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OPTIMAL GOVERNMENT POLICY IN RESPONSE TO BOVINE SOMATOTROPIN
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Abstract

A discrete optimal control model is constructed and solved to
determine optimal adjustments in dairy policy over time in response to
bovine somatotropin. Results indicate that government should remove
cows after bST is widely adopted. The ability to wait is beneficial
since the impact of bST is yet unknown.
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Optimal Government Policy in Response to bovine Somatotropim

Bovine somatotropin (bST) 1is a protein regulating milk grodurtion
produced . in the pituitary glands of dairy cows. Through advances fim genetical
engineering, bST can now be manufactured outside the cow using recunbinemt DNA

technology and 1n3ected into cows to increase m11k y1e1ds Whiille: mat yet
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available on the commercial market, exper1menta1 trlals have”shom. that HST
supplements increase milk yields from 10 to 25% in trials across the coumtry
(Animal Health Institute). Bovihei'?s'omé.totropin is currently under regnilatory
review and is expected to be approved by the FDA as early as 1990 {Eallert) .
Previous economic research on bST have centered on impeetts: of ST
adoption on farm organization relative” ‘tb‘non-adoption For exam;L&,, Kalter,
et, al. ‘1ookedrat vfarmaprdfltablllty of bST for Newr—York dam‘y' Farmers ,

gatermine ontimal szdiuvsirents

concludlng Dthat adoptlon would be profltable for most farmers im the sttate,
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Other “studies have analyzed the market adjustments that would occar under bHST

by simulating different scenarios based on alternative bST impart: and dairy

policy assumptions (see, for example, Ardhyula and Krog; Kaiser andl Tamer;
Magrath’ and Tauer; and Fallert, et al.).

All studies have treated govermment policy exogenously. Thils; awmtdcle
focuses on the dynamic adjustments in dairy policy that would optimize: swecial
welfare. A discrete optimal control model of the dairy sector is constructed
and solved using mathematical programming. The results indicate the typ= and

timing of dairy policy which optimizes social welfare.

The Optimal Dairy Policy Model
The use of control theory for agricultural policy was discussed! B Burt
in 1969. He suggested usihg social value measures directly in thie eniiterion

function, and possibly imposing ancillary constraints to protzzt fammers’




income position. ~We use a-social welfare function consisting of consumer and

producer surplus minus government costs Producers’ income is protected by
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11mit1ng support price changes based upon government ‘purchases of milk.
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Freebairn and Rausser suggested using various welghts on, the components of the
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social welfare function. Their Justification 1s that policy dec151on ~makers
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may value different groups unequally and the researcher should be optimizing
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the objective function of the policy dec1Sion makers We measure the impact
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of aSSignlng unequal weights to producers, consumers and the government
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The optimal phasing of deregulation u51ng optimal control was_ addressed
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by Pindyck. Chang and Stefanou implemented Pindyck’s approach in exploring
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dairy industry deregulation w1th a growth in supply from a technology such as
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bST. Although Chang and Stefanou 1ncluded the cost of adgustment at the firm
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level, they dld not 1nc1ude the social cost of dairy farmers exiting the
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industry or consumer gains from stabilization. If no adjustment costs are
modeled, then social welfare 1is maximized by immediate  and complete

deregulation of an 1ndustry Since adJustment costs are not included in our

obJective function, our model would generate a zero support price after the

first period, To prevent this, we introduce a support price change decision
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rule as a constraint, based upon government purchases of milk.

Three types of agents are represented in the model: dairy farmers,
consumers, and government. It is assumed that the governments'’ objective is
to maximize the discounted value ofﬂsocial welfare of the dairy sector from
1988 through 2010. The dairy price support program and a voluntary supply
control program are the two policies incorporated into the model. The price
support program is modeled as an equation in the constraint set, which adjusts
the support price based on the quantity of milk purchases bought by the

