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Abstract

A quarterly milk supply response function is derived that accounts for biological and
economic factors in a system of equations representing heifer numbers, cow numbers, and
production per cow. The heifer and cow numbers are estimated simultaneously by observing
the age composition of heifers and the quarterly biological constraints between heifers and
cows. Based on the results of a dynamic simulation, this model predicts the supply response
components better than two other traditional specifications that ignore the biological
processes. Short-, intermediate-, and long-run supply elasticities with respect to various

exogenous variables justifies the dynamic adjustment of this model.

Key words: quarterly milk supply response, biological constraints, age composition, net

offspring rate, retention rate.
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Dynamic Aggregate Milk Supply Response with Biological
Constraints on Dairy Herd Size

Chinhwa Sun, Olan D. Forker and Harry M. Kaiser

I. Introduction:

Dairy cow numbers are constrained by the biological reproduction and growth
processes of cows. Since milk production is determined by the number of dairy cows and
production per cow, the biological adjustment process of cows set a partial upper limit on the
adjustment of milk production. Many research articles have formulated milk supply response
models by estimating cow numbers and production per cow, but few of them considered the
dynamic biological adjustment process (Cowling and Baker; Hallberg; Chavas and Klemme).
However, the quarterly dynamic biological adjustment process has not been addressed in any
research yet.

From 1970 through 1990, there was a downward trend in cow numbers, especially
during the period that the Milk Diversion and the Dairy Termination Programs' were in
effect. On the other hand, heifer numbers trended upward, except for the period immediately
following the Dairy Termination Program. A time-series plot of cow and heifer numbers is

shown in Figure 1. These two trends have been due to an increase in the culling rate of cows

! The Milk Diversion program (from January 1984 to March 1985) and Dairy Termination
Program (from April 1986 to August 1987) were voluntary supply control policies armed at
reducing surplus milk production. The Milk Diversion Program paid participants $10 Per
hundredweight for reducing milk marketing from 5 to 30%. The Dairy Termination Program
paid farmers who participated in the program to slaughter or export their dairy cattle and remain
out of dairy farming for a period of five years.

1




Figure 1 Actural Cow and Heifer Numbers
1970, Quarter 1 to 1990, Quarter 4)
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and an increase in the replacement rate of heifers. However, there is a prolonged effect of
culling a cow and replacing it by a heifer because it changes not only the current cow
numbers but also the age composition of the cohort which determine future heifer numbers.
During the same period, a consistent increase in production per cow suggests a technology
improvement which causes milk production to steadily trend upward (Figure 2).

The objective of this paper is to develop a quarter milk supply response function
which accounts for biological constraints on cow numbers as well as the economic factors
that influence dairy herd size. A system of equations explaining heifer numbers, cows
numbers, and production per cow is constructed according to the constraints on the age
structure of the cohort, the farmers’ dynamic adjustment decision on culling and replacing

cows, and improvements in technology. The following sections present the model




Figure 2 Actural Production per Cow and
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specifications and the estimation procedure. A comparison of the dynamic simulations across

different models is also provided to illustrate the advantage of this model.

II. Model Specification:

According to dairy farmers’ optimal investment scheme, cow numbers are adjusted by
culling less efficient cows and/or adding replacement heifers. However, milk production per
cow is determined conditional on the quality and quantity of all inputs and the current
technology. Cow numbers, production per cow, and the manner in which dairy farmers
formulate their expected prices determine the milk supply response.

Suppose dairy farmers maximize their discounted expected net profit flow from farm

milk sales, net of variable costs, i.e.:




(1.1) Max

T
E {¥ p'[AMP-PROD, - C(PROD,|COW, PFEED, FWAGE)]}

w.r.t. PPCt and COWt t= 1

s.t.

(1.2) PROD, = PPC, COW,

where E is the mathematical expectations operator, and p is the discount factor; variables are

defined in Table 1. The variable, AMP*, is the farmer’s expectation of the stochastic milk

price in period t, while the term, C(PROD,| COW,, PFEED,, FWAGE), is the cost function,

which is conditional on current cow numbers, feed prices, and farm wages.

Table 1. List of Variable Definitions

AMP = Milk prices received by farmers, all sold to plants, $/cwt,

COw = Number of milk cows, thousand head,

DPSCOW = Prices for slaughter cows deflated by Farm Price Received,

DFWAGE = Farm wages index deflated by Farm Price Paid,

DTP = 1 if during Dairy termination program, 1986:2 to 1987:3, zero otherwise,

FRECE = Index of farm prices received, all farm products, 1977=100,

FPAID = Index of farm prices paid, commodities, services, interest, taxes and wage
rates, 1977=100.

HEF = Number of replacement heifers, thousand heads,

hefi = Number of replacement heifers at i quarters age old,

MFP = AMP/PFEED, Milk-feed price ratio,

MDP = 1 if during the Milk diversion program, 1984:1 to 1985:2, zero otherwise,

PFEED = Feed price based on 16% dairy feed, $/ton,

PPC = Production per cow, lbs.,

PROD = Total pounds of milk produced, million lbs.,

S1 = 1 if period is the first quarter of the year, zero otherwise,

S2 = 1 if period is the second quarter of the year, zero otherwise,

S3 = 1 if period is the third quarter of the year, zero otherwise,

TREND = Time trend as a proxy for technology improvement, equal to 1 in 1970:1,

Data Sources: Dairy Situation and Outlook and Agricultural Prices.

