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RESOLVING DAIRY MARKET DISEQUILIBRIUM:
Forecasting the Simple Answers to Simple Questions

Roger A. Dahlgran*

-One problem currently facing the dairy industry is U.S. govermment
net expenditures for surplus dairy products in the 1982-83 fiscal year were
$2.5 billion which purchased dairy products equivalent to 16.6 billion
pounds of milk. Figure | plots historical production and nongovernmental
utilization of milk from 1954 thru 1983 on a calendar year basis. In this
figure, the difference between production and nongovernmental utilization is
primarily milk price support purchases on a milk equivalent basis. This
figure shows that by historical standards, price support purchases are cur-
rently quite large both in absolute and in relative terms. Milk production
during the 1982-83 fiscal year, which also corresponds to the dairy market-
ing year, was 138.1 billion pounds while the dairy price support program re-
moved twelve percent of this total. Further, the $2.5 billion government
expendigure for these products was over four times the target expenditure
level of $600 million. In a political climate dominated by discussion of
budget deficits, dairy price support programs are being seriously ques-

tioned .

*The author is an Assistant Professor of Economics at Iowa State Universi-
Ly where this research was performed under pProject 2669 of the Iowa Agricul-
tural Experiment Station and North Central Regional Research Project

NC-176.
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and 1981-82 marketing years,

Phase IV, the Dairy and Tobaceo Adjustment Act of 1
Sponse to further milk surplusses in 1983. Beginning January |, 1984 ang

lasting for fifteen months, this aer Provides for (1) a $10 per hundred-

Policies on near- and long-term milk Production, to &Xamine whether dairy

Price support Purchases will pe reduced when pilk markets are confronted

with the Present ser of Prices, and if fNeeded, tp determine a set of prices
under which a regulated quasiequilibriupg will prevail in the markec for

milk,

Theoretical Model

™ prp 2av

| InKED * = B1o + By, In(mRe), + 8y, InGRede + 85 t + Y,¢ (1)
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P 1oQT! = InQr! 840 (1nQT)* 1nQT! )

o ' -
InXCWL - lnXcw . 850 + B5; [ln(PRC)t <3 ¥ ln(PRC)t 2

PCW PCV

e (ng)t 1 ¥ 1nGRed, ] + 8, [1n G2 -y
e (ggg)t 1t ln(igé) 1+ U5, ¢ (5)
In(ged) . = 350 * 861 nGaD” + By €+ ug | (6)
a6z, - <§§§>: 1= 87 lnGp - LG, L
1nXFD! = LaXFD_ - InXCW_ - 1n(1000) (8)
anTé = InQT_ - 1nxcwt - lnélOOO) (9)
where 1

PCL, = price received by farmers for cull dairy cows sold for slaughter

PCV. = price received by farmers for calves solg for slaughter ip year ¢t

PCW,. = price received by farmers for dairy cows that are Producing in

PFD. = price Paid by farmers for 16Z dairy ration in year t ($/cwt),
PRCt = index of Prices received by farmers in year t (1967 = 1.00),

PSHy = price received by farmersg for steers and heifers sold for
slaughter in year ¢ (8/cwe),

QT. = total milk production in year ¢t (million lbs),

QT?’ = optimal level of milk Production per dairy cow in year t (lbs),

& = Year less 1900,




XCWe = number of dairy cowg in year ¢ (thousand head ),

XFD, = Cotal faed consumed by dairy cows in year t (million 1bs),
r

XFDc = feed consumed per dairy cow ip year ¢ (1bs),

X5DYr & OPtimal leve] of feed consumption per dairy cow ip year ¢
(thousand 1bs), and

(PAV/PFD)Z = expected mlk-feed price fatio in year ¢,

Production per COW and feed fagq per cow, réspectively, while (3) ang (4) are
the respective partia]l adjustment models, Equaciop (5) models the Supply of

dairy cows 3S adjustmencrsg in dairy cow Stocks. Equation (6) models the ip-

feed Price ratjo,

Empirical Resulrs
—————_Tesults
The model ¥as estimared using U,s, anmal data frog 1954 they 1978,