Commodity Credit Corporation (CCC). The supply control program (a cow removal




program) is:the_control;variable“in the.model. Social welfare is maximized by

determining the timing and level of cow removals in response to bST

Bovine somavrotromin TE

The model is presented in Table l ‘ Equatlons (1), (2), and (3) are
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accounting equatlons whlch deflne real and nomlnal proflts of dalry farmers
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Real proflt/cwt (RPROFH) is equal to gross income from the sale of mllk
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(MILKPR) minus varlable costs net of culled cow revenue\(VCOST), deflated by
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the consumer prlce 1ndex (CPI 1967 - 100) 4 Varlable costs 1nclude all
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varlable expenses plus general farm overhead taxes and insurance, 1nterest
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and capltal replacement The cost of bST was set at $50 per cow annually
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Nomlnal prof1t per cwt (NPROFH) is equal to RPROFH times the CPI. Real
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proflt per cow_ (RPROFC) is equal to RPROFH t1mes productlon per cow (PRODCOW)
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Equatlons (4), (5), and (6) are the cow number (COW), productlon per cow,

&1, al. lLlooked av farm vrofitvapillicy o R ST ey

and mllk productlon (MLKPROD) equatlons It was assumed that dalry farmers
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make adJustments in cow numbers and productlorx per cow following a naive

proflt expectatlons scheme based upon previous year's profit, The cow

equatlon was estimated as a function of lagged real profits per cow, number of

cows in the prev1ous perlod and a dummy variable (DTP) equal to 1 for 1986-87
to account for the Dalry Termlnatlon Program The estimated linear equatlon1
for cow numbers u51ng ordlnary least squares (OLS) is:

COW = O 97 COW( 1) + 0 1272 RPROFC(-1) - 280 DTP2
- (38.4) (1.3) - (-2.4) R“ =0.58; DW = 2.2

Production per cow was estimated as a function of lagged RPROFH, a time trend
(T), and a constant term. The time trend was wused as a proxy for

technological improvements other than bST. The estimated equation is:

1 The data wused to estimate all equations was based on gatlonalA
observations from 1975-87. The numbers in parentheses are t-values, R® is the
adjusted coefficient of variation, and DW is the Durbin-Watson statistic.
For more details on the model and the data, see Tauer and Kaiser.




PRODCOW.= 102.62 .+ 69.97. REROFH(-1) + 2.327.T _.
(37 2) (o 7 (19.4) R% = 0.98; DW = 2.1

t- value on the proflt varlable is 1ow thlS varlable was 1nc1uded in
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the PRODCOW equation 'because ’1t was Judged a pr10r1 to be an 1mportant
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determlnant of milk yleld Mllk productlon (COW tlmes PRODCOW) is multlplled
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by 0.98 in (6) to reflect leakages from farmlto processor g' .on-farm use.

“octaL. discou urplas of The four nognatl civs

Equatlons 7 andiZES ompute the purchase price per cow (PRCOW) that the
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government must pay to remove cows‘ from productlon. “Since there were
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1nadequate data avallable to estimate the cow purchase price equation,
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equatlon (7) was constructed u51ng “the followxng assumptlons ““'Firstf;the
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prlce per cow is based on farmers' present profltablllty Second "a cow has a
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salvage value of $500 Flnally, the purchase program requlres partlclpants to
3500CHE The CALYY SeCuor S Tk e LfeErd -

stay out of dalry farmlng for flve years ' Equatlon (7) comblnes these three

hels
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assumptlons so that PRCOW is equal to proflts per cow minus $500, w1th the
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result multlplled by flve to reflect the flve year duratlon of the program (no

dlscountlng). Equatlon (8) constralns PRCOW to not be less than $1,000, which

P

was arbltrarlly chosen as the-mlnlmum cov purchase prlce

Equatlon (9) .is. another accountlng 'equatlon used in the model.
Government purchases (GVhPUR)Aare equal to mllk productlon plus milk 1mports
(IMPORTS)‘minus commercial milk consumption (MLKCON). Milk imports are fixed
at their recent.average of 2;5 biliion pounds of milk equivalent;