The optimal solution for cow numbers represents a capital stock which is constrained

by the dynamic biological reproduction processes under uncertainty of output and input prices




(Chavas and Klemme). By using annual data from 1960 to 1982, Chavas and Klemme
assumed an eleven year life span of cows in the herd and formatted an annual retention rate
for each age group of cows. They estimated current cow numbers by summing up the past
eleven years of heifer numbers, which are weighted by the cumulative retention rate.
However, it is necessary to relax the assumption about the life span of cows when we are
using quarterly data instead of yearly data. Furthermore, assuming the yearly retention rate
for each age group of cows is too restrictive than just assuming a retention rate for last
quarter’s cow. Since the last quarter’s heifer and cow numbers are observed, then the
estimate of current cow number could be obtained by observing the biological relationship
between heifers and cows. The estimation of the current period’s replacement heifers and the

retention rate of last period’s cows will be explained in the next section.

Model for Cow and Heifer Numbers

According to USDA count, dairy cows are at least two years old and have freshened
at least once; heifers are female calves between four to eight quarters in age’. When a heifer
freshens, it is counted in the cow number statistics and represents two years investment. WE
define COW, as the stock of milking cows which are at least two years old and have
freshened at least once, and HEF, as number of heifers in period t. The current cow number

is the sum of the first-lactation cows and a portion of last quarter’s cows, which will be

2 According to the definition of the data series (Dairy Situation and Outlook), a heifer is a
female calf which weighs over 500 pounds and has not yet freshened. From the Holstein and
Brown Swiss heifer growth curves for weight at various ages (Hoard’s Dairyman), the age of
the age of heifers varies from 10 to 24 months old and the first-lactation cows freshen at 9
quarters old.




retained from last quarter. The number of nine quarter old heifers at the age nine quarters in
the current quarter is unobserved. However, an estimate can be obtained from heifer
numbers observed in the last quarter conditional on the heifers’ age composition of heifers.
Define hef;,, as the unobserved i quarter age heifer numbers in last quarter, where i = 4, 5,
6, 7 and 8. The number of eight quarter old heifers in the previous quarter, hefg,,, is
counted as the number of the first-lactation cows which freshen in this quarter. If one
considers this as a dynamic cow inventory problem, the following identity should hold for all
periods:
(2) COW, = hef;,; + v, ‘COW,,,
where, «, is the retention rate of cows in period t-1 which survive from period t-1 to t, and 0
< 9, < 1. The sum of the female calves for 4, 5, 6, 7, and 8 quarter of age could be
observed by the number of heifers last quarter, i.e.:
3) HEF,, = hef,,; + hef; , + hefg,, + hef;, + hefg, ;.

Since the i quarter old heifers in period t-1 should have been born in period t-i
quarters, it is determined by cow numbers at period t-i-3 as follows®:
4) hef;,, = 6., - COW,;;
where, 0 < 6;,, < 1 fori=4, 5, 6, 7 and 8. The variable, §;,, is the net offspring rate of
cows in period t-i-3 when them gave birth to female calves three quarters later. It is
determined by the economic situation in period t-i when calves were born and decisions of

whether to keep them and raise them as heifers were made.

* A lactation period of 305 days (3 quarters) is normal for dairy cows (Schmidt et al.).




From equation (2) - (4), the biological reproduction processes of heifer and cow
numbers is explained. The unknown retention and net offspring rates of cows, «, and §;,,,
can be approximated by the logistic transformation functions which are bounded by 0 and 1.
The general form of this function in period t is f(8) = 1/[1+exp(X;'B)], where X, is the set
of explanatory variables and 8 is the coefficient vector associated with X,. Note that the
derivative of the f,(8) with respect to a particular explanatory variable, X,, is derived as
follows:
®) of(B)/dx, = - B-x, (1-f(B))-£(B)
where, 9f(8)/9x, = 0if 8 < 0, and df(B)/ox, < 0if 8 = O

Based on the expected profitability of keeping cows in the current period, the set of
explanatory variables to explain the retention rate includes the expected milk-feed price ratio,
deflated farm wages, a trend variable as a proxy for technological change over time, deflated
slaughter cow price, quarterly dummy variables to capture seasonality, and two intercept
dummy variables to account for quarters that the Milk Diversion Program (MDP) and Dairy
Termination Program (DTP) were in effect. The retention rate in equation (2) is modeled as
follows:
®6) .= 1/[1 +EXP(A0 +A1-MFP°, +A2-TREND, +A3-DPSCOW, +A4-DTP,

+AS5-MDP, +A6*S1, +A7-S2, +A8-S3)]
where AO - A8 are unknown coefficients.

However, the net offspring rate of cows in period t-i-3, §;,,, which gave birth to
calves in period t-i, is determined by the milk-feed price ratio, deflated farm wage, trend

variable, DTP in period t-i, DTP in period t-1, and seasonal dummy variables as follows:




(7 6,4 = I/{1+EXP[HO +H1-MFP; +H2-DFWAGE,; +H3-TREND,; +H4'DTP,;
+HS5-DTP,, +H6-S1,; +H7-S2,; +H8-S3,.1},
where HO - H8 are unknown coefficients. By substituting equation (6) and (7) in (2) and (3),
we can rewrite heifer and cow number equations as follows,
8 COW, = COW,,/{1+EXP[HO +H1-MFP; +H2-DFWAGE,; +H3-TREND,,
+H4-DTP,; +H5-DTP,, +H6-S1,; +H7-S2,; +H8-S3,,1}
+COW,,/{1+EXP[AQ +A1-MFP°, +A2-TREND, +A3-PSCOW,

+A4-DTP, +A5-MDP, +A6-S1, +A7-S2, +A8:S3]} +u,,

8
©) HEF,, = L COW,,, /{1+EXP[HO+HI1-MFP,, +H2-DFWAGE,, +H3-TREND,,
i=4

+H4'DTPH +H5'DTPl_1 +H6'Sll_i +H7'52H +H8'S3l_l]} +u2,.

