the fluid milk price, Of is the degree of competition

parameter for the fluid market, E is the price elasticity of fluid de-

mand in absolute value, P. is the manufacturing milk price, O. is the

degree of market competition parameter for the manufacturing milk

market, ri is the price elasticity of manufacturing milk demand in

absolute value, Qf is aggregate quantity of fluid milk demand, and

Q. is aggregate quantity of manufacturing milk demand.

The parameter 0 can be thought of as an aggregate indicator

of the degree of competition in the milk market, since it not only

reflects the market power of cooperatives, but also the countervailing

market power of processors.' A zero value for 0 indicates perfect

competition in the market, in which case the optimal condition in (1)

is satisfied by equating the fluid and manufacturing price. At the
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opposite extreme, a value of one for 0 indicates monopoly or perfect
collusion in the market.

It is unlikely that the degree of market competition param-
eter is the same for the fluid and manufacturing milk markets. Rather,
dairy cooperatives face more competition in the manufacturing milk
market than in the fluid milk market. This is partly due to higher
transportation costs for fluid milk products than manufacturing milk
products. As a result, the manufacturing milk market is more na-
tional in scope and more competitive, while the fluid milk market is
more local and is usually dominated by just a few processors.

Separate parameters can be estimated for degree of competi-

tion for the fluid and manufacturing milk markets by estimating the

fluid (or manufacturing demand) equation and equation (1). The
manufacturing (or fluid) demand equation can then be substituted

into equation (1). The advantage of this approach is that it allows for

direct estimation of 0 as a coefficient of equation (1) (Bresnahan),

and Of and Om can be separately identified. Unfortunately, since the

coefficients for the manufacturing (or fluid) demand equation could

not be identified, this approach was not used here.

Instead, two different estimates were made to determine the
degree of market competition parameter for the fluid and manufac-
turing milk markets. In Case 1, it is assumed that Om is zero (perfect
competition in manufacturing milk market) and Of is solved assum-
ing that Of is constant in each time period and that cooperatives real-
ize the condition expressed by (1). In Case 2, it is assumed that Om =
Of. In reality, the degree of competition parameter for the manufac-
turing milk market probably lies somewhere between these two cases.
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The imperfect competition model of the U.S. dairy industry
used in this research is represented by the following six equations
having six endogenous variables:

(2) Q = f(BP),

(3) Qf = g(Pf, Ad,

(4) Qm = h(Pm, Am),

(5) Pf + of wowapd = Pm + Om Qm/(aQm/aPm),

(6) Q EQf + Qm + FUSE,

(7) BP = (Pf Qf + Pm Qm)/(Q - FUSE),

where Q is aggregate milk production, BP is blend price, Af is fluid
milk advertising expenditures, Am is manufacturing milk advertising
expenditures, FUSE is farm use of milk produced (assumed to be
exogenous), and all other variables are as previously defined. Other
exogenous variables, such as feed price, income, and trend, are not
noted in the above abbreviated equations, but are included in the
empirical model. Equation (2) is the farm milk supply function,
while equations (3) and (4) are the fluid and manufacturing milk
demand functions, respectively. Equation (5) is the first-order con-
dition for optimal milk allocation between fluid and manufacturing
markets to maximize milk sales. Equation (6) is an equilibrium con-
dition requiring farm milk supply to equal fluid and manufacturing
processors' milk demand plus farm use of milk. Equation (7) is the
formula for the blend price, which is a weighted average price re-
ceived by farmers based on the Class prices and utilization of the



Table 1. Estimated Equations for U.S. Milk Supply, Fluid Demand, and Manufacturing Demand.

Manufacturing
Dependent Milk Supply Fluid Demand Demand
Variables ln(Q) Q/N QmiN

Estimation
Periods

Independent
Variables

1975.2 - 90.4 76.3 - 90.4 76.3 - 90.4

Intercept 3.899(24.75)a -0.077(-2.49) 0.378(4.66)
ln(MF) 0.019(3.86)
ln(MF).1 0.032(3.86)
ln(MF).2 0.040(3.86)
ln(MF).3 0.043(3.86)