Equations (10) and (li) pertain Ato the equilibrium price for milk
(MLKPR). Equation (10) is the all milk demand equation expressed in price
inverse form. Commercial per capita demand for milk products (MLKCON/POP) was
- estimated as a function of the real all milk price (MLKPh/CPI), a time trend
(T), and a constant term. Two-stage least squares was used in the estimation

by regressing the real all milk price on the real milk support price

(SUPPR/CPI), a time trend, and a constant and then using the predicted value




as.arprice:s instrument.. The milk price instrument and demand ‘equations, which
were- estimated:in.linear: form,- are:

MLKPR7CPI tecQ [031c +:0:559.:SUPPR/CPI . = .0.001 T ¢ . '
(5.5)  (5.4) (- 6.4)R2 - o 98; DW - 2 1
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MLKCON/PQE. = <86.0 -R552563 MLKPR/CPI -0.782:T  tioci: o0 e ons
(12.2)  (-4.7) (-3, 8)R2 - 0. 76 DW - 2 0
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Equatlon (11) glves the relatlonshlp between the all m11k prlce and the
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support price. The all mllk prlce was estlmated as a s1mp1e functlon of the

ZrLanle enmancsc ':A’JF :7.'1“"'1:; e SWeLnIl, LaMLC

mllk support prlce and a constant term, whlch resulted in:

MLKPR = 2. 65 + 0 847 SUPPR ?
NORITes @LZY.w (@Fu4Yywo. VLRSI = 0:97:0DW = 1l FEDLrn tinan L

proriThpeannual {8ipport priceuadjustmentiruleris defined:iin equation (12).vAs
was theuxcdsersunder the. 1985 FarmrAct;: the support price iS-adjustedpon‘the
basisicf milkisurplus @xpeéctations: by ‘the Secretary ‘of ‘Agriculture. = However,
unlike - the.: 1985 Farm "Act, "the annual change in the support  price is a
continuous. function of .government purchases of excess milk the previous year.
Equation (13)::insures. that if there are CCC purchases, then the relationship
between the market.and-support price.in equation (11) is binding.

=~ ThernCPI- wasiincreased: 4% ayear and a nominal discount rate of 7% was
used. Variable cost per cow was increased 3% a year starting at $959.50
(1988). Population was assumed to increase at 1% per year. The logistic
adoption rate was estimated from Lesser et al. and the adjustment in variable

costs from the adoption of bST were taken from Fallert et al.

Results
Four scenarios were analyzed: (1) a base line scenario which assumes

that bST is not adopted and government cannot implement a buyout, (2) bST

adoption with an average yield increase of 13.5%, but no cow buyout, (3) bST




adoption with“a yield-increase of 13.5% ‘with cow buyout programs, and (4) bST
adoption: with ‘&:yi&ld” increase “of 32% ‘and cow-buyout programs. Since the

first~ twoalscenatios do>Tot  ‘incliide - the ‘control: variable of ' COWPUR, ~they are

strietly<simulations of' the dairy sector ‘using the constraint set’ equations,

paraiicters’®and ifitial-eonditionss: ¢ ALl Tesults "4Fé summarized'in Tablé 2.%-
cOmDaTHE t6tdl discolnted® surplus:of-the Ffour! scénarios: are $462:09-billion
dollars’ for~'scendrio S€L); $465.68 billion for (2), $465.72 billion for (3),
and $470.14%5Billion + fofVe(4)+* Thet componentsi:*of ~‘these "'surplus values to
consumers ;- 'producersand ' government ‘cost ‘are -shown‘ in-at the-bottom'o?'Table
2 $UnTHAC additibhT o BST  in~stendrio(2) rindreasés welfare over scenario (1).
Typi6aTTy, “Teehn6Y6gy Cbenefits T¥6ciety. ¢ HoWEVEE, - the “introduction’ of  bST
sh6cks Sthe=dairy seetor so that welfare losses'<to-producérs occur, especially’

during®a transifiénal period.- The reason is ‘due "to negative variable profits

for ‘thfee -years from bST with no cow buyout (not all years shown in Table 2).