Model for Production Per Cow

Production per cow is estimated as a function of the expected milk-feed price ratio;
production per cow lagged four quarters, which indicates the biological production capacity
in the current quarter; intercept dummy variables, which indicate the period that the Milk
Diversion Program was in effect; trend variable, which captures the technological
improvement; and seasonal dummy variables to account for seasonality in output per cow:
(10) PPC,= CO +C1-MFP, +C2-MDP, +C3-S1, +C4-S2, +C5:S3, +C6-PPC,,

+C7-TREND, +u;,

where CO - C7 are unknown coefficients. The condition of output price and input price being
homogenous of degree one is imposed. Assuming a naive price expectation scheme (Kaiser et

al.; Liu et al.; Klemme and Chavas), the expected milk-feed price ratio, MFFP*,, is




approximated by the past quarter’s observed ratio, MFP, ;. Because production per cow is
equal to total production divided by cow numbers, it is hypothesized that the error terms in
equation (8) - (10) are contemporaneously correlated, i.e., uy, u,, and u, are not
independent of each other. If this is true, then:
(11) E(PROD) = E(COW,PPC)

= E(COW)-E(PPC) + COV(COW,, PPC)

# E(COW)-E(PP(C), if COV(COW,, PPC) # 0.
where E(*) is the mathematical expectations operator, and COV(x,y) is the covariance of x
and y. Hence, equations (8) - (10) will be estimated simultaneously by nonlinear seemingly

unrelated regression (SUR) to get linear unbiased estimators for HEF, ,, COW,, and PPC,.

III. Estimation and Results:

The estimation procedure is carried out in three steps. The first step is to estimate
heifer numbers by equation (9). The second step is to use the estimates of HO - H8 to
simulate hefg,,. The third step is to use the simulated value of hefy; as one of the
explanatory variables in equation (8) to estimate total cow numbers. Since nonlinear SUR is
utilized to estimate equation (8) - (10) simultaneously, §;,, and v, in equations (6) and (7),
serve as restrictions across equations (8) and (9).

Data are quarterly series from 1970, quarter 1 to 1990, quarter 4 and are obtained
from the New York State Dairy Database, which complies data from the USDA and other
agencies. The simulated model starts in 1972:4 because of the lag structure of the model.

The results are reported in Table 2. The R’s are 0.9396, 0.9847, and 0.9847 for the heifer




numbers, cow numbers, and production per cow equations, respectively. These equations fit

the data reasonable well and all coefficients have the expected signs. Also, the coefficients

are significantly different from zero except for coefficients associated with slaughter cow

Table 2. Nonlinear SUR Estimation of Equations (8) - (10)

Equation Variables Parameter Estimate ’t’ ratio
Retention Rate of Cows in CONSTANT A0 -2.32623  -25.07
period t-1, 4, MFP,, Al -3.65371  -2.28
Equation (8) TREND, A2 .00354167 8.06
DPSCOW, A3 0.10764 0.50
DTP, A4 0.21539 7.90
MDP, AS 0.10699 3.95
S1, A6 -0.04846  -1.17
S2, A7 -0.16354  -3.94
S3, A8 -0.08191  -1.97, R?=0.9847
Net Offspring Rate of CONSTANT HO 1.64568  20.50
Cows in Period t-i-3, §;,,: MFP,; H1 -2.41601  -4.58
Equation (9): DFWAGE,; H2 1.14690 18.29
TREND,; H3 -.0044719 -31.92
DTP,; H4 0.09629 7.25
DTP,, HS5 0.03830 4.26
S1,; H6 0.07026 2.09
S2,; H7 0.15616 4,37
S3. H8 0.05637 1.67, R?=0.9396
Production per Cow in CONSTANT CO 1177.86 5.55
Period t, PPC,: MFP,, C1 784.74 0.77
Equation (10) MDP, C2 -92.11807 -4.32
S1, C3 53.54086 2.79
S2, C4 183.37 5.52
S3, C5 65.76539 3.45
PPC,, Cé6 0.42518 4.93
TREND, C7 9.94647 6.93, R?=0.9847

price in the cow equation and milk-feed price ratio in the production per cow equation.

For H1=-2.42 < 0, the partial derivative of the net offspring rate for i quarter old

heifers in period t with respect to the milk-feed price ratio in period t-i is positive, d9;,

10




JJOMFP_; > 0 in equation (5). Hence, the milk-feed price ratio (MFP) has a positive impact
on the net offspring rate (H1 < 0), retention rate of cows (Al < 0), and production per
cow (C1 > 0). The deflated farm wage (DFWAGE) has a negative impact on heifer
numbers (H2 > 0). The Dairy Termination Program (DTP) has a negative impact on both
heifer numbers and cow numbers (H4 < 0, HS < 0, and A4 < 0). Also, the Milk
Diversion Program (MDP) has a negative impact on both cow numbers and production per
cow (A5 < 0 and C2 < 0). The trend variable (TREND) has a positive impact on the net
offspring rate of cows and also heifer numbers (H3 < 0), but a negative impact on the
retention rate of cows and also cow numbers (A2 > 0). Further, the trend variable has a
positive impact on production per cow which explains the technological improvement of
production per cow overtime (C7 > 0). The four quarters lagged production per cow (PPC_
4) has a positive impact on the production per cow this year (C6 > 0) which implies the
quality of cow in the same quarter is increasing over years. For the analysis of seasonality,
the fourth quarter is set as the base quarter for the seasonal dummy variables. In the fourth
quarter, the net offspring rate, and production per cow is the lowest (H7 > H6 > H8 > 0
and C5 > C7 > C6 > 0), but the retention rate of cows is the highest in the year (0 > A6

> A8 > A7).

