
Milk Supply Response in California:
Effects of Profitability Variables and Regional

Characteristics
Robert A. Milligan

This article discusses supply response for milk in California with the emphasis on
the impact of profitability of milk production. Profitability variables are specified as profit
margin per cow due to the availability of cost of production data. California production is
disaggregated into five regional response equations for market (Grade A) milk and an
equation for manufacturing milk (Grade B). Econometric results for larger, more
specialized dairies indicate very inelastic responses and long production lags. Results for
smaller, less specialized dairies indicate elastic responses and somewhat shorter lags.

An important factor in formulating dairy
policy is the reaction of producers to changes
in the profitability of producing milk. Al-
though considerable knowledge is available
on the topic, many questions remain con-
cerning the magnitude and the timing of the
response. This article considers milk supply
response in California with emphasis on the
response to changes in the profitability of
producing milk. The use of California data
has two advantages which provide a unique
opportunity to investigate the profitability
question. First and most important, costs of
production data are available; second, the
distribution of size and type of dairies is pre-
dominately regional, facilitating the compari-
son of response by size and type of dairy op-
eration.

Previous studies have used single and
multi-equation specifications to measure milk
supply response. Single equation estimates
have been obtained by Halvorson, Wipf and
Houck, and Hammond using the partial ad-
justment hypothesis and by Chen, Courtney
and Schmitz using the Almon polynomial lag.
Zepp and McAlexander, Wilson and
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Thompson, and Prato have simultaneously
estimated production per cow and cow num-
bers. Building upon simple accounting
equations outlined by Frick and Henry, El-
terich and Johnson, Jackson, and Hallberg
have estimated recursive models of the milk
producing sector based on biological as well
as economic considerations. In all of these
studies the profitability of producing milk has
been specified by separate variables for milk
price and feed prices or by milk price divided
by a feed price variable. All studies except
Chen, Courtney and Schmitz used annual
data.

In this study, bimonthly (six per year) ob-
servations for 1958-1973 are used to obtain
single equation estimates of milk supply re-
sponse for six California regions.' The availa-
bility of cost of production data and the large
number of observations facilitate the specifi-
cation of return over variable costs as the
measure of profitability and a detailed
analysis of the lagged response to profitability
of milk production. In addition the disaggre-
gation of production makes possible a com-
parison of the response to profitability among
the distinct regions and between California
market (Grade A) and manufacturing (Grade
B) producers.2

1The bimonthly time period was selected to be consis-
tent with the data collected and used by the State of
California.
2The results in this article are part of an econometric

157

brought to you by COREView metadata, citation and similar papers at core.ac.uk

provided by Research Papers in Economics

https://core.ac.uk/display/7043813?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1


Western Journal of Agricultural Economics

Model Specification

Regional Production Areas

Although milk is produced in all parts of
California, production is centered near the
large metropolitan areas of Los Angeles and
San Francisco and in the Central Valley. In
this study production is separated into mar-
ket (Grade A) milk production in five regions
and statewide manufacturing (Grade B) milk
production. Market milk dairies in the
Southern California, the Southern San Joa-
quin Valley, and the Northern San Joaquin
and Sacramento Valley regions are typically
large, with hundreds and even thousands of
cows per dairy, and specialized with many
dairies purchasing nearly all feed inputs and
replacements. Dairies in the Southern
California region are typically the largest and
most specialized. Both total production and
average farm size are increasing most rapidly
in the Southern San Joaquin Valley Region.

Market milk dairies in Mountain Areas and
North Coast and manufacturing milk dairies
are much smaller and less specialized; these
dairies are not too different from dairy farms
in other major U. S. milk producing areas,
such as the Northeast and the Lake States.
Market milk producers in the Central Coast
region are a mixture of the two extremes just
mentioned. In this region the movement and
dispersal of dairies due to urban expansion
are important factors.3

model of the California dairy industry developed to
provide the California Director of Food and Agriculture
and other decision-makers additional economic input in
establishing the price that distributors pay milk pro-
ducers. In addition to the supply response equations,
estimates are obtained for manufacturing milk price,
marketing margins, and consumer demand. Simulations
to 1985 are performed (Milligan 1975 and 1978).