Consumers “do benefit from a lower milk price and greater milk consumption with
bST "§o--that ‘the mnet:-benefit 'to society 'is increased.  The addition of
optimizing jbeh’éviér by removing cows does increase total welfare with
producers’ gaining over~$107billion and consumers losing less than $10 billion
under 13.5% bST. ' Government costs are also slightly lower with cow removals.
"- The all milk price .changes over time by scenario. If bST is not made
available then the nominal price of milk remains stable from about $11.00 to
$13.00. Under a 13.5% bST response,}the all milk price decreases to a low of
§7.00 by 1998 and increases each year thereafter, reaching $12.80 by the year
2010. 1In contrast, if the government buys cows optimally then the lowest all

milk price is only $9.18 in 1996 and prices in every year are greater than or

2 The results for all years in the period 1988 through 2010 are given in
Tauer and Kaiser.




equal ‘to- the'price-'in scenario. 2. . Under 32% bST, all milk price is slightly
lower; © ‘reaching " a--low. of:§8.13 in 1998. However, with the government

optimally buying- cows ‘everi-32% bST does:not produce the dramatic milk price

decrease as 13.5% bST does with no cow purchases. In all scenarios, however,

thetmilk-price is*aﬁéﬁti$13;00kbyf2010 1mp1y1ng that bST and policy- shocks

have essentlally worked the1r way through the dalry sector by that time.
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Mllk consumptlon is inversely related to the all milk price w1th the
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demand functlon shlftlng each year With the no bST scenario milk consumption
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steadxly increases as populatlon increases and as the real milk price

decreases?:;Thetejis,some reduction. in milk consumption in the later years as
the shiftarinisthevdemands function:sslows and: the price ofrmilk: increases. A
1355%BST shock withtho cow purchases: increases milk consumption by 12 billion |
1b§i7in" 1998~ as-compared to no bST. " However, if cows are optimally purchased
then the increase in milk consumption. is less than one half of this increase.
* ~-The-support-price is. -effective for -the first 12 years in all scenarios.
Annual-'CCC - purchases without bST are  approximately 5 billion 1bs. of milk
equivalent: or’ less.: "“When bST enters the picture CCC purchases increase as bST
is adopted.- Without::a ‘cow -buyout program CCC purchases remain high and the
support price is reduced more than a dollar in 1995 and again in 1996. The
reduction in . support. price does eventually trim milk production as CCC
purchases decrease. With a cow buyout program CCC purchases do initially
climb in the early 1990s as bST is adopted, but it is optimal to purchase cows
rather than milk during this period. As a result CCC purchases f£fall
dramatically after the government begins to purchase cows. Annual CCC
purchases increase in order to allow the support price and then the all milk

price to drop. This benefits consumers. Since farmers are adversely




affected, cows are purchased to restore profits. 1In all bST scenarios the

support prlce mechanlsm is not very effective after 1999

PRI

: Varlable proflts per cow are adversely affected by bST at least during
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the adoptlon period. Wlth no cow purchase, proflts become negative from 1997
sLieot vu

through 1999  With cow purchases variable profits per cow are reduced
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compared to~no bST but st111 p051t1ve Partly offsetting the reduction in

proflt.per cw s greater m11k productlon per cow under bST.
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Cows : numberSrfall over - tlme under all scenarios. The reductlon partly

reflects,the long,term downward trend in cow numbers that were captured in the

T

econometrrc estlmat10m~of the»cow number equation. - When production per cow

increases . then fewer -COWSs are requlred to produce a given quantity of milk.

LR

Slow1ng the downward trend in cow numbers is the higher profits without bST.
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C w purchases by : the: government significantly reduces milk cow numbers in

1993:and 1994, ,Hith 13.5% bST 610,000 cows should be purchased in 1994 at an
averaée;price of-§1;897. It is interesting that the following year cows could
be purchased;at-on1y~$1,120 a -cow,  but only 4,000 cows are purchased. Under
32%ibSTn1.61 miliion cows are purchased in 1993 at a cost of $2,212 per cow
and“égddeO‘cowsaare purchased in 1994 at $1,285 per cow. The results also
indicate that another 10,000 or 15,000 cows would be purchased over 3 years
beginning-in 2005 or 2006, but this is a trivial amount.