IV. Model Validation:

A dynamic within-sample simulation approach is used to validate the model. Starting
from 1972:4, the simulated endogenous variables are substituted into the lag structure for the

remaining periods and all exogenous variables are set to their actual historical values. The

11




performances are judged in terms of the closeness of the predicted endogenous variables to

their historic values. The root-mean-square percentage errors (RMS % Error) measure is

computed as:
T
RMS % Error = {(1/T)Z[(YS-YA) / YAJ?} *
t=1

where YS§, is the simulated value of endogenous variables Y, YA, is the actual historic value
for endogenous variable Y, and T is the number of periods in the simulation. The RMS
Percentage Error for milk production, cow numbers, production per cow, and heifer numbers
are 1.64%, 0.77%, 1.45%, and 1.93%, which are also reported as SFK model in Table 3.
These results suggest that the model simulations have a very small deviations from the actual
value. These deviations are considered very good under dynamic simulation test. The time-
series plots of simulated heifer numbers based on their age composition are presented in
Figure 3. The time-series plots of simulated heifer numbers are presented in Figure 4. The
Retention rates of cows, +,, are shown in Figure 5. According to the computed retention rate,
the quarterly culling rate* is around 7% to 10%, and the annual culling rate is around 28%
to 40%. This is comparable to most empirical data on culling rates (Hoard’s Dairyman)

For comparison of the simulation performance to different model specifications, we
choose two other specifications which have been used conventionally. The first quarterly
model is specified by Kaiser, Forker, Lenz, and Sun (referred as KFLS hereafter). They

estimate the following log linear cow number and production per cow equations:

4 The quarterly culling rate is one minus the quarterly retention rate. The annual culling rate
is around four times the quarterly culling rate.

12




Thousand Head
(Thousands)

Thousand Head
CThousands)

Figure 3.

A

A

w
<N O W A

N W AU DY DD oW

A & A A A A A

S

S

and

Estimates of 4, S, 6, 7.
8 Quarter old Helfer (1872:4 - 1990:4)
LHO
LHOR o.-‘ oax
" ‘ CHOA
b LHQOA
GH-Pq
iﬁ.‘ay x
- n .A “" A
i . “ ,A!!‘@A oA o
u ’A e LHOA
- G L
[ #H-CANM
o “‘"x ‘“ | A
LA u a7 A, At P
[ “ 0" " ‘A ' X .‘i“*
- .‘.'N .. - ok .i. '
~ ‘4* ! !' ll o) Lot thiony A
«" ll '.A 'QA 3 OA"
a N o
"H-CA ©
1973 1976 1880 1984 1988
974 1978 1982 1988 1890
Year
@] hef 4 + hefS o hef 6 A hef 7 x hef8
igure 4. Dynamic Simulation of HEF
In SFK Mode |
L
1870 | 1974 1978 | 1882 19886 1980
1972 1976 1880 1984 1988
Year
Actural HEF + SFK Mode |

13




Percentage (%)

(12)

(13)

Figure S. Retention Rate of Cows
C1872:4 - 18980:4)D

94

83.5 |-
83 -
92.5
82 |~
91.5
81 |-
90.S5 |~
S0 -~
89.5 ~
8q — T T T T
1973 1876 18980 1984 1988 l
1874 18978 1882 1986 1990
Year
In(COW,) = .25 +1.601n(COW,,) -.931n(COW,,) +.311n(COW, )
(2.70) (13.77) (-3.94) 3.11)
+.012 In(MFP, ;) -.015In(PSCOW) -.0092-DTP,, R?=.9935
(1.85) (-1.34) (-4.35)
In(PPC) = 4.27 +.46 In(PPC,,) +.0331n(MFP)) +.0028 TREND,
(5.15) (4.36) (1.36) (5.03)
-.061-COS1, +.012-COS2, +.021SIN1, -.019 MDP,. R%=.9804
(-19.3) (5.16) (3.13) (-2.17)

where t-ratios are given in parentheses; COS1, and COS2, are harmonic seasonal variables

representing the first and second wave of the cosine function; SIN1,, is the harmonic seasonal

variable representing the first wave of the sine function.

The second quarterly model is specified by Liu, Kaiser, Forker, and Mount (referred as

- LKFM hereafter). It is a log linear equation of total milk production without considering cow

14




cow numbers and production per cow separately. They estimate the following equation for

milk production:

(14) In(PROD,) = 5.82 +.67-In(PROD,,) +.068:In(MFP,,) +.0038-In(FWAGE,,)
(4.08) (8.20) (2.35) (.08)
-.012In(DTP,+MDP) +.0012:TREND, +.031-SINI, -.061-COS1,
(-1.59) 3.97) (5.08) (-17.6)
+.014-COS2,. R?=.9563
(5.88)

The coefficients in equations (12), (13), and (14) are estimated by OLS with the same
data set we used from 1970:1 to 1990:4. The comparisons across the different models are

shown in Table 3.

