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Klemme) . Moreover, interest often focuses on the relationship between Prices
and/or quantities in markets for Class I and Class II milk (LaFrance and de
Gorter; Kaiser, Streeter, and Liu); relationships that can best examined using
total elasticity and flexibility concepts.

In the next section, existing methods for obtaining total price ang
quantity effects in Systems of equations are reviewed. These results are then
used to motivate the derivation of total response measures in nonlinear models.
The third section reports the specification and estimates of 3 structural mode]
for the U.s. dairy sector. 1In section four, numerical methods are used ip
conjunction with the estimated dairy model to obtain partial and tota]l
elasticities and flexibilities for selected exogenous and endogenous variables,
Conclusions and suggestions for further research are reported in the final
section.

II. Partial and Total Elasticities

In this section standard results for obtaining total Price and quantity
effects are reviewed. The results are then extended to include dynamic and
nonlinear models,

standard three-equation market model consisting of quantity supplied (Y s),
quantity demanded (Y. ), and market clearing Price (Yz). The system can be
represented in the foEiowing manner:

B ™ fs(Y » X) (la)
Tia =Yy, (1c)

where X is a K-vector of eéXogenous variableg conditioning demand and supply and
(le) denotes market clearing. Relationships between quantities and price are
frequently Summarized using elasticities. Specifically, letting e and ¢

denote respectively elasticities of supply and demand with respect tg Price, we

‘16 = Y, /0%,) (¥, /¥, (2a)
“1a = (@Y)4/9Y)) (v, 1/Y,) (2b)

More generally, it is Possible that other endogenous variables in addition
o Y. . Yld' and Y, could be determined explicitly within the Structure of the
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o Yo, B) ' (3a)

X) (3b)

L | YG!_

i Y denote other endogenous variables in the model. It is clear
: E elasticities in (2) are not appropriate in the present case
11 be secondary effects resulting from a change in Y, on the
enous variables, Y.,..., Y.. Of course to capture totaf effects

ge on supply and demand, ta%al derivatives must be evaluated. In
i} total elasticities of supply and demand are given by:

G

- [6Y15/3Y2 +j§3 (aYls/an)(an/aYz)](YlS/Yz) (4a)
G

- [aYld/aY2 +j§3 (aYld/an)(an/aYZ)](Yld/Y2)' (4b)

e ‘elasticities in (4) differ from those in (2) by the value of the
rms multiplied by the ratio of the reference values for Y .
Yld) and Y2. In fact, a necessary conditiog for the elasticiti&s

fer from those in (2) is that the sums z (aYls/an) and X

; =3 j=3
ot equal zero. In general then, it is not ;ppropriate to use %he
ures in (2) when the model contains more than two endogenous

1s
yas et al. derive counterparts to the expressions in (4) when all
uations are linear in the parameters and the variables and when
lagged dependent variables. Briefly, their approach is to partition
equations into two subsystems. The first subsystem contains the
‘for the endogenous variables, say Y, and Y,, for which total
; (flexibilities), denoted by ‘12 an&&or € 1> are sought.l’ The
stem contains equations for the remaining G-a endogenous variables,
-, The framework developed here is similar to that presented in CHJ,
t the maintained hypothesis of linearity.

out loss of generality, assume the G-equation system can be written

Y, - £1(Y,, X., X) + v (5a)
Yz e f2 (Ylv X 1 .}.(.) + U.2 (Sb)
I' = i(Yl: er I-! K) + E (50)

(W, u,, u.)' is a G-vector of additive disturbance terms with mean
T0 and variance-covariance matrix I. The approach used by CHJ is to
€ Partial reduced form for the subsystem in (5¢) where the endogenous
Y. are expressed only as functions of Y., Y,, and X. That is, an
1 2
N of the general form:

I' -g(Yll Y21 }_{ ' .‘-l) (6)

S




Y =, g.(Y, Y, X u), x) + U = £(Y

which can be €xpressed in implicit form as:

10 Yoo Boww -y - 10 Y X w) - -0, (8)]
Assuming the Partial derivatives of F. with respect to its arguments are:
continuous and well defined, and that 3F1/3Y1 = (1 - 3f ) % 0, then equation (ayf
locally defines Y, as a function of Y, exogenous variabies X, and equation error
terms. Incorporated into the implicit equation (8a) are the adjustments that
would occur in Y. as a result of a change in v or Y,. The result is that a1]

from a change in Y,. Specifically, 3/

dy aF, /3y 3t /aY of,  af. ag. of, ag.

el Syt : Sk 3 [—l+-—l—g—u - =L 20 (9)

dY2 aFl/aYl (1 - afl/aYl) 6Y2 ay. aY2 dY. ay
The multiplier in (9) measures the total effect of a change in Y, on v In
other words, (9) measures the change in Y1 resulting from a change if Y, when all
remaining endogenous variables are allowed to adjust to the change in vy The

corresponding totdtll slasticity glexibibity) is obtained by multiplying (d%l/dY
by the ratio (y /Y,) where Y1 and Y2 are reference values for Y, and Y5,
respectively, Ig, g%r example Yl represents quantity dema eq)and o denotes
retail price, then the total elasticity €1 = (dYI/de)-(Y /Y2) measures the
total quantity demand response as retail przce is éXogenously varied,

An expression analogous to (9) that measures the total response of Y. to

a change in Yl is: 2
- ks e R
le an/aY2 (1 - 5f2/aY2) ay Y. ay dY. ay

Several obsefvations regarding the above results are in order. First, the
inverse of (9) will not, in general, equal the total flexibility in (10), a
-» Houck, Colman
and Miah, Chavas et al., and others. 1In fact, a sufficient condition for the
inverse of €12 to equal ¢ 1 is that 31./6Y1 - dY./3Y, = 0 and that af /8Y, =
1/(af2/aY 3 In generéi, however, the” inverse of a total elastic1ty
(flexlbiligy) will not equal the respective flexibility (elasticity).
Second, the total Tesponse measure dy /dY, will not in general equal the
corresponding partial response measure, 6Yl 6Y2. Only if BI./BYI - ax./aY2 =0
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. = 0 will the total effect equal the partial effect. In the first
Y ag,/aY2 = 0 implies the second subsystem of G-2 e€quations is not
nly’ and Y,. The second condition implies the equation determining
function of endogenous variables Y. Lastly, the results in (9) and

many situations, lagged dependent variables are an intrinsic part of the
Scification. In many agricultural models, for example, lagged dependent
are included on the basis of the adaptive expectations hypothesis
d Cummings). Sequential or stage-wise production Processes, as well
pnal expectations models, also give rise to complicated dynamic
tions. Autocorrelation terms also represent an additional source of
esponse. It is therefore useful to consider how the above results can

Y. = £

IS TR S A R 2e-10 Lopg) +uy, (11b)

X-t e 'f_"(Ylt, th! x-t, Xt: Ylt"'l' th_ln X.t'-l) * E-t (11C)

subscripts have been added to all variables and where, as before, the
3s been partitioned into two subsystems: one endogenously determining Ylt

ven Y. and the other determining Y. given Y. and Y, . Observe that
h only first-order lags are include » the lag structdre is general in

- that lagged values of all endogenous variables are permitted to enter
tion.

Specifically,
m (llc),

e Yoo oo Yyego Yoo ) Xop gy wey), G2
tained in a fashion analogous to that in (6). The difference between

6) and equation (12) is, however, that (12) includes lagged endogenous

As before, substituting (12) for I't in equation (1lla) yields an
“€quation of the form:

(Y
St Yoo, L. Ve Y2t—1' Xp ege B (13)

-~

Y. - -k -
e = B(her Yoo K Y, o, Yoe1r Xoppr W) —uy =0
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which, as in the static case, can be used to define locally an explicit function §
for Ylt of the general form: ]

X

Ylt B gl(YZt’ =t Ylt—l' YZt—l’ l"t:--l’ Hopr Uped. (14) ;"