One of the most interesting result is the control (the purchase of cows)
does not occur until after bST is' well adopted. Until these cows are
purchased it is optimal to let CCC purchases increase. This result has an
enormous benefit. The eventual impact of bST is not known at this time, but
the results indicate that decisions concerning cow purchases can wait until
the impact of bST is determined. In contrast, many would expect that policy

adjustments would be necessary before bST is introduced.




.- ... Weighing- ~consumers,. producers: and the ?gbvernment segments of the

objective . function separately by 1.25 increases . the-value of each segment.

Valuing; consumers .more cbyra ‘factor of..l.25-essentially:replicates the results
pfgzsqgné;ing(Zj; withno cow buyout. :..Cows bought -out would reduce  milk

production-and thus;consumer ;surplus;:: Valuing: producers:more: by~-a: factor- of

1997 :(1,431,00. -head), ‘and 2006 (420,000..:head). . .The .cow. purchases in. 1997
causes the:-all-milk-price.to -increase :to :$19:17:and: then .decrease .until . the

nexf:cow buyout..:Valuing.government cost more by:.a factor of 1.25 causes the

purchase:pricenis.glower becausenof jreduced dairy::profits.:: Thisnoccurs even
though- the: government,buys..more-milk: because: of the: year: delay.

The e 1007 Lo apmmval
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=z twececoan. o ot Summary and Conclusions

A discrete control :model of the U.S. dairy sector was formulated and
Qppimgl1pqlig;g§njp5xequnse;tonSTﬁwere,discussed.' The control wvariable was
a..cow. disposal-program--and the- support price entered the model as a state
variable .dependent..upon government- purchases of milk:. . .-

With no control, the all milk price could fall as low as $7.00 under a
13.5% bST impact. With optimal cow purchases the price only falls to $9.18.
In the process social welfare is increased. Higher bST impacts of 32% with
optimal cow purchases have little differential impact on variables except that
more cows are purchased. Puéchase of cows does mot occur until bST is well
adopted. Until these cows are removed it is optimal to let CCC milk purchases
increase so that the support price and milk‘ price can be reduced for
consumers. Since the eventual impact of bST is not knowh, the ability fo wait

until the impacts occur is beneficial in policy decisions.




Table 1. The Optimal Control Dairy Model.

SR L g )
-

2010

S DISCOUNT(L}*[ 5(INTERCEPI(I) MLKPR(I))'MLKCON(I)+NPROFH(I)*MLKPROD(I)
&1=1988 Burous ST Lo Tovess e

- (SUPPR(I)+1. 20)*GVNPUR(I)'(PRCOW(I)*COWPUR(I))/10]

subimer to: MIili Cows

(1) (MLKPR(I)=VCOST(I)/PRODCOW(I)}/CPI(I) = RPROFH(I} .
(2)*. RPROFH(I)YACPI(I) = NPROFH(I}. .- R
(> RPROFH(I)*PRODCOW(I) = RPROFC(I) .
(437 .1272*RPROFC(I)+.97*COWS(I)-COWPUR(I) = COWS(I+1) S
(5).7 (2.327+PRODCOW(I))*(1+BST*PRODCHG(I))+69. 97*RPROFH(I) = PRODCOW(I+1)
(@O 98* (COWS (I )*PRODCOW(I)) /10" = MLKPROD(I) .
(7) 5*RPROFC(I) 500 = PRCOW(I)

(B CUPRCOWLE) > ¥1000..c 5 1. ..