Table 3. RMS % Error of Dynamic Simulations of KFLS, LKFM, and SFK Models

Model
Variable SFK KFLS LKFM
Milk Production 1.64 2.31 2.69
Cow Numbers 0.77 1.17 -
Production per Cow 1.45 1.94 -

Heifer Numbers 1.93 - -

The RMS percentage errors are calculated according to the simulated cow numbers,
production per cow, and total milk production which is not in logarithms. The SFK model
performs better than either KFLS or LKFM in predicting the historical values of the
endogenous variables. Time-series plots of the dynamic simulations of total milk production,
cow numbers, production per cow from KFLS, LKFM, and SFK models are shown in Figure
6, 7, and 8. In Figure 7, even a visual comparison of within-sample simulation indicates that

the SFK model, matches the turning points of cow number better than the KFLS model.
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Figure 8. Dynamic Simulation of PPC
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V. Estimated Elasticities:

Based on the present model, the elasticity measures the ratio of the percentage change
of the simulated variable with a shock and without a shock to the percentage change of the
specified exogenous variables. The following procedures are performed to calculate price
elasticities. First, the estimated model is dynamically simulated from 1972:4 using t'he actual
historical data. Second, the model is shocked in two ways: (i) a one period 10% temporary
increase of the price variable, and (ii) a permanent 10% shock of the price variable. In each
case, all other exogenous variables are set to their historical values. Figure 9, 10, and 11
show the impacts of a 10% one period increase in the milk-feed price ratio, deflated slaughter
cow price, and the deflated farm wage in 1979:4, respectively. The elasticities calculated from

(i) are stationary after 20 quarters, since the iterative feedback between
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heifer and cow numbers takes almost 20 quarters to stabilize. A change in cow numbers will

alter heifer numbers three quarters later and have a continuous feedback on cow numbers

eight quarters later. A change in slaughter cow price alters cow numbers immediately, while it

impacts heifer numbers five quarters later. The deflated farm wage has a large impact on

heifer numbers and has a continuous feedback on heifer numbers from the change in cow

numbers in the following year. For the hypothesis of irreversibility of milk supply response,

Figure 12 shows the impact of a 10% one period decrease in the milk-feed price ratio. The

hypothesis of irreversibility of supply response is not obvious by comparing Figure 9 and 12.

The elasticities calculated from a 10% permanent shock represent a cumulated impact

by a 10% permanent shock in 1972:4 for j years. Figure 13 shows the time-series plot of the

Figure 13 Elasticity of PROD, COWwW, PPC,
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cumulative elasticity of total production, cow numbers, production per cow, and heifer
numbers with respect to milk-feed price ratio. Similarly, Figure 14 and 15 show the elasticity
calculated for each endogenous variable with respect to the change of slaughter cow price
deflated by farm price paid. Table 4 shows the cumulative elasticity of total production, cow
numbers, and heifer numbers with respect to milk-feed price ratio, deflated slaughter cow
price, and deflated farm wages.

As the length of run increases, the heifer number elasticities become closer to the cow
number elasticities, which is evidence from Table 4. This implies that the herd size reaches a
stationary point in the long run. A percentage change in the deflated farm wage has a greater
percentage impact on the milk supply than the ones of milk price and slaughter cow price in
the long run. This emphasizes that the farm wage plays an important role in determining the
supply of milk.

The short-run supply elasticity of milk production with respect to milk price t is 0.08,
which is comparable with the one reported in Chavas and Klemme (0.11), but is smaller than
Chen et al. (0.38) and Dahlgran (0.3). The intermediate-run supply elasticities of milk
production with respect to milk price for 3, 5, and 10 years are 0.21, 0.35, and 0.73 which
are considerable smaller than those reported in Chavas and Klemme (0.22, 0,89, and 2.46).
In the long-run (18 years), which corresponds to three complete life cycles of the dairy herd,
the supply elasticity of milk production with respect to milk price (1.41) is well within the
range of the ones reported in Hammond (0.14), Dahlgran (2.0), and Chen et al. (2.54) but
extremely smaller than Chavas and Klemme (5.03).

For the hypothesis of irreversibility of milk supply response with respect to a 10%
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1.41
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-2.01
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71
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-.044
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.54

.58

-.031
-.044
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.35
-.017
-.024
-.026
-1.28
-.63
-.63

.27
.25
.28
-014
-.021
-.021
-1.05
-.49
-.49

(i Years)

.20
.18
21
-.01
-.016
-.016
-.99
-.31
-.31

.16
1
.14
-.003
-.014
-.014
-.99
-.08
-.08

.07
.06
.08
-.01
-.01
-.42
(o]

Length of Run

.04
.04
.06

(o]
-.009
-.009
-.22

.05
-.007
-.007

(i_Quarters)
0

.04

(o]
-.005
-.005

(o]
(o]
(o]
-.002
-.002
(4]

(o]

Table 4. Short-Run, Intermediate-Run, and Long-Run Elasticities of U.S. Dairy Supply
0

Elasticity-

e HEF,MFP,

e COW,MFP,

e PROD,MFP,

e HEF,PSCOW,
e COW,PSCOW,
e PROD,PSCOW,
o COW,FWAGE,
e PROD,FWAGE,

*All elasticities are evaluated at the 1972:4 data point

e HEF,FWAGE;

one period decrease in the milk-feed price
ratio is not obvious by comparing Figure 9
and 12. However, the hypothesis of
irreversibility of the milk supply response
function can be observed by comparing the
elasticity simulated from a 10% permanent
increase or decrease on milk-feed price ratio.
There exists an asymmetric response on
heifer numbers, cow numbers, and total
production with respect to a permanent
increase or decrease of milk-feed price ratio
after several years. The elasticity for total
production with respect to an increase in the
milk feed price ratio is higher than that with
respect to a decrease in the milk-feed price

ratio. This result is illustrated in Figure 16.