Equation (13) or, analogously, (14) can be used in conjunction with the
results in (9) to obtain a local estimate of the immediate-run total responge
multiplier, le /dY ¢+ Indynamic models, however, interest focuses additionallyf
on obtaining es%ima%es of intermediate- and long~run total response multiplierg :
(elasticities). HS derived counterparts to (12) and (14) for the case where the
model in (11) is linear. They note, however, in the general case where lags on
all endogenous variables are included, analytical expressions for intermediate. |
and long-run total résponse multipliers for Ylt with respect to Y2t cannot be. |

context of the present model, they Suggest ordering the equations so Y, |, as
determined from (14), is evaluated first. They then suggest "plugging; the |
resulting estimate of Y » conditional on the reference value for Y » into (12)

to obtain an updated esgfﬁate for X't' The model can then be solved iterativelyf
with values for b implied by "(12), used in the subsequent iteration to &
solve for Y . € entire iterative Process can be repeated after perturbing &

t A X - p
the reference value for Y and numerical estimates of the intermediate—run
multipliers for Ylt inferré%. :

noting their method is equivalent to simply solving the subsystem of G-1 ¢
equations determining Y. and X't’ holding Y, constant, To see this, note thatf
(14), the total response equation for Ylt’ was derived using partial reduced form
(12) to substitute out L - Yet, " as specified in (12), the variables
constituting Y. are themselves dependent on Y, . Hence, the procedure advocated
by HS for obtaining total Tésponse measures is akin to solving simultaneously the
G-1 system of equations in (12) and (14 or, equivalently, in (lla) and (11lc), &
for alternative reference values of Y. This approach is similar to the one
advocated by Fair for estimating po icy effects in nonlinear models. The §
distinction is, of course, that in the present case the "policy effects" pertain §
to shocks in one or more of the endogenous variables. d

III. Model Specification and Estimation Results
The aggregate dairy sector model presented here includes both farm and;i

retail components. The model consists of seven behavioral equations and two |
definitional identities, Equations for heifer and cow numbers and Production per §

1988. Where necessary, corrections for first-order autocorrelation were made.
Estimation results for each behavioral equa
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gns for dairy cow (COW_) and heifer (HEF_) numbers are specified
tion about the biological lags governing inventory response. Since
elationships included in the cow and heifer inventory equations are
subsequent simulation results, we briefly review their

r. a population of animals X, at time t consisting of n age
- n
’xjt’ j =0, ... , nwhere, by definition, X, =2 th. m being the

=m
e at which reproduction can occur.® Let ¥ deélne the (constant)
n rate and k, denote the survival or retention rate of animals of
L0 < k, & %'i. Hence, survival is governed by the first-order
: ; = ) % ¢ % el " :
equation X0l t+1 kj,t xj,t for 0 < t < n-1. Noting that with the
cence equation, the adult population of age j at time t, xjt’ can be

J
B L R
that the dynamics of the adult population can be characterized as
= n n J
X =3 X,, = I X [ I kj—i t-i]' (15)

t j=m JE j=m 0,t=] i=m
15) forms the basis for the ecification of the cow inventory
Defining k, i M [1 + exp(;tﬂ)]_ where x_ is a vector of exogenous
B a paramet%t vector, and Xy t—j = HEF_, where HEF_ denotes the number
ear-old heifers, we obtain therpeciflcation for” the cow inventory
lin table 1. Economic factors, including lagged values of the farm milk
cost ratio (FPM/FC) and the slaughter price-feed cost ratio (SP/FC)
me t-j), are allowed to condition retention rates in the cow inventory
Other variables included in the retention rates in the cow inventory
re the age of cows (AGE), price-ratio, age interactions, and the
of two-year-old heifers ready to enter the herd (HEF/COW).
ilar logic is used to specify the heifer inventory equation. Assuming
-» one calf per year) and that approximately half of all calves born
e, it follows that the number of two-year-old heifers today is
d by Xop = 'S(kl,t—l'ko,t-z)xt—Z' Again, letting
ig-2 ™ [1+ exp(gtﬂ)]_ we obtain the general form for the specification
fers equation in table 1. The proportion (kl t—l'kO t—2) is a function

atios (FPM/FC and SP/FC) and, following Chavas and Klemme, is specified
on prices at t-1 and t-3.

complete the specification of the supply block, production per cow
S sSpecified as a linear function of the current milk-feed cost price
_?Pﬂt/FC » and a linear time trend. The trend is included to capture
¥0gical advancement in production per cow. Since current farm price of
#ers the yield equation, it is estimated using 2SLS.