3 The Mountains and North Coast region now produces
less than one percent of the market milk in California.
South San Joaquin Valley and North San Joaquin and
Sacramento Valleys are regions of increasing produc-
tion. Manufacturing milk production has been decreas-
ing; it now is less than ten percent of California milk
production.
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Factors Affecting Milk Supply Response

Even though the emphasis of this article is
on profitability variables, other variables that
influence the quantity of milk produced must
be included in the estimating equations. Fac-
tors other than profitability fall into three
categories: (a) economic forces that represent
the profitability of the viable alternatives
available to dairymen, (b) forces affecting the
gradual improvement in technology, man-
agement, and genetic ability that charac-
terize milk production, and (c) seasonality of
milk production. Three variables are
specified to represent alternatives to produc-
ing milk: (1) beef price, (2) index of land
prices in California, and (3) an interest rate
lagged two years. The percentage of cows on
DHI test is included to reflect improvement
in management; a time variable is included to
capture trends reflecting the gradual im-
provement in management, technology, and
genetic ability. Seasonality of milk produc-
tion is specified by dummy variables for all
but the January-February period.

Profitability Variables

In the five market milk equations, the prof-
itability measure specified is short-run profit
margin per cow, specified as milk price
minus variable costs per hundredweight
multiplied by production per cow.4 This spec-
ification is used for two reasons. First, a prof-
itability measure reflects the return to
dairymen net of variable costs and likely is a
stronger determinant of supply response than
is milk price alone. Moreover, a profitability
measure implies that input substitutions due
to price changes have already occurred. For
most of the studies mentioned above, a prof-
itability specification was not a viable alterna-
tive due to absence of cost of production data.
The second reason is that the separate speci-
fication of variables for prices received and
costs of production gave inferior econometric

4 Variable costs include feed, marketing, labor, and
operating expenses. Fixed costs are not included due to
data limitations and the difficulties encountered in de-
riving fixed cost per hundredweight.
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results, including frequent occurrence of in-
correct signs. Although this result is surpris-
ing from a theoretical viewpoint and some-
what inconsistent with results reported in the
literature (although Hammond discarded all
feed cost variables), the problem may relate
to State milk control procedures since these
same cost of production figures are employed
as a basis for determining class 1 prices. Con-
sequently, a causation problem is created,
and the ambiguous results may be the conse-
quence.

Margin per cow rather than per hundred-
weight of milk is used since limits on dairy
capacities and most management decisions
utilize the cow as the unit of measurement.
In the manufacturing milk equation the
forces affecting profitability are specified by
including variables for milk price received
and the price of corn because a cost of pro-
duction data series is unavailable.

Due to the long production cycle of the
dairy cow and the large fixed investments re-
quired for dairy systems, current production
levels are a response to profitability for sev-
eral previous years. Although little guidance
is provided by the literature for selecting a
lag structure on margin per cow with
bimonthly observations, it is known that
dairymen execute three types of responses to
alterations in the margin they are receiving: a
short-run response, a long-run response, and
a decision to dispose of the herd. Adjust-
ments in feeding levels and culling rates af-
fect production for a period of one to two
years. Decisions to increase capacity are not
reflected in production for two or more years
due to delays in choosing milking, feeding,
and housing systems, in construction of new
facilities, and in acquiring replacements. The
disposal decision has both short-run and
long-run impacts but is infrequent in Califor-
nia.

In developing a lag structure, it was ex-
pected that these responses would affect
aggregate production differently in areas
with specialized dairies (market milk
equations for Southern California and the
Valley regions), than in areas with smaller,
more diversified dairies. Southern California

dairies and market milk dairies in the Central
Valley seldom are liquidated, and feeding
and culling adjustments are minor because
the degree of specialization dictates that the
dairies are run at or near full capacity. In fact,
many authorities in the dairy industry argue
that some producers feel they must generate
an approximately constant income stream to
meet fixed costs and debt payments. This
course of action by some producers results in
a weak aggregate short-run response that
may even be the opposite of what an
economist would expect. Consequently, in
the specialized dairy areas of California most
of the response to profitability could be in
the third and fourth lagged year. In the less
specialized areas, response was hypothesized
to be stronger and to occur sooner due to
more exits from the industry and short-run
responses facilitated by diversification.

Final Form of the
Regional Supply Equations

The equation for each market milk region
is specified as follows:5

(1) q? = f(m ma , m_, mj3, Pa, Ptjm- n-2, mn-3 , Ptt
ptt 2 ,dhit, TM,, S1 2
s S4, S5, &tUJ )

where qaj = Daily hundredweight of market
milk production in region j, where j = 1:
Southern California, 2: South San Joaquin
Valley, 3: North San Joaquin and Sac-
ramento Valleys, 4: Central Coast, and 5:
Mountain Areas and North Coast; t = The
bimonthly observation; tt = The simple
average of bimonthly observations t
through t-5; tt-2 = The simple average
of bimonthly observations t-12 through
t-17 (two years ago); n-i, (i= 0, 1, 2, 3) =
The average value of the variable lagged 1,
2, 3 and 4 years, calculated by averaging
bimonthly observations t-1 -(6 * i)
through t-6 -(6 * i); mai = Profit margin

5The major data source is California Crop and Livestock
Reporting Service. References and all transformations
for each variable are contained in Appendix A of Milli-
gan 1978.
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per cow for market milk in region j; pr =

Index of land prices in California; p'f =
Price per hundredweight received for beef
in California; p' = Interest rate in percent;
dhi = Percent of all dairy cattle in Califor-
nia on DHI test; TM = Time trend:
January-February 1961 = 1, 2, .. ; S =
Dummy variables to measure seasonal ef-
fects; and u j = Disturbance term for
region j.
In the manufacturing milk equation (qb),

the margin variables are replaced by milk
price (pb , pb_1, p'-2) and the price of corn
(orn).

