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DYNAMIC ADJUSTMENT fN THE U.S. DAIRY INDUSTRY

ABSTRACT

A dual quel i used to examine the dynamic structuie of the U.S.
dairy industry. Propertieg implied by the theory of the competitive
firm and independent adjustment'of.tvé quagi-fixed inputs, labor and
herd size, are tested and not rejected. Instantaneous adjustment,
hovever, is soundly rejected for each quasi-fixed input. Input
adjustment to optimal levels is eastimated to take about two years for
labor and ten for cows. Quality adjustments‘of the labor and cow series
do not fully embody the techhological change that has occurred in this

industry over the study period.



DYNAMIC ADJUSTMENT IN THE U.S. DAIRY INDUSTRY

The supply side of the dairy industry has beén the subject of
several recent studies, motivated largely by government needs to
anticipate the effects of possible policy changes. Both single-equation
and multiple-equation econometric studies have estimated milk supply to
be very 1inelastic in the short run, and a number have even found the
price of milk in the supply function to be not significant (Wilson and
Thompson; Prato). The long-run supply is estimated to be more elastic in
these studies, as one vould expect. The greater responsiveness of
producers to relative price changes in the long run can be explained by
the possibility of chénging herd size and other quaéi-fixed inputs and by
genetic improvement as cows are replaced. Herd size and the factors
affecting it are of particular concern nov with the dairy herd buy-out
program in progress.

Herd size has been coneidered an endogenous variable in several
dairy supply models (Halvorson; Wilson and Thompson; Prato; La France and
de Qortef; Chavas and Klemme). Each of these studies used some sort of
lag structure to acknowledge that decisions made today about breeding or
culling covs, retaining heifer calves, or genetic improvements through a
breeding program take one to three years before their impact is felt. An
estimate of the actual rate of adjustment from currenf to degired herd
levele can give policy makers a time-frame for the impact of policy

decigions. Dynamic models are required, hovever, for such estimation.



Dynamic models have been applied in various forms, primarily in
partial adjustment and flexible accelerator models. Three recent models
of the dairy industry that incorporate dynamics do so by .using lag
structures to model changes in the dairy herd (Dahlgran; LaFrance and de
Gorter; Chavas and Klemme). These models appear to represent the dairy
industry well, but incorporate dynamice in a largely ad hoc nature. More
than a decade ago, Nerlove (p. 293) noted that the applications of
distributed lag models in empirical economic studies ",..is astounding,
but, what is more remarkable, 1is the virtual lack of thecoretical
- justification for the lag structure superimposed on basically static
models. "

Dynamic models that are consistent with the theory of the firm have
also been derived from applications of optimal control théory but have
not previously been used to examine the dairy industry. Primal and dual
mbdels can be derived from an intertemporal value function in the form of
a Hamilton-Jacobi equation that is the present value of a stream of
future pfofits (or costs)l. The behavioral equations may be obtained via
a primal approach using first order (to the Hamilton-Jacobi equation)
Eulér equationg, or one may appiy the envelope theorem to the wvalue
function to directly obtain the behavioral equations. The primal
approach wvas developed by Treadvway, and has been applied to U.S.
ménufacturing by Berndt, Fuss, and Watkins, and to the Canadian food
processing industry by Lopez. The dual approach is based on results by

McLaren and Cooper that have been formalized by Epstein, and have been



used in empirical studies of U.S. manufacturing by Epstein and Denny, and
U.S. agriculture by Taylor and Munson, and Vasavada and Chambers. The
primal approach is limited to either modeling only one quasi-fixed input
or assuming independént adjustment between twvo or more quasi-fixed
inputs. This study will use the dual approach, as ve vish to model more
than one quasi-fixed input and to test for independent adjustment rather
than assuming it.

The purpose of this study is to examine the dynamic structure of the
U.S. dairy industry. Rates of adjustment of two quasi-fixed inputs,
labor and herd =eize, are estimated using a dynamic dual approach.
Properties consistent with the theory of the competitive firm are tested
as are the hypotheses of independent and instantaneous adjustment of the
quasi-fixed inputs. The model is estimated using annual data for 1951-
1982, a period of rapid technoiogical change. Quality indexes for labor
and covws - are constructed to adjust the data prior to estimation, and
teste are conducted to determine whether the technological change that
occurred during thie period is fully embodied in these indexes.