, ln(MF).4 0.040(3.86)
ln(MF).5 0.032(3.86)
ln(MF).6 0.019(3.86)
TREND 0.0039(8.17)
MDP -0.024(-1.67)
DTP -0.041(-2.94) -0.0059(-1.71)
SIN1 -0.0053(-1.94) 0.0016(8.28) -0.0013(-1.98)
COSI -0.052(-19.57) 0.0023(10.15) -0.0074(-9.08)
COS2 0.071(5.40) 0.00018(3.70) 0.00074(2.12)
(UQ).i 0.734(7.57)



Pf/CPI -0.105(-3.16)
INC/CPI 0.0011(2.70) -0.0069(-3.55)
(GAf) 1.0x104(3.10)
(GA1).1 1.7x10-7(3.10)
(GA1).2 2.0x10-7(3.10)
(GA1)_3 2.0x10-7(3.10)
(GA1)4 1.7x10-7(3.10)
(GA1).5 1.0x10-7(3.10)
BAf 6.8x10-7(2.60)
AU19 0.387(4.85)
(uQuN).1 0.788(4.94)
P./CPI -1.113(-3.96)
(BA.) 3.6x104(2.34)
(BA)1 5.4x104(2.34)
(BA)2 5.4x10-7(2.34)
(BA)3 3.6x107(2.34)
D89.4 0.018(2.80)
D90.4 -0.022(-3.16)
(UQm/N).1 0.670(3.78)

Adj. R2 0.95 0.92 0.78
D.W. 1.79 2.02 1.74

aFigures in parentheses are t-values.
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milk supply.

The results of both imperfect competition models were com-
pared to a conventional perfect competition model. The perfect com-
petition model assumed that the fluid (Class I) price differential was
exogenous. The perfect competition model was the same as the im-
perfect competition models, except that equation (5) was replaced
with:

(8) Pf = Pm + DIFF,

where DIFF is the exogenous fluid (Class I) price differential.

Estimated Model

Quarterly data from 1975 through 1990 were used to esti-
mate the model. The farm milk supply, manufacturing demand, and
fluid demand equations were estimated using two stage least squares
since prices and quantities are endogenous.

The effective fluid milk price used in the estimation is de-
fined as the manufacturing milk price (Minnesota-Wisconsin price)
plus the minimum Class I differential plus any over-order payment.
There were no data for national over-order payments for fluid milk.
However, the effective fluid milk price (Pf) could be estimated by
solving the blend price equation for Pf, that is:

(9) Pf = [BP (Q - FUSE) - Pm Qm)]/Qf,

where the term BP in equation (9) refers to the all milk price, which
is a measure of the national blend price including over-order pay-
ments. The effective fluid milk price computed by equation (9) may

I
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be somewhat higher than the true effective fluid price because the all
milk price includes over-order payments for Class II and III milk, as
well as for Class I milk. However, over-order premiums for Class II
and III milk are usually much smaller on a national basis than Class
I premiums. Therefore the potential upward bias in Pf from equation
(9) is likely to be small.

The estimated farm milk supply, manufacturing demand, and
fluid demand equations are presented in Table 1, while all variable
definitions and data sources are listed in Table 2. The milk supply
equation (Q) was estimated as a function of the milk-feed price ratio
(MF = blend price / feed price), a time trend (TREND), intercept
dummy variables for the Milk Diversion Program (MDP) and the
Dairy Termination Program (DTP), and harmonic seasonality vari-
ables (SIN1, COS 1, and COS2). It was assumed that farmers formu-
late price expectations based on past price observations. Accord-
ingly, a polynomial distributed lag was specified for the milk-feed
price ratio.2 The most significant results were achieved with a sec-
ond degree polynomial distributed lag imposed with both endpoints
constrained to lie close to zero and a six quarter lag length. Consid-
ering the biological reproduction cycle of the cow, this lag length is
reasonable. The time trend variable was included as a proxy for
improvements in technology over time, while the intercept dummy
variables for the MDP and DTP were included because these two
programs were designed to reduce milk supply. The three harmonic
variables captured seasonality in milk supply throughout the year.
The Cochrane-Orcutt procedure was employed to overcome signifi
cant first-order autocorrelation in the disturbance term. The com-

-

puted long-run price elasticity of milk supply was 0.224, which is
similar to Chavas and Klemme's estimated two-year price elasticity
of 0.20, and Weersink's estimate of 0.29.