Estimation Procedure
Each of the five market milk and the man-

ufacturing milk equations was estimated by
generalized least squares using the two step
first-order autoregressive scheme suggested
by Theil (p. 254). Due to the complexities of
price determination, the actual price re-
ceived is unknown to the producer for nearly
two months. Consequently, the current
period's price is not specified in the estimat-
ing equation and a single equation technique
is appropriate. Generalized least squares is
used because of autocorrelation resulting
from the short time period. A second-order
autoregressive scheme was tried with inferior
results.

Several distributed lag schemes were in-
vestigated to specify the lagged effects of
profitability. These effects were not approx-
imated by any of several formulations of the
partial adjustment hypothesis [Nerlove
1958a, 1958b] or the polynomial lag [Almon
and Chen, Courtney, and Schmitz]. More
significant and theoretically reasonable coef-
ficients were obtained when the profitability
variables were specified as the average profit
margin per cow lagged one, two, three, and
four years. Based on expected sign, signifi-
cance, and explained variation, this specifica-
tion was better than other lag specifications
containing margin and price variables. The
inclusion of milk price and input price var-
iables rather than margin variables resulted
in incorrect sign and low significance levels.

Multicollinearity was not an insurmounta-
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ble problem because of the large number of
observations and the relatively low correla-
tion in the lagged time series for profit mar-
gin per cow. The correlations between the
four margin time series were 0.6 to 0.7
whereas correlations between similar time
series for price alone were 0.9 and above.

The Results

Each supply response equation contains a
subset of the variables specified in equation
(1). Some variables were excluded because
they were not relevant to the region; others
were deleted in the estimation process.
Criteria used in eliminating variables include
theoretical correctness of the signs, statistical
significance, and expected importance in
projecting the future direction of production.
Profitability variables were deleted only
when they had almost no significance, except
in the Central Coast region where other spec-
ifications were less desirable theoretically
than that in Table 1. It is recognized that this
procedure limits the statistical relevance of
the statistics presented in Table 1.

The elasticities derived from the coeffi-
cients on the profitability variables are sum-
marized in Table 2. The margin elasticities
are the percentage change in milk supply
from a one percent change in short-run mar-
gin. Since even a small change in milk price
or variable cost creates a large proportionate
change in margin, the margin elasticities are
very small. In order to provide a comparison
with price elasticities, a measure of the per-
centage change in production from a margin
change created by a one percent change in
the milk price must be calculated. This mea-
sure is labeled "estimated" price elasticity
and is obtained as follows. One percent of the
price (average value or most recent value) is
multiplied by the production per cow, di-
vided by the average margin per cow, and
converted to a percent to give the percentage
change in margin created by a one percent
change in price. This percentage is then mul-
tiplied by the margin elasticity to derive a
value that can be compared with price elas-
ticities.
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TABLE 2. Margin and Price Elasticities for Milk Produced in California.

Area of Production,
Time Period, and

Equation

Southern California
n-1
n-2
Total

South San Joaquin
n-1
n-2
n-3
Total

North San Joaquin
n
n-1
n-2
n-3
Total

Central Coast
n

Mountains
n
n-2
n-3
Total

Manufacturing Milk
n
n-1
n-2
Total

All Milk
n
n-1
n-2
n-3
Total

Margin
Elasticity

Nov-Dec
Mean 1973
Values Values

Price
Elasticity

Nov-Dec
Mean 1973
Values Values

-.011 -. 015
.050 .067
.040 .052

.016

.018
.017
.051

.019
.033
.068
.046
.062

.031

.042

.046

.119

"Estimated" a

Price Elasticity

Nov-Dec
Mean 1973
Values Values

-.066 -. 086
.323 .370
.257 .284

.141

.186

.217
.543

-.020
-.060
.136
.094
.140

-.119
.214
.496
.390
.552

.031 -. 032

.124
.068
.093
.285

.160
.201
.218
.579

-.154
.260
.587
.423
.596

.200 -. 306

.291
.184
.289
.764

1.315
1.424

.852
3.591

.425
-.460
.252
.706
.924

.630

.377

.566
1.573

1.334
.740

1.054
3.128

3.242
3.219
1.941
8.402

.522
-.511

.283
.781

1.075

aSee text for calculation procedure.