The next section gives a brief overviev of the theory of the dynamic
dual model. The empirical model empi;yed in this study, together with a
description of the data and the quality indexes, follovw. Resulte of
theoretical and structural tests, along with short- and long-run
elasticities, are presented in the final sectiop prior to the

conclusions.



The Dynamic Model
Ta establish the relationship betveen the productien function,
restricted profit function, and‘intertemporal value function, first
consider a profit maximizing, competitive firm with a static restricted

profit function,

(1) %MP,¥,Z) = max P£(X,Z) - W’X,

vhere P is price of output f(), W is a vector of prices of variable
inputs X, f£() is a "well behaved" production function (i.e., f is twice
continuously differentiable, concave over the relevant range 6f
production, fx' fz > 0), and Z is a vector of quasi-fixed inputs. The
duality between ¥() and f() is well known: a "well behaved® production
function is sufficient to obtain the relevant input demand and output
gupply functiong, as well asg the curvature properties of f(), from the
restricted profit function.

In wmany cases the short-run static model is all thai is necessary
for analysis.- In the present study, however, the objective is to examine
the nature of dynamic adjustments in the quasi-fixed inpute, Z, and so
the. static model is inadequate. In this case an intertemporal wvalue
function must be specified. At any point in time, t = 0, the firm 1is

presumed to act as though it solves the folloving dinfinite horizon

problem:

o - .
(2) J(P,W,C,r,ZO) = max . J e rt[PF(X,Z,Z) - W'X - C’'Z1dt

subject to X, Z 2 0, Zt = It - Gzt-l' and Z(0) = Z0 > 0, vhere C is



the rental price vector of the quasi-fixed inputs, r is the real discount

rate, I is gross investment in Z, 8 is the (constant)
depreciation rate, 20 is the initial endovment of 2, and Z iz the net
change in Z {(may be positive or negative). All variables are implicit

functions of time, 80 time =subscripts t are dropped to minimize
notational clutter.

Equation (2) 1s termed the "value function®™ and is central in
dynamic duality. The regﬁlarity assumptions of f£f() sufficient to
estéblish its duality with %() are presumed to apply also to F(). In
addition, it is assumed that F‘.z < 0, that the tiz é(t) = (0, and that J()
is tvice continuously differentiable, convex in prices, and concave in
quasi-fixed inputs. The first assumption implicitly maintains positive
adjustment costs; and the second aésures that a steady state (long run
equilibrium) exists for Z*(P,W,C). The last three assumptions insure
that both short run and long run solutions exist for the value function
maximum; they enable us to apply the envelope theorem to establish a
duality between J() and F().

Static prices are assumed in the model. This assumption of the
Harkovian property (Hillier and Lieberman, P. 3351) is that current prices
contain all relevant information about future pricee. As the base period
changes, new expectations sbout prices come into being. Decisions made
in period t are based on information available in that period. Reagons

vhy a firm that recognizes the cost of acquiring information may

rationally choose to formulate expectations in this manner vhile
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continuously updéting decigions subject to new informafion are outlined
by Chambérs and Lopez. | |

The value~ function in (2) can be’ thought of as the static
approximatioh of a anamic optimization problem. Assuming the regularity
conditions on F(X,Z,é) listed above and a constant &iécount rate, VJ()‘

satisfies the Hawilton-Jacobi equation for an optimal control problenm

vhich takes the forh:
(3) rJ(P,W,C,2) = MaxIPF(X,2Z,Z) - W’X - C’Z + JZZ],

vhere Jz is the shadow price of thebquasi-fixed:input.

The Hamilton-Jacobi equation allows us to trahsforﬁ the dynamic
problem in (2) into a more manageable form. ‘ Specifically, (3) states
that the value function is defined as fhe discounfed present value of the
current ﬁtﬁfit plus the marginal value of optimal chanée in net
investﬁent.2 Epstein (p.84-86) has shown that thé properties of F() are
fully manifested in the vglue ‘function‘ J(), given the regularity
conditiong maintained on F(). The Hamilton-Jacobi equation allows ué to
obtain (3) from (2) and vice-versa. Thus, a full dynamic duélity exists
betveen F(y, JO), apd rJ(). Application of the envelope thearem to (3)
permits variable and quasi-fixed input demand functions to bé derived in
" a gimple and direct manner. By differentiating equ;tion (3) with respect
to prices and fearranging, equationg for output supply and variable and

quasi-fixed input demands are obtained:

(4) F(P,W,C,2) =13_-J_ 2
P zp



(5) X(P,¥,C,2) = -rJ + J_ 2,
v zv

(6) 2Z(P,W,C,2) = J 'l(ch+2).