Table 2. Definitions of Variables and Data Sources 

Q = milk production (billion pounds), from Dairy Situation and Outlook,

MF = all milk price per cwt. divided by the 16% protein feed price per ton, from,
Dairy Situation and Outlook,

TREND = time trend variable equal to 1 for 1970, quarter 1,....

MDP= intercept dummy variable for the Milk Diversion Program equal to 1 for 1984,
quarter 1 through 1985, quarter 2, equal to 0 otherwise,

DTP = intercept dummy variable for the Dairy Termination Program equal to 1 for
1986, quarter 2 through 1987, quarter 3, equal to 0 otherwise,

SIM, COSI, and COS2 = harmonic seasonality variables representing the first wave
of the sine function (1,0,-1,0), the first wave of the cosine function (0,-1,0,1), and the
second wave of the cosine function (-1,1,-1,1), respectively. (1,0,-1,0) etc. are values
for each quarter, where the first quarter means n/2, second it, third 37r/2, and fourth
2m

U., = lagged residual,

Qr = fluid milk marketed (billion pounds), from Dairy Situation and Outlook,

N = U.S. population (million persons), from Handbook of Basic Economic  Statistics,

Pf= effective Class I price ($/cwt.) estimated using equation (12),

CPI = consumer price index for all items (1982-84 = 100), from Consumer Price
Index,

INC = disposable personal income per capita ($1,000), from Employment and
Earnings,

GA, and BAr = generic and branded fluid advertising•expenditures ($1,000) deflated
by the media price index, from Blaylock,

AU19 = ratio of persons under 19 years old to the total population, from Economic
Report of the President,

= manufacturing milk marketed (billion pounds), computed as the milk production
minus farm use minus fluid milk marketings,

P. = M-W price ($/cwt), from Dairy Situation and Outlook,

BA. = branded manufacturing advertising expenditures deflated by the media price
index ($1,000), from Blaylock,

D89.4 = intercept dummy variable equal to 1 for 1989, quarter 4, equal to 0 otherwise,

D90.4 = intercept dummy variable equal to 1 for 1990, quarter 4, equal to 0 otherwise.



Table 3. Estimated Degree of Competition Parameters (Annual
Average).

Year • Case la
Of when 0 =0

Case 2b
Of = Om

1977

1978

1979

1980

1981

1982

1983

1984

1985

1986

1987

1988

1989

1990

0.077(0.024) 0.089

0.065(0.021) 0.075

0.066(0.021) 0.076

0.066(0.021) 0.076

0.065(0.020) 0.076

0.061(0.019) 0.072

0.059(0.019) 0.071

0.056(0.018) 0.066

0.061(0.019) 0.073

0.057(0.018) 0.067

0.058(0.018) 0.069

0.050(0.016) 0.059

0.044(0.014) 0.052

0.055(0.017) 0.065

aFigures in parentheses are standard errors defined by:
(Pf - P.) N/(Qf CPI) [standard error of the fluid demand function's estimated
slope].

bStandard errors cannot be computed in this case because of the nonlinear
relationship.
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Per capita fluid milk demand3(Q/N) was estimated as a func-
tion of the effective fluid milk price (Pd, per capita income (INC),
the ratio of persons under 19 years old to the total population (AU19),
current and lagged fluid advertising expenditures (branded BAf and
generic GAd, and harmonic seasonality variables (SIN1, COS 1, and
COS2). All prices and income variables were deflated by the con-
sumer price index, and the advertising expenditures were deflated
by the media price index. To capture habit formation of advertising,
a polynomial distributed lag was imposed. The most significant re-.
sults (for generic fluid advertising) were obtained with a second de-
gree polynomial distributed lag with both endpoints constrained to
lie close to zero and a five quarter lag length. Current branded fluid
advertising expenditures were found to be significant, but lagged
expenditures were not significant. The elasticities of fluid demand
with respect to price, income, and branded fluid advertising, calcu-
lated at their mean values, were -0.293, 0.483, and 0.0089, respec-
tively, which are similar to previous studies (e.g., Liu et al.). The
fluid demand function was estimated in linear form because other
functional forms (double-log, semi-log, log-inverse, and inverse)
resulted in negative marginal revenue estimates. A negative value
for marginal revenue precludes discussion of the collusion case ex-
pressed by equation (1).4