These daca “ere availaple in varioyg issues of Agriculrura] Statistics,

Dairy Qutlook and Situation and Agricultural Prices, The estimation results

are Summarized in Table l.
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single adjustment of farmers' feeding rareg and were hypothesized Lo be
equal and, (c) profir maximization op the part of dairy farmers implies ,

hypothesized Symmectry restriction that ex1sts across ®quations (1) and

(2),2

not be rejecteq. A joint test of these two hypotheses was also not rejecteq
Since the Probability of 4 lérger F was 0,71, Therefore, the restricted ag-

timation Seems consistant with the dara, The hypothesas that dairy farmers

this equation. Ag 4 result, adjustments in the dairy herd were modeled
rather thap the dairy herq size,3 One result is lower R2’s than would
result frop modeling the absolute 8ize of the dairy herd, The dairy cow

Stock adjustment ®quation has apn y2 of 0.3303 and explains 98 Percent of
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the variation in the absolute level of dairy cow stocks. The estimated par-
ameters are all of the correct sign and are significant at the five percent

or greater level. The residuals in this model follow a first order autore-

gressive process with a serial correlation of 0,77,

The milk price capitalization model explains 89 percent of the varia-
tion in the real Price of cows. This model is derived from the reduced form
of (6) and (7) after the mull hypothesis that B870= 1 could not be rejected,
All of the_estimated Parameters are of the correct sign and are significant
at the five percent or greater level.

Figure 2 is ap alternative representation of the empirical results in
Table 1. This figure plots of the dynamic elasticities of dairy cow stocks,
Production per cow and total milk Production each with respect to the aver-
age milk price received by farmers, In normal supply elasticity computa-
tions, the mumerator of the elasticity is the percentage change in quantity
supplied between period t and period t+k (k > 0). With a dynamic model as
described here, the quantity produced is time dependent in the absence of a

Price change. The base for the percentage change in quantity in the mumera-

received by farmers, the quantity of milk Supplied will be 1.5 percent
larger than it would have been if Price had not been increased ten years

previdusly.5
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Figure 2. Decompositiog of the dynamic elasticity of total milk

| Production with respect £o an increase and a2 decrease in
- milk Prices,.
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Table 2, Summary of supply elasticitieg estimated ip other Studies,

; Elasticity W.r.t,
. Author Data Dependent Variable Milk Prices

Brandow 1933-51 Semiannug] Production per cow 0.04-0,18
for Pa, NY, WI, My :

Halvorson 1931-54 Semiannua]l Production per cow 0.00-0.22
(1955) regional

¢ Halvorson 1927-57 annuai total milk Production 0.16~0.18 short Tun
~ (1958) 0.40-0.44 long run

1941-57 anmuaj total milk Production 0.29-0,31 short rup
0.50-0.90 long run

Cochrane 1947-56 annua] total milk Production 0.03

Wipf & Houck 1945-54 annual total milk Productiop 0.04~0.07 short rup
0.06-0.16 long run

Chen, et.aj, 1953-68 quarterly total milk Production 0.38 short run
245

for California «34 long run
Wilson ang 1947-63 annual total milk Productign 0.003 short run
Thompson 0.52 long run
Parato 1950-48 annual total milk Production 0.006 short run