€ results in table 1 indicate all estimated supply equations fit the data
ly well, with the heifers equation exhibiting the weakest performance.
» all price variables have theoretically acceptable signs and many of the
d coefficients are statistically significant. An assessment of the
implications of the estimated supply model is presented in the following

Block and Price Determination
€ model is completed by adding equations determining average farm price
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Fluid demand (FUt) is estimated in per capita terms and jg Specified a4 a;
function of the retail price of fluid milk (RPFM_), the Price of non-alcoholic{
beverages (PNABt), pPersonal disposable income (PINC ), a linear time trengd (t), &

the expected signs. k-

Manufacturing demand (MU ) is estimated in Price-dependent form, with the'f
real price of class II milk (PMﬁt) as the dependent variable. Other explanatory'?
variables included are the price of fats and oilg (PFO_), a linear trend, ang 3
lagged real,manufacturing Price. aAll Prices are de ated by the CpT. As
reported in table 1, #ll estimated Parameters have acceptable signs ang all are
significant at conventional levels,

The real retail fluid Price (RPFMt) is specifieqd as a constant mark-up over
the real farm price of fluid milk (FPFM ), Marketing costs (MCOST ) and a lineayr

statistically significant, although the negative sign associate with marketing
COSt is anomalous.

The nominal farm price of milk (Fpy ) is Specified as time—varying
Proportion of the weighted averages of the arm price of fluig milk (FPFMt) and
the price of manufacturing milk (PMMt). The weights are derived as the
Proportion of tota] milk production going into fluigd uses and non-fluid uses,
respectively, Since federal milk marketing orders are regional, it ig not
Possible tg construct a "tryen blend Price. Hence, we assume the farp Price of
milk is 4 time—varying Proportion of the implied national average blend price, 4
As illustrated in table 1, the eéstimated farm Price equation fits the data well.

The final equation is for CCC removals. While ccc removals are ip
Principle exogenous, preliminary estimates of long-run tota] response measures
failed to accurately POrtray the types of adjustments that would be required in

mean path elasticities and flexibilities with respect to both exogenous and
endogenoug variables, The methods used for obtaining Partial and tota]
elasticities and flexibilities are similar to those described by Fair,
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1ly, the estimated model is solved at the means of the sample data using
-Seidel algorithm. The reference- value for the exogeno&; (endogenous)
of interest is then altered and the model re—-solved It is thus
= to obtain numerical estimates of partial and total mean path response

Response with Respect to Exogenous Variables

ermediate run elasticities for selected endogenous variables with
to feed cost and the price of other fats and oils are reported in table
fexpected, the initial impacts of a change in feed costs have small initial
on heifer and cow inventories, as well as total milk production. The
on response increases in magnitude, however, for approximately 40

e response of CCC removals to a feed cost increase is large and negative
first 60 periods, and the decline in CCC removals more than offsets the
in production. The net effect of the CCC response is that elasticities
d and manufacturing demand for milk turn positive after 10-15 periods.
ely, impacts on fluid, manufacturing, and farm prices become negative
I5-20 periods, due of course to the increase in fluid and manufacturing
5. Because price impacts turn negative after 15-20 periods, impacts on
ilk production begin to decline in magnitude after 40 periods and actually
positive after 70 periods.

he initial response to an increase in the price of other fats and oils is
ease the demand for manufacturing milk, and thus to increase prices. The
ng price increase stimulates production, as well as heifer and cow
on, the result being the production response increases in magnitude for
mately the first 25 periods. The initial response of CCC removals to
] manufacturing demand is negative; however, higher production coupled with
r price for manufacturing milk causes the impact on CCC stocks to turn
e and rise sharply for the following 25 periods. The net effect of higher
turing demand and higher CCC removals is that the fluid demand response
er negative of negligibly small over the entire period. Due apparently
» the production cycle peaks after 25 periods, declines,
ually becomes negative after 40 periods.