"

zc
If the value function has a form such that ch(P,W,C,Z) = (M - r)-1

vhere M is the rate of adjustment matrix, (6) can be expressed as a

mu;tivariate flexible accelerator model,
(7) Z(P,W,C,2) = MIZ - 2" (W,C)]

vhere 2*() ie the desired level of the Z matrix (Epstein p. 93). 1In such
a case rthe‘multivariate fle#ible accelerator model would be consistent
vith the underlfing theory of the firm. Further, as M + H, vhere H is a
negative identity matrix, producers'adjust instantaneoﬁsly to the desired
level of Z, - and Z shows no degree of fixity. The off-diagonal elements
in H are not necessarily symmeiric and measure the intefdependence’of the

Quasiffixed inputs. .

The Empirical Hodel
The - béhavior of the industry is modeled as a single  representative
fir& using aggregate data. - One should consider vhether it is reasonable
to model the dairy industry as a single representafive firm and vhether
the functidnal form used is ;onéistent vith aggregation. Thg lack of
firm-level data and the simplicity of an aggregate model as opposed to a
model ‘that "adjusts for each individual firm causes aggregaie data and

models to be frequently used. The dairy industry does consist of many

~|



price-taking firms, and thé.theoryrof guch firms suggests that in long-
~run competitive equilibrium all firms operate at the minimum average
cost. Blackorby and Schvorn (p. 600) have extended this line of
reasoning on aggregation to the case vhere there are firms with different
leveis of fixed factors. Given certain regularity conditiohs, it is
necessary and sufficient for consistent aggregation across firms that the
value function be affine in capital; i.e., that the value function have‘a
form such that Jzz = 0.

To express the net demand for quasi-fixed inputs in the flexible
accelerator form of equatibn (7), the value>function‘must alsoc have  a

form such that ch is nbt a function of (P,W,C).

Functional Form

" Folloving Vasavada and Chambers (1982), a func£ional form for the
vHamilton-Jacobi form rof the vaiué function (3) that meets the above
requirements and also maintains linear homogeneity and concavity of

quasi-fixed inputs is & modified generalized Leontief:

5 W'S <3

1 1'EC

(8)v J(P,W,C,2,T) = [P WI’AZ + C'M "Z + [P"
- 7 . C'S’FC'S . [P.S W'SJ‘G[P'S H'sl

+ THIP W C1]
vhere P is the average blend price of fluid milk, W is the price of
concentrates, Z is tvo dimensional and includes the number of dairy covs

in the U.S. that have calved and labor in the dairy se'ctcar,:3 C is +two

- dimensional and includes the annual average rental price of a dairy cow.
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in the U.S. - and the agricultural labor wage rate, T i year and i=s

included to capture the effecte of disembodied technological changg;

Parameters A, H-l, E, G, and F are each (2 x 2), and H is (1 x 4).
Equations (4), (3), and (6) are the estimation equations and are

appended vwith error terms to account for measurement errors and errors in

optimization. They are estimated using the form specified in (8), 2 is

approximated discretely as 2t - zt-l' Lagged milk price is used as a
proxy for expected milk price. Equatien (6) is nonlinear in parameters

and the quasi-fixed inputs are jointly dependent variables, so the system
iz estimated using nonlinear three-stage least squares (SYSNLIN, the
nonlinear estimation program in S5SAS). Instruments for the quasi-fixed
inputs are estimated using current input prices, lagged output price, and
lagged quasi-fixed input quaﬁtities. The resulting estimates are
eeymptotically efficient. Several very different =starting values
produced estimates identical to the fourth decimal, which suggests that a

global optimum was likely achieved.

Data

The'model vas estimated‘using annual data for years 1951-1982. The
quantity of milk produced in the U.S. (as approximated by the combined
marketings of milk and cream) and the average blend price for milk vere

from Milk: Production, Disposition, and Income (USDA, 1S51-1983b).

Pounde of concentrate fed per cov and concentrate price were from HMilk

Production (USDA, 1955-1583a). Concentrate prices before 1955 vere

computed from the milk/feed price ratio in the =same publication (USDA,



1951—1955). Prices of dairy cove were from Agricultural Prices (USDA,

© 1965, 1984a).

The rental price of cows vés computed as a discounted streém of
payments on a replacement heifer kept for threé lactations ﬁhat vould
maker a producer indifferent between paying three annual payments or é»
‘cash purchase price. The salvage value vas assumed equal +to the
maintenance cost of the cow.