0.007 long run

years, which Corresponds to two completea life cycles of the dairy herd, the
Price elasticity of milk Supply shown ip Figure 2 ig about 2,5 for 4 price ip-
Crease and 1,5 for a price decrease, These long runp supply elasticitieg ex-

ceed all but the greatest long-rug elasticitieg Teported in Taple 2.
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Policy Implications

path of adjustment for milk production and nongovermmental utilizatign

in response o imposing alternacive Policies on U.S, milk markets, In a1
cases, the independent variables are the Same except for the average price
of milk received by farmers, This price ig dependent on policy variablesg
Such as the level of the Support price and/or producer assessments. Based
on the;r trending behavior during the 1980-83 tipe Period, the price of

feed, price of cull COWs, price of Steers and heifers and the index of

Prices,
Dairy policy alternatives which change the SUpport price will in turn
alter the Price processors Pay as well as the Price farmers receive for raw

milk, For these analyses, it ig assumed thar Dmovements in the SuUpport price

will tend to stimulate milk consumption, Using these assumptions, simple
questions can he asked of the Simple model which will give Simple answers,

Question |, As discussed Previocusly, Producer dssessments of $0.50 per
e —— .
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with an additional assessment being imposed beginning September 1, 1983.
The first question is, "What would have happened to milk Price support pur-
chases had these assessments not been imposed and had no other policy ac=-
tions been taken in 19837" Figure 3 provides a simple answer to this ques -
tion. This figure shows that milk price support purchases would have gotten
even larger thru 1990, Alternatively stated, had no policy actions been
taken in 1983, milk markets would have gotten more severely out of equilib-
rium as time went on.

Question 2, Since Producer assessments were implemented in 1983, a
second question is "What would have been the impact of these assessments,
totaling $1.00 per hundredweight, if they had been retained in their 1983
form in 1984 and beyond?" Figure 3 shows that the assessments were effec-
tive in substantially reducing the volume of price support purchases even
though substantial Price support purchases would have continued to exist
through 1990,

Question 3. The system relying on producer assessments was replaced
R oo ot LT L

with a paid diversion in 1984. The question is "What is the best that this
Program can hope to accomplish?” Under .the paid diversion program the re-

duction of the Support price is projected to stimulate commercial utiliza-

tion as well as to reduce supplies eventually. Once the initial adjustments
take place, the new Price signals will either move the milk markets toward
or away from equilibrium. Figure 4 shows that if the paid diversion
achieved culling and feeding rate changes such that long-run equilibrium
levels prevailed in 1984, the current set of prices would essentially keep

the market in equilibrium through 1990, This figure assumes that feeding

o
l'iiiiIIIIIII-------——
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rates instantaneously adjust to long-run equilibrium levels and dairy cow
cullings are such that price support purchases are eliminated in 1984.

Question 4. Part of the signup procedure for the paid diversion pro-
gram required that producers provide information on how production was going
to be cut on each participating dairy farm. Initial analysis of these data
by Boynton and Novakovic suggests that 342,000 dairy cows will be culled
from dairy herds in addition to normal cullings in 1984. Boynton and
Novakovic further anticipate 138.5 billion pounds of milk produced in 1984.
A fourth question is “What effect will the paid diversion program of 1984
have on milk price support purchases in 1985 and beyond?"” Figure 5 shows
that the paid diversion program will be successful in freezing the level of
price support purchases but it does not result in the liquidation of a large
enough component of the dairy herd nor are prices low enough coming out of
the paid diversion program to drive price support purchases to insignificant
levels. It should also be noted that this projection assumes that the paid
diversion program has no exogenous impact on the proportion of replacement
heifers that are kept for dairy herd additions in 1985 or 1986.

Question 5. Since support prices under the paid diversion program
are not low enough to reduce significantly the amount of price support pur-
chases, a natural question is “How much should the support price be reduced
to bring dairy markets to near equilibrium levels in the not too distant
future?" Figure 6 traces production and nongovernmental utilization assum-
ing the support price is cut by $1.50 per hundredweight in 1985. This

leaves the support price at $11.10 per hundredweight. It is interesting to
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ote that according to Figure 6, milk markets will attain a regulated equi~-
brium in 1990. Equally important, however, is that in 1990 when dairy
arkets appear to be in equilibrium, forces will already be in_motion which
-yiil cause a milk supply deficit that will drive up milk and dairy product
prices. Therefore, stability of dairy prices will reqﬁire that the support
price be increased when milk production is headed for equilibrium rather
than when milk supply deficits appear. Also implicit in Figure 6 is that
evén though milk markets reach equilibrium by 1990, there are substantial
price support purchases between 1984 and 1990. These purchases imply that
CCC stocks will remain sizable and continue to increase thru 1990 unless an
efficient donation program is undertaken.