Wowe o =y

M o w o~

® Q.o

ot

Response with Respect to Endogenous Variables
dditional insights into dynamic properties of the model can be obtained
ining total mean-path elasticities and flexibilities with respect to
nous variables. Total elasticities and flexibilities for selected
lous variables with respect to production per cow and retail fluid price
Ported in table 3.
The initial production response to an exogenous increase in production per
of course positive (figure 1). Higher production levels result in lower
(figure 2) and, accordingly, higher manufacturing and fluid demands.
farm prices result in a negative inventory response, thus providing an
ting response to the positive effects of production per cow on total milk
tion. The net result is that after approximately 40 periods, the inventory
S€ completely offsets the yield response, causing the long-run total
city of milk production with respect to production pPer cow to stabilize
Zero (figure 1).
Prices respond to an exogenous change in production per cow in a non-
Onic fashion (figure 2). Due to higher production levels, prices fall
ally. But at the same time, CCC removals are increasing at a proportionally
Tate than fluid and manufacturing demand. After 10 periods, "squeeze-

©®HD 0D -
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out” fluid and manufacturing uses, resulting in positive price flexibilities;;
In the long rune, however, all Price flexibilities with respect to Production pe,
Cow also stabilize near zero,

The dynamic response of the sub-system with respect to a change in the

Price results in offsetting increases in manufacturing use and CCC removals. The Q
result is that manufacturing and farm prices are, in turn, reduced. Lower Prices
in turn reduce incentives for Producers to retain cows and heifers in the dairy ¢
herd, thus resulting in a negative production response. Lower Production, ip .
turn, results in ccC removals eventually turning negative, with the net effect 3

first 50 Periods, being compensated for ultimately by Proportionally higher 1
manufacturing use, Higher manufacturing use is accompanied by lower
manufacturing and farm-level Prices. This Pattern continues until the dynamicg

V. Conclusions

This paper has sought to refine and extend methods for obtaining total
elasticities and flexibilities in systems of simultaneous equations,
Specifically, we have explored ways of obtaining total dynamic response measureg
in systems of nonlinear €quations. Both the concept and implementation of total

To illustrate the potential of the total response approach, a model of the
U.§, dairy sector was Specified and estimated. Due to the inclusion of dynamic
terms reflecting pPopulation adjustments in the cow and heifer inventory
e€quations, the resulting model is highly dynamic and nonlinear. The mode] was
then used to obtain total elasticities and flexibilities with respect to
Production Per cow and retail fluid price of milk. In both instances,
intermediate-run elasticities varied widely in terms of both signs and magnitudes
over the simulation Period. The implications is that the dynamic interactions
occurring in the dairy industry are highly complex—complexities which cannot be
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Endnotes

le equation, Specifically, the formulation in (5) assumes any
icit equations can be normalized to determine directly a single

dogenous variable.

'Clceg |

dairy ¢ der for the multiplier in (9) to be defined, it is of course
n, in } : sary that 3f. /3y, = 1, a sufficient condition for the local existence
ffect & an explicit function relating Y. to Y,, X, and model error terms. We
Y the § e throughout the conditions Or existence of total multipliers are
igher

‘results obtained by HS contrast with those of CHJ in that the latter
sume only lagged values for Y and Y ¢t enter the model. As CHJ
geest, the implication for linear model “Structures is that the total
sponse equation (14) can always be recast as a System of first-order
fference equations by appropriately redefining the lags and increasing
e dimensionality of the state space (Chow). It is this manner it is
ssible to obtain analytical expressions for the intermediate- and long-
un total multipliers for Y. with respect to Y ¢+ Similar methods could
1lso be applied to nonlinear ‘models, but only i% the lag specification is
tricted to include Y and Y Otherwise, as HS note, the results