The number of cows that have calved vas from Milk: Production,
Digpogition, and Income (USbA, 1951-1983b). The productivity of cows in
- the U.5. has increased dramatically over the perioa in question through
breeding, improved management, and feeding practices. The usua; practice
of ~accounting for productivity changes due to disembodied technological
chénge ig to add a trend term to the behavioral équations. In thie study
at  least part of the'technological‘change that _has faken place wvas
embodied by using a quality index on the cowvw numbers. The ' index was
domputed by adjusting average U.S5. wmilk yieldv(1982 base) by the‘avgrage
prediéted difference fo; ’milk (PDH) for Holstein (the dominant dairy'
breéd) bulls in the U.S. Only the PDM for bulls was uéed rather fhan a
veiéhted éverage of bulls and cows because the cowe used t6 compute dam
PDM account. for less than ten percent of the U.S. registered ﬁolstéin
herd. The bull PDM is based on data from all Holstein bulls used for
artificial insemination (AI) in thé,U.S. Since about half the dairy covs
in the U.S. are bréd by AI, this conétiiuted a muchAbroader sémple.

The bull PDM vas lagged four years. Heifers are typically bred at

10



approximately tvo years and begin wilk production at about three years of
aQe. Another year 1is added to allow for commercial distribution of
gemen. In addition, an exploratory analysis of quality indexes basged on
lags of three - five years produced models with unstable rates of
adjustment for the alternative lag lengths;

The Holstein Association has maintained PDM records for Al bulls‘
since 1950. PDM’'s for 1947-15949 vere predicted by a linear regression of
PDM on year. This OLS equation fit the data with R2 = ,98 and F = 784,

Labor quantity, in annual average number of workers per year in the

U.s. dairy industry,v vas computed by taking the amount of labor in U.S.

agriculture and multiplying it by the percentage of total u. s.

agricultural labor hours used in dairy from ‘Economic Indicators of the

Farm Sector (USDA, 1965, 1983b). Total agricultural labor wvas combined

family and hired labor from Agricultural Statistice (USDA, 1956-1981) for
the 1956-i980 period and from tables provided by the National Economics
Division, USDA, for 19350-1955. @uarterly farm labof surveys that
generated the annual labor data were discontinued after April, 1981i.
Annual labor data for 1981-1982 were extrapolated from farm labor
surééys of April, 1981, and July, 1982. Wage rate indexes for 1931-1980
vere obtained by dividing the total expenditure on hired laborr by the
numbér of hired workers. Expenditures for 1950-1979 vere from Farm

Income Statistics (USDA, 1979), and for 1980 from Economic Indicators of

the Farm Sector, (1980). Wage rates for 1981-1982 vere computed by

adjusting the 1980 wage rate by the rate of change of the average hourly

il



vage rate from Agricultural Statistics (1980-1983).

The technological change in labor quality that occurred largely f:om
improved education over the period modeled vas embodied by using a
quality index on labor. Quality indexes for both family and hired lébor
estimated by Gollop and Jorgenson and extended by Ball ‘vere used to
adjust labor. Ball’s indexes are for the periéd 1948-1979, ’and vere
extended to 1982 by predictipns from a8 linear regression on time. This
line;r model fit the data with Rz’s of .98 for both the ﬁired and family
labor indexés. The rental prices for cows and the wage rate for labor
vere bcomputed by diyiding expenditures by the quality-adjusted
quantities.

The extent of collinearity 4in the independent variable matrix
(including instruments for jointly deﬁendent variables appearing on the
right hand side of the equations) was assessed by computing the condition
ihdex ag a diagnostic. Scaling and centefing the X’X matrix of
independent variables resulted in a condition index of S39. This

suggests moderate but not strong collinearity (Hocking and Pendleton, p.