VI. Summary:

This paper presents a model which is
an improvement over previously published
models in its ability to predict milk cow

numbers, milk production per cow and total
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Figure 16 Elasticity of PROD w.r .t

B Permanent [ncrease or Decrease of MFP

1.5
1.4
1.3 |
1.2 i~
1.1 |
1
0.8
os |
[3)
o 0.7 |
17}
2 0.6 |-
0.5
0.4
0.3 |
0.2
0.1 _ B .
0 T
UMM NN NN N N
4 8 12 16 20 24 28 32 36 40 44 48 52 S6 60 64 68 72
Quarters
a tncrease MFP + Decrease MFP

milk production. It does this by taking into account the biological constraints on cow numbers
simultaneously with consideration of economic factors. The model is specified to account for
the lag structure between the time when economic decisions are made and the consequence of
these decisions. The estimated net offspring rate of cows in period t-i-3 and retention rate of
cows in period t-1 account for the effect of dairy farmers’ current adjustment decisions on
cow numbers.

A comparison of within-sample simulation with two different model specifications
indicates that the present model is more accurate in estimating cow numbers, and matches the
turning points better than the previously specified supply response models. Hence, a dynamic
simulation of the model is conducted to calculate the short-run, intermediate-run, and long-run

elasticities with respect to different exogenous variables. For a one period shock of exogenous
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variable, there is a iterative feedback scheme between cow numbers and heifer numbers and
cow numbers takes almost 20 quarters to stabilize. For a permanent shock of milk-feed price
ratio, there is an asymmetric milk production response after several years which recognizes

the quasi-fixity of the inputs.
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Appendix : The Data and Sources

The data used to estimate the equations of the supply response model are presented in
Table A. The sources for the data are listed below. In the table, the number in parentheses

corresponds to the sources that the data were collected from.

(1). U. S. Department of Agriculture, Economic Research Service, Dairy Situation and
Outlook, Washington D. C., 1970-91.

(2). U.S. Department of Agriculture, National Agricultural Statistics Service, Agricultural
Prices, Washington D. C., 1970-91.

(3).  Dairy Situation and Outlook for January 1 (Quarter 1) and July 1 (Quarter 3)
estimates. Quarter 2 estimate is the average of Quarter 1 and Quarter 3. Quarter 4

estimate is the average of Quarter 3 and next year’s Quarter 1.

27




$6 9996 0 0 0'16 €EvPl | 01T 986 ST6€ 11011 88SC Al
££°66 9°¢01 0 0 06 L9°Spl 09°vC 99°6 et €2011 veLe III
£Ev6 9401 0 0 0°'co 1128131 L1°'8C 9C°6 0S6¢ T1€011 12X 74 I
99°¢6 €101 0 0 0'v6 00°9¢1 £€9°vC L8°6 866¢ 09011 8£9¢C 9L61 1
99°06 97701 0 0 098 tevel 06°61 00°01 1¥6€ 6L011 69%C Al
££°06 901 0 0 0°¢8 £eeel €1°0T 1L°8 YC6¢ 8IIII 69€C 111
99°88 99°66 0 0 0o'v8 00°cel €e1e 808 900V (4184 808¢C 11
98 99°96 0 0 0'v8 £e'8¢el LLLT ve's L8OV L6111 [ALY4 SL6T 1
12 £901 0 0 008 00°0S1 L9°L] LE'S Y66¢ rArAN! L6ET Al
8 9401 0 0 0°6L 00"yl LO'ET 8L 006¢ 81¢CI1 L8ST III
99°6L 86 0 0 oLL 12 YA! 01°8¢C 9C'8 126¢ LTCll [98:14 1I
£€°8L 9111 0 0 0'sL gL eel 0g'Ce 6’8 et SoCl11 v6vT vL6l 1
€CEL £°€01 0 0 0'1L £€'9Cl1 L8°0¢E 65°8 0g6e 60€T11 [$Y %4 Al
€eEL £°601 0 0 069 L9811 1A A9 1T°L 816¢ SPEll £06¢T 1
€e°0L 99°v6 0 0 00L 00°501 £€8°C¢ 1v'9 968¢ 6¢vll 08L¢C II
€e°L9 £ev8 0 0 0°69 ££°001 €L6T LS9 17442 6SST11 08¥¢ €L6l 1
£e'e9 €elL 0 0 0°'S9 L9798 £0°ST 8¥'9 £€98¢ w9ll ¥8¢€C Al
9 99°69 0 0 0°¢9 £e6l 1 Y4 00°9 168¢ 1L911 19T III
€e'19 99°99 0 0 09 LeLL 1 X9 74 6L°S 1121% 8ILI1 108¢ I
09 £e°69 0 0 0°09 L9°LL 06°CC 60'9 878¢ SCLII L1ST L6l 1
99°8¢ 9 0 0 0’19 00'9L £€8°0C S1'9 7S8¢ 06L11 So¢T Al
8¢ 19 0 0 06§ €€'8L L8°0C 6L’S €L8¢ 61811 v6vye 111
8¢ (XA 0 0 009 00°08 €0°1T 9°S v68¢ 16811 SELT II
LS 19 0 0 0°8¢ ££°08 £20°0C ¥6°'S S16¢ 16811 e 1L611
9¢ €e'8S 0 0 0'8¢ L9°LL L6°81 90’9 9¢6¢ 1e611 00¢¢ Al
(XYY 99°09 0 0 0°9¢ 119 7 L1°0C 9°¢ LS6E 0L6l1 SEYT III
[SY 09 0 0 0'LS 00°€L €9°1C [S2Y 6L6¢ L10C1 899¢C I
[SY 19 0 0 0°'SS 00'vL L6°0C vL'S 000 0,071 0S¢C 0L6l 1
divdd | 30o3dd | d1d ddN OVMd | d394d | MODSd dNV ddH MOD odd