.ons .
ures btained by CHJ do not apply to éﬁ% more general case because a change in
otal will have a delayed impact on Y. Moreover, delayed changes in Y.
t the %fect the intermediate-run multipliers for Ylt'
; the :
At first glance this result May seem counterintuitive, yet it closely
tPe pParallels in concept the framework described by Thurman and Wohlgenant for
amic identifying and estimating general equilibrium demand functions.
tory :
was It is assumed that age j and time t are measured in the same units.
to -
ces, fMarketing cost is the average of the wage rate in the food manufacturing
ides Sector and a transportation cost index.
lons
t be The numerical Procedure used for obtaining partial and total mean-path
_ multipliers is equivalent to taking one-sided numerical derivatives of the
:is model’'s implied reduced form.
.ous
ver References
in
per Ti, H. and J. T. Cummings . "Estimating Agricultural Supply Response with the
res Nerlove Model: a Survey." Int. Econ. Rev. 18(1977):257-92,

» R. C. r"Total Elasticities—a Predictive Device." J. Farm Econ,
40(1958):881—91.




88

Chavas, J.-p,, z. A. Hassan, and S. R. Johnson,. "Static and Dynamic
Elasticities and Flexibilities ip Systems of Simultaneous Equations, »

Agr. Econ, 32(1981):177—87.

Chavas, J.-P. and R. M. Klemme. "Aggregate Milk Supply Response and -
Investment Behavior on U.S. Dairy Farmg, ® Amer. J. Apyr. Econ,
68(1986) :55-66. 4

Colman, D. and H. Miah. "ape Direct Elasticities the Inverse of Direct
Flexibilitieg?" J. Agr. Econ, 24(1973):364-68.

Holt, M. T. and K. D. Skold. "Dynamic Elasticities angd Flexibilities in a 3
Quarterly Model of the U.S. Pork Sector." Appl. Econ, 21(1989):1683- .
1700. k.
Kaiser, H. M., D 1 Streeter, and D. J. Liu. "Welfare Comparisons of U.s.
Dairy Policies with and without Mandatory Supply Control. " Amer. J. Agr,

con 3

LaFrance, J, T. and H. de Gorter, "Regulation in a Dynamic Market: the U.s.
Dairy Industry. » Amer, J. Agr. Econ, 67(1985):821-32

Meinken, k. Wep &; 8. Rojko, and G. A. King. "Measurement of Substitution in
Demand. " J. Farm, Econ, 33(1956):733-3 .

Thurman, v, N. and M. K. Wohlgenant . "Consistent Estimation of General
Equilibrium Welfare Effectg, Amer. J. Agr. Econ. 71(1989):1041—45.




89

Estimated Equations of the Dairy Supply-Demand Model.

nt Heifers (ML)2/

(.5 COW__,)/[ 1+ exp(1.4833 — 1363 (FPU _1/FC,_;) = 2.1571(FBN__,/FC, .)
t-2 (.656) (.595) L 1T 7539y =3 Te-3

+ .129(sP__. /FC _1) + .109(SP__./FC _al
(.081) t-1 t-1 (.083) t-3 t-3

R? = 0.743

of Producing Dairy Cows (ML)

i
= ¥ (HEF _.)/{H [ 1+ exp(9.765 - 4 .434(FPM _ /FC - ) + L472(SP _./FC _.)
‘ S = ] (2.256) (2.210) 37 T17 Ty i E]

- 2.821-AGE + .994(FPM

/FC,_.)-AGE — .095(SP__, /FC__.)-AGE
(.588) (.575) ' b=y e

& (.069)

+ 2.659(HEF,__, /COW__.)-(AGE — 3)])
(.687) I t]

R2 = 0.969

Vctio Per Cow (2SLS)

5832.0 + 721.11(FPM /FCt) + 239.28t

(481.21) (330.27) (6.054)