The above transformation assumes no
change in variable costs and production per
cow when price changes. The assumption of
no change in costs is no problem, but some
reaction in production per cow might be ex-
pected; however, Prato and Wilson and
Thompson did not find such a relationship.
Both derived insignificant coefficients; one
had a negative value and one a positive value.
The bias from these assumptions would
therefore appear to be minimal.
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The expected differences between
equations representing primarily large,
specialized "industry-like" dairies and those
representing primarily smaller, more mar-
ginal, more diversified producers are very
apparent in the regression results and in the
elasticities. As hypothesized, there is little
short-run response in the regions with
primarily specialized dairies as indicated by
insignificant coefficients on the first two mar-
gin variables and by the corresponding small
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elasticities. The occurrence of negative coef-
ficients even with questionable significance
is, however, rather surprising. In order to be
certain that the negative signs are not a func-
tion of the particular specification used, a se-
ries of alternative specifications, particularly
on the lag structure, were investigated. The
negative short-run coefficients appeared con-
sistently in these specifications. Since most
price changes in the time period considered
(1958-1973) were small, it may be that the
short-run constant income stream objective
prevails for small price changes. It is unlikely
this response would hold for large price
changes.

The results in Tables 1 and 2 coincide well
with the characteristics of dairies in the re-
gions. The very inelastic but relatively more
rapid adjustment in Southern California is
not surprising since dairies there are the
largest in the state; however, production in-
creases in Southern California have been less
rapid than in the Valley regions due to pres-
sures from urban expansion. The more elastic
but less rapid responses in the two Valley
regions are reasonable since both regions
have experienced larger production re-
sponses than the Southern California region.
Although the absence of a long-run adjust-
ment in the Central Coast region is unex-
pected, it may not be unreasonable since
aggregate production has shown little
change. Pressures from urban expansion are
a predominant factor in production decisions
in this region. Perhaps when margins in-
crease, some producers increase production
but others move to another region.

The Mountain Areas and North Coast mar-
ket milk region and the manufacturing milk
equations represent producers who are
smaller, more marginal, and more diver-
sified. The response results in these
equations differ dramatically from other
areas with larger, more specialized opera-
tions. The response to profitability of produc-
tion is much more rapid and much larger.
Both equations show a very significant re-
sponse in the first year. The response to prof-

itability variables also is quite elastic in both
equations.

The elasticities labeled "total" in Table 2
seem reasonable when compared to the
long-run elasticities obtained in other
studies.6 The elasticity for all California milk
production of 0.924 is very close to that ob-
tained by Hammond for the Pacific region.
As indicated above, direct specification of
profitability was superior to indirect specifi-
cation using milk price and input prices for
this set of data. Because profitability is a key
decision variable in making farm decisions
and because direct specification measures all
cost of production changes rather than just
those with specified input prices, the
hypothesis that direct specification of prof-
itability could improve the results for other
milk production response equations seems
acceptable.

Implications for Policy and
Future Research

These results suggest that regions with
large, specialized dairies exhibit very inelas-
tic responses to profit margins while regions
where the typical dairy is smaller and less
specialized exhibit elastic responses to
changes in profitability. The results further
indicate that there is a two or four year lag
before the major impact of the response oc-
curs in regions with specialized dairies.
Additional research is needed to determine
to what degree the results of this study can
be generalized to other milk producing re-
gions.

The policy implications of these results are
twofold. First, a reasonable hypothesis based
on these results is that the aggregate re-
sponse to profitability will become more in-

6 The total or the sum of the elasticities for individual
years is an approximation of the long-run elasticity.
Since the individual elasticities are the percentage
change in production for a one percent change in mar-
gin n-i years ago, the sum gives the total percentage
change in production resulting from a one percent
change in margin. This procedure is consistent with
Wilson and Thompson for a finite series and with the
procedure used to derive the long-run elasticity in the
partial adjustment hypothesis.
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elastic as a greater proportion of the milk is
produced on larger, more specialized dairies.
As the response becomes more inelastic,
more precise policy decisions will be re-
quired to avoid adverse or inequitable conse-
quences for consumers and producers since
larger adjustments will be required to correct
errors.

The second policy implication originates
from the long lag found in the specialized
dairy areas. These results indicate that there
will be an increasing time span between a
change in profitability and the major re-
sponse in aggregate production as dairies be-
come larger and more specialized. In order to
effectively react to this situation, policy-
makers will have to consider much more
carefully the long-run implications of all pol-
icy decisions.
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