(0o1=LL) | (oo1=LL) | (AWWNQ@ | (AWWNA) | (0o1=LL) | (NOL/S) amors) | mors) | (oooD) (ooo1) (sgD (sauny)

divd ([dgAIFOMI| WVEnodd | WvdDodd |sYdwdvd| qddd FoRdd Fo1dd

FoRdd FORMd |NOLLVNIWYAL NOISYdAId| A9 dIVd | AdIVd MOD SNTN | SYFJIFH [SYFdNNN| MOD dad sawBN
WAV Wiav4d Xdva AN FOVM %91 NALHONVIS| 7TIV [d0oVIddd| MOD [NOLLONAOUd| 2Iqeliep

AZIS QYdH AYIVA NO SLNIVILSNOD TVIID0TOId HLIM ASNOdSTAd A1ddNS AT JLVOTIDOV DINVNAQ Y04 VIvA 'V 314VL




[ ¢zo1 |91 |0 0 lo'sy1 [o0'€oz | 00°vE €8°€l | 90LY IETIT | O€O€ Al
9091 |€vel |0 0 o8kl | L9681 |€LLE €C°€l | 088 ARG I
€091 |€ser o 0 08kl | €€€81 | €8°1H LEET | €ILY 68011 | 12€€ I
9'8SI  |erer |0 0 08kl | L9°SLI | LEOY LL'ET | spsy 8SOIT | 060€ €861 1
6S1 9.z |0 0 oppl | €€°TLT | LS'SE L8ET | €99 oroIl | vL6T Al
€091 [€9€l [0 0 o¥pbl | L99LT |0S'6€ LEET | 08Ly LOOTT | Z80E 11
9'6SI  |99c1 |0 0 ovrl | L96L1 | LI'TH OE’El | p99¥ S8601 | 6€2€ I
9'8sI  |9cel |o 0 o¥bl | 007081 | €S°8€ €8°€l | LySY S6601 | L10E 7861 1
9'0SI |€621 |0 0 0°LET | €CI81 | €87°9€ 00'vl | 88S¥ ¥9601 | ZT6T Al
€IST | €8€1 |0 0 0'LEl | L9881 |LOTH £S'El | 879 90601 | veo€ 111
90sI gzl o 0 oLEl | 00861 |E€I'EY €€l | L8bY 1L801 | s€z€ I
€8yl | vl 0 0 0'LEl | 00700C |€6°Ep L6'El | syEv 15801 | Z66€ 1861 1
9'6cl  |9evl |0 0 0'9zZI | €€861 | Lb'ep £6°€1 19€p 9p801 | 968¢ Al
€6El | €661 |0 0 09zZI | €€6L1 | Evib 18Tl | LLEY 11801 | LL6T I
9€1 sl 0 0 09I | €€°S91 | LEWY 097 | 89z¥ 1LL01 | 091€ II
ocel |96zl |o 0 0'9ZI | €491 | LEOS 08°Zl | 8SIY zsLo1 | zo6T 0861 1
€LT1 | O€I 0 0 OLIT |L9°€91 |oOI'LYy LLTL | LETY 1vL01 | OLLT Al
Sl £zl |o 0 OLIT |€€091 |09°8F L6'TT | SIIY 61L01 | 868C 11
9zl |E¥EL |0 0 O'LIT | €€°0S1 | OEVS £S°11 | veov 01,01 | 190€ I
€811 | IpI 0 0 oLIT |L98¥1 |€0'IS L3811 | €6 9L01 | S9LT 6L61 1
€I |z 0 0 0's01 | 00°Z¥l | LO'OY LS'TT | vh6E 16L01 | 19T Al
€601 | LII 0 0 0'Lo1 | €€LEl | L6'9E 0S0I | SS6€ 6LL0T | LIST 111
801 991 |0 0 0601 | L9LET | 0S'OF L0°01 126€ $8L01 | 120€ 1
€v0l | €S0l [0 0 0801 |00°SEl | €8°6C 0z'0l | 988€ 09801 | vELT 8L61 1
001 99'96 [0 0 0°'L6 L9°6C1 | €€°€T LI'O1 | 9v6E L0601 | 69T Al
001 96 0 0 0701 | L9°€El | €I'¥T L6 SO0 LE6OT | 128T I
101 o1 0 0 066 L9'6v1 | 06'ST or'6 LY6€E 15601 | 610€ 1
66 €701 |o 0 0’101 | L9°8¥I | €€'¥T ¥$'6 888¢€ £8601 | 80LT LL6T 1
(0o1=LL) | (oo1=LL) | (AWWNA) | (AWWNQD | (cot=LL) | (NOL/S) mors) | (amors) | (ooor) (0001) (sa (swuny)

divd [JdAIFOHd| WVIDOdd NVIO0dd |sdamWdvd| dddd JONRd Jond
FOIdd Fo1dd ZO;<Z=2mm.r NOISY3AIA| Ad AIvVd Adlvd MOD ATIN SUYTAIFH |SYFIINNAN| MO0D d3d SOWIBN
niavd WAV d Adivd ATIN govm %91 ALHONV TS| 11V JOVId3d MOD |INOILLDNQOW A[quuIB A