Question 6. One feature of the forecasts reported thus far is the ab-

sence of the impact of inflation on milk price support purchases. A final
question asked of this model is "Given the impact of the paid diversion pro-
gram in 1984, what will be the impact of inflation on forecast dairy price
support purchases?” Simulations indicate that should priﬁes in the agricul-
tural economy start increasing at an anmial rate of five percent, dairying
will bécome less profitable and milk price support purchases wili fall dra-
matically starting in 1985 and a deficit would exist by 1990 even without
the paid diversion program and without a support price reduction from $13.10
per. hundredweight. In general, inflation in either consumer prices or agri-
cultural prices will cause a milk deficit to develop more quickly than in an
inflation free environment as the real price of dairy products falls along

with the real price of milk at the farm level.
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Summary and Conclusions

The results of this Study indicate that the price elasticity of o
Production in a one year period is 0.1l1., This inelastic short-rup supp
rasponse is not drastically different from results found by other researh
ers. Contrary to the results found by other researchers, the érice elast
city of milk Supply becomes elastic after seven years for a Price increage
and after nine vears fo; a4 price decrease. In the infinitely long run
elasticity of supply of this model is infinity but it takes more than
years of cumulative effects before the elasticity exceeds 3.0. The elasti-
cities estimated in this study exceed the elasticities estimated by other
researchers except for the most elastic supply response estimates,

The apparent irreversibility of the supply response in this model 1igs
due to underlying technical change rather than due to "asset fixity", In
a dynamic model, such as this cne, the separation of technical change and
the long=~run impact of a Price change cannot be achieved, Thus, in the
evaluation of a long-run impact of a price change, underlying teéhnical
change tends to either reinforce or diminish the impact of the price
change. This causes the supply response to appear to he irreversible.

The dynamic characteristics of the supply response is éspecially impor- .
tant for policy analysis. The §tructure reported in Table 1 implies that
disequilibrating effects of dairy policy take a long time to develop and
likewise, appropriately planned and eXecuted policies take a long time to

achieve their desired effectrs, Especially frustrating from a policy stand

point is the appearance of approaching equilibrium which 1is soon replaced by.

deepening disequilibriung,
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FOOTNOTES

IThese variable names are arranged in alphabetical

order. and the comven-
tlon used is that (PAV/PFD)*, = (PAV*,/PFD*, )

.

*y *,
2Symmetr requires that -QKEQ_ ,_QQE_ « A linear a roximation of
¥ i oPAV dPFD P

this restriction is 0.25048 = =0.99638 . This restriction was derived
under the assumptions of (a} equal coefff&ients of adjustment, i

B.n =B, ., (b) exponential growth in the average product of feed and (e) a
30 gO
constant "cost share for feed.

3The hypothesis that year-t
culling decisions are diff
sions, was tested by model
stocks. Though not report
changes in the stock of da

O—-year adjustments of dairy cow stocks due to
erent from long-run dairy herd replacement deci-
ing the jear-to-year adjustment of dairy cow

ed here, this model specified year-to-year

iry cows as a function of the ratio of the con-

cull dairy cows deflated
farmers. Since the price
not significantly differen
three year adjustment,
part of the three year

by the contemporaneocus index of Prices received by
elasticities for the year-to-year adjustment were
t from the corresponding elasticities for the

it was concluded that the year-to-year adjustment is
longer-run adjustment process.

simulation,

5Since the entire model is
elasticitites are constant, 1
change in price,
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