R? = 0.991

cage Farm Price of Milk (25Ls)
= (1,233 - .00596t)[FPFHt(FUt/HPRODt) + PMMt((MUc + CCCt + NCRt)/MPRODt)]
(.246) (.00112)

R? = 0.994

Class II Milk Price (2SLS)

M /CPI ) = 4.011 - .000106 MU, + .0417(PFO_/CPI ) + .0828 t
(3.124) (.00005) (.0134) (.0487)

+ .734(PMM__./CPI___)
(.101) t-1 t-1

R? = 0.889 p = —0.240

A
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Table 1. (Continued)

Real Retail Fluid Price (25Ls)

Per Capita Fluid Demand (25SLs)

(FUt/POPt) = 137.54 - .514(RPFMt/CPILFt) - .0692(PNABt/CPILFt)
(65.740) (.161) (.0632)

+ 4.598(PINCt/CPILFt) - -2.407 ¢t + .673(FUt_1/POPt_1)
(2.637) (1.082) (.196)

A

1* - . 508 2 = 440

ccc Removals (2SLs)

Note: Identities used to closge the model include:
ota 1k oduction:

HPRODt - (COWt-YLDt)/IOOO

Market Clearing:

MPRODt - F'Ut + MUt - CC(:t - NCRt

Farm Price of Fluid Milk:

ML denotes estimation
on by two-stage least
=1=13+3,
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Mean Elasticities and Flexibilities with respect to Selected
Exogenous Variables.

HEIF cow MPROD FU MU RPFM PMM FPM

Percent Change in Feed Costs

0.000 0.000 -0.1046 -0.006 -0.107 0.027 0.054 0.056
0.115 -0.043 -0.142 -0.016 -0.127 0.051 0.102 0.104
0.117 -0.053 -0.149 -0.026 -0.113 0.065 0.130 0.130
-0.558 -0.064 -0.159 -0.034 -0.109 0.075 0.149 0.147
-0.522 -0.074 -0.168 =-0.041 =-0.102 0.080 0.159 0.157
-0.506 -0.062 -0.157 -0.045 -0.076 0.078 0.154 0.152
-0.523 -0.141 -0.238 -0.039 -0.037 0.050 0.100 0.106
-0.823 -0.471 -0.572 -0.014 0.050 -0.003 -0.006 0.028

.195 -0.110 -0.219 -0.150
485 -0.299 -0.585 -0.469

-1.239 -0.821 -0.938 0.044 0
-1.786 -1.278 -1.424 0.153 0
-2.513 -1.812 -2.004 0.346 0.954 -0.597 -1.134 -0.967
-3.370 -2.088 -2.327 0.672 1.093 -0.872 -1.611 -1.417
-3.211 -1.849 -2.09 0.692 1.014 -0.851 -1.566 -1.391
-2.635 -1.284 -1.517 0.579 0.732 -0.678 -1.245 -1.119
=(r.921 0.180 0.054 0.134 -0.417 0.013 0.024 0.026

L.135 0.966 0.942 -0.387 -0.589 0.487 0.893 0.822

Percent Change in Price of Fats and Oils

0.000 0.000 0.028 -0.030 0.204 0.126 0.254 0.235
0.016 0.026 0.066 -0.062 0.348 0.182 0.365 0.334
0.022 0.054 0.098 -0.087 0.439 0.200 0.399 0.363
0.227 0.084 0.128 -0.103 0.499 0.198 0.395 0.356
0.324 0.091 0.134 -0.113 0.516 0.193 0.383 0.344
0.370 0.089 0.130 -0.118 0.517 0.188 0.374 0.335
0.351 0.163 0.195 -0.110 0571 0.148 0.297 0.260
0.519 0.406 0.441 -0.102 0.488 0.164 0.329 0.280
0.823 0.601 0.658 -0.147 0.374 0.253 0.504 0.436
1. %27 0.739 0.823 -0.221 0.256 0.362 0.708 0.628
1.133 0.489 0.561 -0.244 0.520 0.304 0.578 0.523
-0.020 0.021 0.035 -0.042 0.646 0.059 0.109 0.102
-0.191 -0.078 -0.077 0.010 0.689 0.003 0.006 0.009
=0.195 -0.137 -0.142 0.020 0.768 -0.028 -0.051 -0.043
-0.138 -0.161 -0.169 0.015 0.841 -0.038 -0.070 -0.061
-0.066 -0.145 -0.151 0.004 0.870 -0.028 -0.051 -0.043
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Table 3. Total Elasticities and Flexibilities with respect to Selected
Endogenous Variables.