503).
Resulte and Diecussion
The parameter estimates of (8) are reported in the first column of
Table 1 (the unrestricted model). Half of the parameters vere

gignificant at the 5 percent level, vhich was quite robust compared to
other estimated dynamic dual models (e.g., Epstein and Denny; Vasavada

and Chambers, 1987). The model explained nearly all of the variation in

e
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the input demand equations, but very little in the output supply
equation. The R2 for the milk supply, feed demand, cow demand, and labor
demand equations were .11, .97, .99, 8&8nd .98 respectively. The
adjustment rates for covs (Hll) and labor (H22) vere -.127 and -.426,
respectively, and each significantly different from -1.0, indicating that
both cows and labor exhibited quasi-fixity. Vasavada and Chambers (1987)
estimated a much slower labor adjustment of -.069, but they modeled total
agficultural labor rather than labor in a specialized subsgector, =as in
this model. The s8lov adjustment of cows is consistent with the very
inelastic short-run milk supply found in previous studies. The rate of
adjustment of cows cannot be compared to other dynamic models of the U.S.
dairy industry as the others have not explicitly estimated a rate of
adjustment. Other studies have estimated the rate of adjustment of
capital 1n aggregate agricultural production; their estimates have
ranged from -.12 for the U. S. (Vasavada and Chambers, 1987) to -.55 in
the Southeastern U. S. (Taylor and Munson).
Tests of Competitive Behavior and Differentiability

The ~ model was estimated with linear homogeneity and concavity in
quaéi-fixed inputs maintained by +the functional form. Tests of
monotonicity, symmetry, and convexity in prices‘vere conducted. The
necesgsary monotonicity conditions on the value function, i.e., J()
increasing in output price and decreasing in input prices, held at all

observations. Symmetry and convexity of J() in prices vere tested

gsequentially. The results are reported in Table 2. The test statistic



uged was the Gallant and Jorgenson TO, vhich comparegs the minimized
distance of_ the residua; vectors of the restricted’ and unrestricted
models, adjusted for the sample size. The reéulting statisiic' ie
appro#imately a Chi-square, vith degrees of freedom equal to the number
of rgstrictions. |

Symmetry and cohvexity vere not rejected at the .05 level. Symmetry
required that Fij = Fji and Gij ='Gji. Symmetry was maintained while

convexity wvas tested. Global convexity is satisfied when Ei <0, i,j =

3
1,2, and Fij' Gij <0, i # j. |

Because of problems in attainiﬁg convergence subject to convexity, a
grid sea;ch procedure was used to select the vélue of F12 (over the
interval -.00060001 to -.1) that minimized SSE. Other parameters vere
estimated by nonlinear three-stage least squares for a given value of

F The parameters of this theoretically restricted model are reported

12°
in the second column of Table 1. The restricted model yielded smaller

egtimates of M and M but the adjustmént parameteré vere within one

11 22’

sgtandard deviation of their unrestricted values.

Strpctura.l Tésts

Indepéndent adjustmént, inetantaneous adjustment, and several
technological change hypofheses are nested hypotheseé that vere tested
vhile maintainihg homogeneity, 'symmetry, and cénvexity of the value
function. The teste are reported in Table 2. Indepehdent and
instantaneous adjustment wvere tested seﬁuentiallf. |

Independence of adjustment occurg vhen M12 = le = 0, and means that

14



each quasi-fixed inpuf adjusts tovards ite desired level independently of
the other. The null hypothesis of independence was not rejected.
Instantaneous adjustment (vith independence maintained) is actually a
test of the dynamic nature of the model. If Hii % -1 and Hij = 0, the
_ ith quasei-fixed input adjusts ingtantaneously to its‘désired level; and
should aﬁtuélly be modeied ags a variable input.‘ Instantaneous adjustment
‘vas tested separately for vlabor and for ‘covs; With indeﬁendent
adjusfment maintained, the null hyﬁothesis of instantaneous adjustmen£ of
labor, M22 = -1, was firmly réjected. Restricting Hll = —1,"1.9;,
instantaneous adjustmentb of'covs, caused the system to not converge.
Consequently, no teét statistic can be provided.

The last hypotheses to be tested dealt with technological change.
The theoretical properties and independence of adjustment' were
maintained.' The nﬂll hypothesis thatbthere has been no change in’
technplbgy for the period modeled, hi =0, for i=1,..4, was goundly
rejected. ﬁull hypotheses that the quality index on covs or labor fully

captured technolbgical change for these inpute (i.e., h, =0 or h, = 0)

wvere also rejected.4

Implications of Final Model

 Parameter estimates for the model maintaining all nonrejected
hyﬁotheses (i.e., lsymmetry and convexity of prices, | independent
adjuétment of quasi-fixed inpute, and disembodied technologicgl change)
are réported in the last coluﬁn of Table 1. The adjustment ratesv vere

quite stable between the unrestricted and final model. Only five price



parameters and two time parameters changed more than one standard
deviation from the unrestricted model.