FZIS Q¥FH A¥IVA NO SLNIVILSNOD TVOIDOTOIE HLIM SNOASTA A1ddNS ATIN 3LVEDTIOOV DINVNAQ 404 V1vd (u0d) 'V FT1dV.L

29




@ @ m m m @ Q) m © m (N | aoInog
L81 1M 47| 0 0 961 00°181 el 6y 0S¢l L61Y 1€101 CLSE Al
¥81 61 0 0 S'161 00°181 | €8°CS £0°v1 00cy 61101 079¢ 111
€81 [4y! 0 0 061 00°181 LEES LS €1 1444 11101 078¢ I
181 €181 0 0 v°881 007981 LL'1S £9vl LTty 82101 LC9¢ 0661 1
8Ll 9°9%1 0 0 S'¥81 00°781 LLLY (1198 41 oLy LT101 Shie Al
6L1 194 0 0 ¢'C81 00°v81 L6'8Y I¥°C1 00sy 10101 12'32 11
8L1 9Lyl 0 0 S'v81 00°261 oLy (irara! (333 4 or10I £9LE I
9L1 961 0 0 81 007961 ov'8y LOET 691 6¥101 119¢ 6861 1
174 9°¢evl 0 0 (A t]! 00°L61 L6 VY oc'tl [8:147 80701 ILYE Al
<Ll 124! 0 0 1°6L1 00°661 €L’SY L8311 00144 81201 97t 1
891 Sel 0 0 6'vLl 00991 oL 9 1200 192y 01 L69¢E I
<91 £'0tl 0 0 8°ILI 00°991 00°8Yy 0T’?l oy 68201 616t 8861 1
<91 6¢l 0 0 0°091 00°9¢1 09°ty L8°C1 19¢t 16201 SLEE Al
€91 €Ll 1 0 0191 00°vS1 oC'vy 0€°Cl 009 £8201 €She 111
91 8¢l I 0 0091 00°CS1 ceey L0°Cl 15844 6££01 L19¢ I
861 9171 1 0 0°6S1 00°tS1 00’1y L6'T1 SOtV Yrol oree L8611
861 £'eel I 0 0°6S1 00°1¢1 0TS¢ eeel 190144 1¥S01 661¢ Al
651 £yl I 0 0°991 00°6S1 08°S¢ LE'T] 0oLy £0L01 LCEE 11
6S1 (44! 1 0 091 00191 LO°SE 00°C1 SOLY £v601 Y1133 II
091 9°cCl 0 0 0°0S1 00°L91 06'S¢ LE'T] 60LY 9CIll |54 9861 1
9°191 9°¢T1 0 0 0°0s1 €L 691 L6°CE 09°C1 (4937 9111 vLIE Al
€191 €Tl 0 0 0'vS1 €€°S91 | 06'¥€ L1zl 000§ 66011 SOEE 111
9091 9°67C1 0 1 0°8¢1 {97691 L6°8€ 1394 | 94114 L8601 €ove I
€91 epel 0 I 0vS1 eePLl 0L 6¢ £9°¢l oLLY 91801 601¢ S861 1
9°¢91 9¢1 0 I 0°0¢1 € LLT 132849 or'vi (4937 90801 £00L Al
91 9Tyl 0 I 0'vS1 00°881 L9°9¢ oc’tl 0s6tv Y0801 001¢ 11
91 £l 0 1 0161 00°L61 LL'6E L6°Cl 8744 66L01 96C¢ II
91 (84 0 I 0’161 L9°T0C | £€8°8¢ ov'tl (4334 €co0l 801¢ 861 1
(0o1=LL) | (0o1=LL) | (AWWNA | (AWNNAD | (001=LL) | (NOL/S) Lmors) | (Lmoss) | (oool) (o001) (sg7) (sarun)

divd |QIAIIOFY] WVIOO0Ud | WviDOoud [s¥dwuvd| dddd A014d 4o1dd

FoRdd HDONMd |NOILVNIWYAL NOISYdAId| A9 AIvd | XdIvad MOD TN | SYadIdH [SYFINNN| MOD dad sawsN
WAV Wavd Adiva NTIN AOVM %91 NMALHONVIS| TIV [H0VIdFd| MOD |NOILONAOYd| °iqeusp

HZIS QYIH AYIVd NO SINIVIISNOD TVIIDOTOId HLIM FSNOISTY A1ddNS A TIN FLVIOTADOV DINVNAQ 404 V.Ivd (wod) 'y F18VL




No.

No.

No.

No.

Nol

No.

No.

No.

No.

No.

92-07

92-08

92-09

92-10

92-11

92-12

93-01

93-02

93-03

93-04

OTHER_AGRICULTURAL ECONOMICS WORKING PAPERS

Climate Change, Sustainable
Economic Systems and Welfare

Welfare Effects of Improving End-
Use Efficiency: Theory and
Application to Residential
Electricity

The Value of Segmenting the Milk
Market into bST-Produced and Non-
bST-Produced Milk

World 0il: Hotelling Depletion, or
Accelerating Use?

Incorporating Demographic Variables
into Demand Systems for Food:
Theory and Practice

U.S. Dairy Policy Alternatives
Under Bovine Somatotropin

Empirical Analysis of Agricultural
Commodity Prices: A Viewpoint

Imperfect Competition Model and
Deregulation: U.S. Dairy Policy

A Convolutions Approach to
Measuring the Differences in
Simulated Distributions:
Application to Dichotomous Choice
Contingent Valuation

Overshooting Agricultural Prices:
Evidence from Brazil

Timothy D. Mount

Jesus C. Dumagan
Timothy D. Mount

Loren W. Tauer

Duane Chapman

Deborah C. Peterson
Timothy D. Mount

Fude Wang
Richard N. Boisvert
Harry M. Kaiser

William G. Tomek
Robert J. Myers

Nobuhiro Suzuki
Harry M. Kaiser
John E. Lenz

Olan D. Forker

Gregory L. Poe
Eric K. Lossin
Michael P. Welsh

Heloisa Burnquist
Steven Kyle