Period HEIF cow MPROD FU MU RPFM PMM FPM

Percent Change in Production Per Cow (YLD)

; 0 0.000 0.000 1.000 0.038 0.661 -0.162 =0.325 -0.359
; 1 -0.024 -0.046 0.949 0.078 0.442  -0.226 =0.450 -0.477
2  -0.032 -0.095 0.895 0.109 0.333  -0.246 -0.489 -0.503

3 -0.368 -0.145 0.840 0.130 0.276 -0.248 =0.490 -0.500

I 4 =0.501 -0.179 0.803 0.141 0.221 -0.236 -0.466 -0.475
5 =0.567 -0.204 0.776 0.144 0.188 -0.219 =0.433  -0.443

| 10 -0.571 -0.394 0.567 0.074 -0.063 =-0.043 -0.086 -0.109
15 -0.527 -0.575 0.368 -0.012 -0.084 0.055 0.110 0.082

20 -0.469 -0.53%1 0.416 -0.055 =0.152 0.107 0.213 0.177

i 25  -0.300 -0.446 0.510 -0.103 -0.24¢ 0.179 0.350 0.30s5
30 -0.195 -0.469 0.484 -0.144 -0.242 0.210 0.401 0.358

40 -0.859 -0.881 0.031 -0.026 -0.029 0.013 0.025 0.022

. 30 -0.929 -0,943 -0.038 0.005 0.029 -0.019 =0.035 -0.032
' 60 -0.892 -0.935 -0.028 0.001 0.045 -0.013 =0.024  -0.022

70 -0.871 -0.909 0.000 -0.005 0.025 .001 0.002 0.002
80 -0.881 -0.891 0.020 -0.006 =0.006 0.010 0.019 0.018

o

| Percent Change in Retail Price of Fluid Milk (RPFM)

0 0.000 0.000 -0.010 -0.231 0.152 - -0.076  -0.085
1 -0.006 -0.010 -0.031 -0.380 0.212 - -0.160 -0.171
2 -0.011 -0.029 -0.058 -0.474 0.226 - =0.227 -0.239
3 -0.091 -0.055 =-0.090 -0.535 0.218 - -0.272 -0.283
4 -0.180 -0.074 -0.112 -0.575 0.207 - -0.300 -0.310
> -0.258 -0.091 =-0.132  -0.602 0.195 - =0.315 -0.325
10 -0.418 -0.223 =-0.258 -0.647 0.124 - -0.282 -0.289
15 -0.618 -0.493 =0.529 -0.653 0.208 - -0.327 -0.316
20 -0.964 —-0.762 -0.817 -0.654 0.358 - -0.518 -0.481
25  -1.404 -1.088 -1.176 -0.654 0.638 - -0.840 -0.773
30 -1.943 -1.379 =1.511 -0.654 0.968 - -1.235  -1.143
40 -1.360 -0.518 =0.599 -0.654 0.217 - -0.639 -0.617
50 -0.003 0.068 0.060 -0.654 0.005 - -0.026 -0.052
60 0.129 0.124 0.125 -0.654 -0.017 - 0.037 0.007

70 0.127 0.130 0.131 -0.654 -0.030 - 0.044 0.013
80 0.117 0.129 0.131 -0.654 -0.037 - 0.043 0.013
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Figure 1. Total supply elasticities with respect to production per cow
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Figure 2. Total price flexibilities with respect to production per cow
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Figure 3. Total supply elasticities with respect to retail price of fluid milk
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Figure 4. Total price flexibilities with respect to retail price of fluid milk
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