Adjustment costs vere implicitly estimated along with the rates of
adjustment. Applying the envelope theorem to the value function yields
the marginal effect of investment on output in a derivable form: PFi = -
Jz. From equation (8) Jz = -{[P W1’A + [C'H_lli. As M 4+ 0, i.e., quasi-
fixed inputs adjust more slowly, the cost of adjustment or shadow price
of the quasi-fixed input increases. For example, the rental cost of cows
per head in 1982 was $381 per year. Poseitive adjustment costs increase
the cost of immediately reaching the desired level of cows to $2202 per
head. The wage rate index in 1982 was .95 but adjustment costs increased
the cost of immediately reaching the desired level to 2.16. Rejecting
Mii = -1 rejected the absence of positive adjustment costs for the ith
input.

Short and long-run elasticities for selected years computed from the
final model are reported in Table 3. All the short-run own-price input
demand elasticities were negative, but the output own-price elasticity
vas positive for only 12 of the 32 observations. Unlike static models,
dyn;mic models do not restrict short-run output supply to‘be positive in
order to have a profit maximizing solution, 8o these results are not
theoretically inconsistent (Treadway, p.344-345).

The globally sufficient conditions for a maximum value function

impose negative off-diagonal elements on the Hessian of the value

function, but they do not imply complementarity ofvinputs in either the

16



short or long run. All the‘inputs vere sgubstitutes in the short run,

The short-run ovn-price input demand elasticities for covs and labor
became more elastic over time. The increasing own-price elasticity fﬁr
labor vwas consistent with the increasing proportion of hired to family
labor’ over the period.5 The increasing ovwn-price elasticity for cows
wvas possibly due to the increased marketings of replacement heifers.
' Expansion in the dairy industry has been in large commercial dairies,
particularly in the West and Southvest. These large dairies purchase
more replacement heifers and are able to be more responsive to price
changes than small family operated deiries. The cross-price elasticities
for feed with respect to prices of covs and labor became less elastic
over time. This may indicate that the amount and nutrient composition of
feed per animal has become more fixed for a given milk price as
information about feeding and wilk production relationships has
increased.

The short-run cross-price input demand elagticities between cows and
labor were effectively zero, indicating that not only did diséquilibrium
in the level of one quasi-fixed input not affect the other, but price
changes in one did not impact very much on the demand for the other
quagi-fixed input.

Long-run elasticities are also reported in Table 3. Except for the
crosg-price elagticities betvween milk and feed, +the long-run values vere
larger than short-run elasticities, =80 the Le Chatelier principle held.

The short-run cross-price input demand elasticities of milk with respect

17



to price of feed vere negative, vhile the 1long-run cross-price
elasticities wvere positive. The changing of signs from’the short run to
the long run is not theoretically inconsistent nor emprirically uncommon
(Berndt, Morrison, and Watkins). With regard to long-run trends, milk
supply beéame less elastic vith respect to own price over time, and cows
and labor became more elastic. The previous discussion about short-run
elasticity trends applies also to the long run;

The policy implications of this model suggest that short—term>
programs, such as the dairy diversion program, that affect economic .
inceptives have had a.very small marginal impact on the U.S. dairy
industry. Short-run effects can be opposite of what is desired, as
evidenced by the negative short—rﬁn supply elasticity in most years. In
both the short and long run, milk supply vas very inelastic, and has
become more inelastic over the last =several years. Changing price
supports to reduce the excess supply of déiry producte ig likely to have
little impact in thé ghort run. It may take only tvo years or =o for
labor to adjust in the dairy industry, but the herd level may‘ take a
decade to fully adjust. Long-term programs appear necesesary if federal
intérvention in the dairy industry by way of price programs is to fully
achieve desired results. But, long term programs are difficult to
maintain wvhen both tﬁe economic environment and policy makers change in

the short term.

Summary and Conclusions

A dynamic dusl model has been applied to the U.S.. dairy industry in

18



order to gstihate “the rate of adjustment of cows and labor to their
degired levels vwhile maintaining the underlying propertiés of the theory
of the f£firm. Linear homogeneity of the value function in prices aﬁd
concavity in-quasi—fixed inputs vere maintained. Symmetry and convexity
of the = value " function in prices were not rejected. Independenée, of
adjustment betveen cows and labor was not rejg¢£ed, but instantaneous
adjustment of either cows or labor was rejected. The rate of adjustment
for cows and labor, vhile maintaining the nonréjected hypotheses, was
estimated asb—.09$ and -.449, respectively. At these rates it took an
estimated 10.5 years for covs to adjust to their optimal levels and 2.2
years for labqr during the data period, 1951-1982;

An impdrtant finding of this study was the documented validity of
using a dynamic dual model on aggregated data for the dairy industry.
Dual models are very structured due to their rigorous adherence to
theoretical properties; yet these properties frequehtly have not been
satisfied (or not examined) in reports of estimated dual models. The’.
theoretical properties vere consistent with the data used in this study,
“thus allowing.investigation of the inddstry’s structure vhile maintaining
theoretical congistency.