Per capita manufacturing milk demand' (Q./N) was estimated
as a function of the manufacturing milk price (P.), per capita in-
come, the ratio of persons under 19 years old to the total population,
current and lagged manufacturing milk advertising expenditures
(branded BArn and generic GA.), an intercept dummy variable for
the DTP, and harmonic seasonality variables. Again, all prices and
income were deflated by the consumer price index, and advertising
expenditures were deflated by the media price index. Intercept
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dummy variables were also included for the fourth quarters of 1989
and 1990 because regression residuals for both periods were very
large. The outlier for the fourth quarter of 1989 resulted more than
likely from unusually strong demand for nonfat dry milk during that
quarter, but there is no apparent explanation for the fourth quarter
1990 outlier. To account for habit formation of advertising, a poly-
nomial distributed lag was imposed. The most significant results
were obtained with a second degree polynomial distributed lag with
both:endpoints constrained to lie close to zero and a three quarter lag
length. The effects of generic manufacturing advertising were nega-
tive and highly insignificant. The variable AU19 was also not sig-
nificant. Consequently, these two variables were dropped from the

Table 4. Mean Absolute Percent Errorsa (1980.1-90.4).

Endogenous Variables
Mean Absolute Percent Error
Case 1 Case 2

% %
Fluid Milk Price (Pf) 3.10 3.16

Manufacturing Milk Price (P.) 3.70 3.69

Blend Price (BP) 3.54 3.56

Fluid Milk Demand (Q) 1.60 1.59

Manufacturing Milk Demand (Q.) 2.91 2.88

Milk Production (Q) 1.67 1.66

aThe formula is: (1/n)E JP-A)/A_x100, where P is the predicted
value and A is the actual value.
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Table 5. Estimated Average Increases in Producer Surplus
Associated with 1 percent Increases in Advertising
Expenditures (1980-90).

Imperfect
Competition Model 
Case 1 Case 2
=0 Of =I).

Exogenous Fluid
Price Differential

Model

Increases in
Producer
Surplus
(1000$)

Percentage change
in:

1,017

Fluid Milk 0.0222
Price (%)

Fluid Milk 0.0484
Quantity (%)

Manufacturing 0.0154
Milk Price(%)

Manufacturing -0.0214
Milk Quantity

(%)

1,044

0.0243

0.0478

0.0150

-0.0208

902

0.0135

0.0508 .

0.0171

-0.0237
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final model. Unexpectedly, the estimated coefficient on the income
variable was negative and significant. Because individual dairy prod-
ucts have different demand patterns over time, disaggregated esti-
mation would likely produce results more consistent with theory,
however, that is beyond the scope of this paper. The estimated elas-
ticities of manufacturing demand with respect to price and long-run
branded advertising were -1.575 and 0.234, respectively, calculated
at their mean values. The estimated price elasticity was relatively
large compared to previous studies, e.g., -0.928 found by Liu et-al.

The annual values for the degree of competition parameter
derived from equation (1) and the estimated fluid and manufacturing

demand equations are reported in Table 3. Again, in Case 1, it was

assumed that Om is zero, while in Case 2 it was assumed that Of was
equal to Om. It is interesting that the values of 0 were only slightly
larger in the second case. The results from both indicate that the
U.S. milk market is neither perfectly competitive nor monopolistic.
Also, the results suggest that the degree of market imperfection has
been declining over time.

The fluid milk market may be becoming more competitive
over time because of improvements in transportation technology and
an increase in reserve areas other than Minnesota and Wisconsin.
This has increased the geographic scope of fluid milk markets, which
is a competitive influence on the market. The gradually decreasing
degree of competition parameters could be the consequences of a
power balance caused by these developments.

Model Validation and Simulations

The validity of the estimated model was determined by dy-
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namically simulating values for the endogenous variables over a his-
torical period (1980-90), given the values for the exogenous vari-
ables using the Gauss-Seidel technique. The mean absolute percent
errors are presented in Table 4. Since the largest error was less than
4 percent, which was relatively small for a dynamic simulation, the
model was deemed reasonable for this purpose.