Quality indexes on covws and labor are important for capturing
exogenous changes in produdtivity, but additional disembodied
technological change vwas not rejected. It may be possible to fully
embody technological change in a quality index, but basing iﬁdexes of

dairy cov productivity on PDM and labor productivity on- the Gollop-
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Jorgenson quality index left considerable amounts of technological change
disembodied.

Short-term dairy programs that do not consider the rates of
adjustment of quasi-fixed inputs can be expected to have a very small
impact on the U.S5. dairy industry. Programes with at least a ten-year
duration are required if the potential effect of federal intervention in
the dairy industry by way of price programsg is to be fully achieved.
Short-term programs probably should be limited to direct supply or quasi-
fixed input controls. The herd buyout program thus appears to be more
appropriately conceived for impacting milk supplies than did the dairy

diversion program.
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FOOTNQOTES

1. Both the primal and the dual dynamic models are functions of prices.
The primal model is obtained from the firet order conditions of an
optimization problem. The dual model obtains the behavioral equations by
applying the envelope theorem directly to the optimization problem.

2. It 1ie also assumed that producers adjust their investment decisions
eg pricee change, 80 that the value function is not maximized once and
the investment path folloved to some terminal point, as in an optimal
controi problem. Producers re-evaluate their investment paths as prices

change, with 2 considered as an endowment or a starting value for

t-1
decisions made in period t.

3. In an early specification land vas included as a quasi-fixed input.
Severe collinearity between the time variable, price of milk, and land
led to land being excluded from the model.

4. It should be noted that the upper bound on the probsbility of
rejecting a true joint null hypothesis by sequential testing is the sum
of the individual alpha levels. Thug, the probability of rejecting the
joint hypothesis of symmetry, convexity, independent and instantaneous
adjﬁstment of labor and cove ig st most 20 percent. Had an upper limit
of S percent been desired, that joint hypothesis still would have been
rejected (under the assumption that the joint alpha level was equally
divided among the sequential tests). The same conclusion applies to the

Jjoint hypothesis of symmetry, convexity, and any of the three

technological conditions.

o
-



5. Hired agricultural labor as a percentage of total agricultural labor

vag 21.4 percent in 1951 and 38.0 percent in 1982,

o
e
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Table 1.

Nonlinear Three Stage Least Squares Pai‘ameter Estimates of
the value functions.

Model
Theoretically and
a Theoreticaléy Structurall
Parameter Unrestricted Regtricted Restricted
All 17.07 14.68 16.08
(4.412) (3.634) (3.393)
A12 1.528 1.417 : 1.581
(0. 4572) (0. 4652) (0. 4464)
Ay 0. 1805 0.3629 0. 1453
(1.059) (1.042) (1.029)
A22 ~0.102% -0.09917 -0.1237
(0.1154) (0. 1150) (0.1144)
Hll -0. 1267 -0.07285 ~-0.09484
(0. 05452) (0.03749) (0.033393)
", -0.01356 -0. 02971 ---
(0.01559) (0.01373) -—-
H21 ~-0.01487 -0, 2485 -—-
(0, 3684) (0.2373) ——
522 -0. 4256 -0.3174 -0. 4486
(0. 1366) (0. 1225) (0.1194)
Ell -9,021 -9.209 -9.636
(3. 330) (2.748) (1.842)
E12 -2.990 -3.688 -0. 3316
(4,092) (2. 111 (1.469)
521 -0.9705 -0.9599 -0. 7054
(0.7241) (0.3917) (0. 3644)
522 -0.2316 -0.01483 |, ~-0. 3851
{1.383) (Q.7777) (0.7677)
Fll -9. 369 0.6243 -2, 374
(1.981) (9.553) (2.557)
F12 4.757 -0.0001 -0. 0001
(2.098) --- -—
F 2.518 ~—- -—=
2 (2.073) --- ---
Fop -36.15 -40.68 -33.74
(4.021) (13. 46) (2.279)
Gll 28.13 20.05 16. 44
(9.196) (4.76) (4.941)
G, -6.187 -0.1100 -0.1729
(5. 363) (0.1916) (0. 1869}
G -0. 265 --- ==
2 (0. 3955) - ---
622 0. 8557 0. 8372 N 1.057
. (0, 7601) (0.7533) (0. 7506)
H 0.1062 0.1788 0.2110
! (0.0831) (0.0444) (0. 04535)
H2 -0.1602 -0.1662 -0. 1671
(0.01372) {0.01273) (0.01272)
H 0.1187 0. 03594 0.07686
3 (0.01971) (0.1000) (0.02200)
H4 0. 3841 0. 4939 Q. 3769
(0.0508) (0. 1635) (0.04778)