To estimate the effectiveness of generic milk advertising, sce-
narios were simulated based on a 1 percent increase in generic fluid
advertising expenditures in every period from the first quarter of
1980 until the fourth quarter of 1990. Because generic manufactur-
ing advertising was determined as not statistically significant, only
generic fluid advertising expenditures were considered in the simu-
lation. The effectiveness of advertising was measured by the in-
crease in producer surplus associated with the 1 percent increase in
advertising expenditures. The change in producer surplus was ap-
proximated by the following trapezoid area;

(10) (BP'-BP) (Q'+Q-2 FUSE)/2,

where " " represents ex post value. Ex ante values were not obser-
vations but values solved by the fully dynamic simulation.

The results of both imperfect competition models, Case 1
and Case 2, as well as the perfect competition model, are shown in
Table 5. The results represent the average increase in producer sur-
plus, prices, and quantities from 1980 through 1990 associated with
a 1 percent increase in generic advertising expenditures.

The results of the two imperfect competition models were
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very similar to one another. Thus, the results of Case 1 will be used
to compare with the perfect competition model. The imperfect com-

petition model (Case 1) found a $1 million increase in producer sur-

plus due to a 1 percent increase in generic advertising expenditures,

while the perfect competition model estimated a $902,000 increase

in producer surplus. In other words, when some market imperfec-
tion was allowed in the model, the increase in producer surplus asso-
ciated with increased advertising was almost 13 percent higher than
when it was assumed that perfect competition prevailed.

With respect to impacts in the fluid milk market, the imper-
fect competition model (Case 1) estimated an increase in the fluid

price and quantity of 0.0222 percent and 0.0484 percent due to a 1

percent increase in generic advertising expenditures. On the other

hand, the perfect competition model estimated a smaller increase in
the fluid milk price (0.0135 percent) and a larger increase in fluid
milk quantity (0.0508 percent) than the imperfect competition model.
The discrepancy in results between models in percentage terms was
sizable; the estimated price impact was 64 percent larger and the
quantity impact was 5 percent lower from the imperfect competition
model relative to the perfect competition model.

Regarding impacts in the manufacturing milk market, the re-

sults between the two models were significant The results of the

imperfect competition model showed a 0.0154 percent increase in
the manufacturing milk price and a 0.0214 percent decrease in manu-
facturing milk quantity due to a 1 percent increase in generic ad-
vertising expenditures. The results of the perfect competition model
indicated that a 1 percent increase in generic advertising expendi-
tures increased the manufacturing milk price by 0.0171 percent and
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decreased manufacturing milk quantity by 0.0237 percent. That is,
the imperfect competition model predicted that a 1 percent increase
in generic advertising expenditures would increase the manufactur-
ing milk price by 10 percent less and would decrease the manufac-
turing milk quantity by 10 percent less than the predicted results of
the perfect competition model.

Conclusion

The purpose of this paper was to determine whether the as-
sumption of perfect competition in the U.S. dairy industry biased the
findings of economic impacts of generic dairy advertising in the
United States. Two models of the U.S. dairy industry were used to
simulate the impacts of generic dairy advertising: (1) an imperfect
competition model, and (2) a perfect competition model. The im-
perfect competition model endogenized the degree of market com-
petition using an approach similar to Appelbaum. The perfect com-
petition model treated the price premiums obtained by cooperatives
through bargaining power as exogenous.

The estimated degree of competition parameters indicated
that there is some market power in the U.S. milk market. The imper-
fect competition model demonstrated that greater market power re-
sulted in larger returns from generic milk advertising than the per-
fect competition model. Therefore, the traditional perfect competi-
tion model may underestimate the magnitude of impacts of the U.S.
generic milk advertising.

Endnotes

1. Since dairy cooperatives in the U.S. do not control member milk
production, the marginal cost of production is not included in equa-
tion (1).
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2. The number of cows was not included as an explanatory variable
because long-run milk-feed price effects are considered by imposing
a polynomial distributed lag.

3. The demand functions for fluid and manufacturing milk were

derived demands by processors for milk. All quantities in the model
were measured on a milk-fat equivalent basis to satisy the equilib-
rium conditions.

4. To be consistent with the fluid demand function, the manufactur-
ing milk demand function was also estimated using a linear form.

5. Government purchases of dairy products and changes in commer-
cial inventories were included with commercial demand in the manu-
facturing milk demand function because this is a derived demand for
raw milk.
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