Standard errors of the estimates are in parentheses. MNSE = 1.5823 vwith

104 degrees of freedom for the unrestricted model,

1.7904 with 107

degree of freedom for the theoretically restricted model, and 1.9204

vith 109 degrees of freedom for the structurally restricted model.

a Homogeneous in prices.

b Homogeneous, symmetric, and convex in prices.

c Homogeneous, symmetric, ' convex vith independent adjustment of cows
and labor. ' :



Table 2. Teste of Hypotheses.

Hypothesis Test Statistic Critical Value
Symmetry

F, .=F v

12_.21’ _
612-521 1.782 122"05 = 5.991
Convexitya

Eij<o' i,j =1,..4

Fij' Gij<0’ 1#3 4,870 6, .05 = 12,592
Independent Adjustmentb 12 ,

M12=H21=0 4.160A 2,.05 = 5.991
Instantaneous Adjustment

c

of Labor xz

H22=-1.0 140. 318 1,.05 = 3.841
Ingtantaneous Adjustment

of Covs Did not xz

H11=-1.0 Conve;ge 1,.05 = 3.841
No Technological Changec

H1=0' i=1,...4 245,858 4,.05 = 9,488
No Disembodied Technological

Change in Covs : xz

H3=0 : 8. 149 1,.05 = 3.841
No Disembodied Tgchnological

Change in Labor x2

H4=0 15.710 1,.05 =  3.841

a Symmetry maintained.

b Symmetry and convexity maintained.

c Symmetry, convexity, and independent adjustment maintained.



Table 3. Short and Long Run Output Supply ang Input Demand Elasticities
for the U.S. Dairy Industry, Selected Years.

Elagticity with Respect to_the Price of

Milk Feed Covs Labor
Quantity Year
Short Run .
Milk 1951 0.044 -0.012 -0.033 0. 002
1962 0.016 -0.010 -0.008 0.001
1972 -0.001 -0.008 0. 007 0.001
1582 -0. 065 -0.006 - 0. 068 0. 004
Feed ' 1951 0.083 -0.116 0.017 0.016
1962 0.074 -0.101 “0.013 0.014
1972 0.081 -0.109 0.015 0.014
1982 0.105 -0.129 0.011 0.013
Covws 1951 0.032 0. 002 -0.034 0. 0000
1962 0.044 0.002 -0.046 0. 0000
1972 0. 068 0. 003 -0.071 0. 0000
1982 0. 096 0.003 -0.098 0. 0000
Labor 1951 0. 003 - 0.003 0. 0000 -0. 005
1962 0.003 0. 003 0. 0000 -0. 006
1972 0. 006 0. 004 0. 0000 -0. 009
1982 0.017 0. 008 0. 0000 -0.025
Long Run
Milk 1951 0. 200 0. 0002 -0.196 -0. 004
1962 0. 156 0. 0003 -0.153 -0.003
1372 0. 153 0. 0004 -0.151 -0.003
1982 0.124 0. 0008 -0.123 -0.002
Feed 1951 0.010 -0.057 0.035 0.012
1962 0. 003 -0. 048 0.029 0.010
1972 0.010 -0.051 0. 029 0.011
1982 0.014 -0.051 0.028 0. 008
Cows 1951 0.834 0.025 -0. 860 0. 0000
1962 1.243 0.034 -1.277 0. 0000
1972 2.042 0.042 -2.084 0. 0000
1982 1.359 0.021 -1.379 0. 0000
Labor 1951 0. 006 0. 006 0. 0000 -0.012
1962 0.008 0. 008 0. 0000 -0.016
1972 0.014 0.010 0. 0000 -0.024
1982 0. 049 0.022 0. 0000 -0.071

a Calculated from - the model méintaining symmetry, convexity, and
independent adjustment of covs and labor.