€9 MLKPROD(I)+IMPORTS(I)- MLKCON(I) = GVNPUR(I)

(05 INTERCEPT(F)-.18095*CPI(I)*MLKCON(I)/POP(I) = MLKPR(I)

(137 MLKPR(I) >-2.65+.847*SUPPR(I) . : y

(T%):  .50-.1%GVNPUR(I)+SUPPR(I) ="SUPPR(I+1) o :

(13 ((2.65+.847*SUPPR(I))-MLKPR(I))*GVNPUR(I) > 0.. .

withl parameters:iv. NS -
S ADS impact of bST on:production costs
.. ADOPT(I) bST adoption rate’
BST percentage impact of BST
.2 CRPI(I). . . __consumer price index
DISCOUNT(I) discount factor
IMPORTS(I) imports of milk :
'“INTERCEPT(I% intsrcept of the milk demand function
L POP(I) . population :
.. _PRODCHG(I). increase in adoption
~. TREND(I) ... .trend
T VCOST(I) .:Tvdriablebcost per'coﬁ

with values: . .
CPI(I) = 340.4 * (1.04)%
DISCOUNT(I) = 1/(¢1.07)1
IMPORTS(I) = 2.5
INTERCEPT(I) = CPI(I) * (.1556 - .001416 * TREND(I))
POP(I) - 240.5 % (1.01)%
TREND(I) - I + 13
VCOST(I) = 959.5 % (1.03)> * (1 + ADJ * ADOPT(I)) + ADOPT(I) * 50

Parameter 1988 19889 1980 1991 1892 1893 1994 1995 1896 2010
ADOPT(I) .0 .0 .05 .17 b4 .78 .83 .98 1. 1.
PRODCHG(I) . . .05 .12 .27 .32 .17 .05 .02 .0

Parameter
BST
ADJ




Table 2: .Model Results for Selected Years of the Four Scenarios.
T R SIS RS < PSR : S

No bST, bST (13.5%)
Veowing consNorGowore oy nNoiCow- -: @ bST:(13:5%). .- ..bST-(32%) ...
Year i 3 Buyout Cow Buyout Cow Buyout

1988 czuses §11:630 re nouer$11063:r o7 - 1811,
1990 11.71 11.71 11.
1995 7 .- 11.20-:°  amc 09,18, ¢ 9.
2000 11.45 “ 8.19 9.
2005=: tne 212461 svice t:11:58¢enz: oo oL 11

2010 13.62 12.80 13.

- g e SR s - - o

Miiﬁ éénsuﬁpéisn gBillioﬂs:df~LB;j)i

IOVEYTELENT U0 Wall UnVa. LriDh Ualiar ot
198 138.17 138.17 138.
p71k40.18 i1ower peclb0:18: roii--o 140
146.55 152.78 152.
' ozhe zb49rl3erc nuve 157.81:t .. io:. 153,2
148.86 150.89 150.

147.70 149 .32 147.

Support Price cwt .

1988 . ... 10.60: - .- .10.60
1990 10.69 .69
1995:: . o -12:10:09 seenavas 7.7E
2000 10.39 .59
2005 5o 11.58:¢wer oo 8,09 -
2010 12.95 10.59

ETIGET

CEDLLD o Gl anGE T 0T, ganTe T o T
CCC Annual Purchases (Billion Lbs.)

1988 .94 3.94
1990 .90 . 5.90
1995 .45 17.70
2000 .08 NP
2005 ' .22 NP
2010 .45 NP

Variable Profits (S per cow)

1988 615
1990 638
1995 519
2000 521
2005 640
2010 777




Table 2 (Continued)

No bST, bST (13.5%)
No Cow No Cow bST (13.5%) bST (32%)
Year Buyout Buyout Cow Buyout Cow Buyout

Number of Milk Cows (Millions)

1988 10.33 10.
1990 . 10.16 10.
1995 9.58 9.
2000 8.83 8
2005 8.13 7
2010 7.54 6

Cow Purchases (Purchase Price)

1988 NA NP NP
1993 NA . ($2,286) 1.61 ($2,212)
1994 NA . ($1,897) .23 ($1,285)
1995 NA . (81,120) NP
2005 NA . ($2,918) NP
2006 " NA . (63,191) .02 ($2,650)
2007 NA . ($3,536) .03 (§3,015)
2008 NA NP .04 ($3,386)

Production Per Cow (Pounds)

1988 137.86 137.
1990 144.25 144.
1995 159.24 179.
2000 173.02 192.
2005 186.46 205.
2010 199.79 218.

Welfare Measures (Billion $) -

Consumer Surplus
407.18
Producer Surplus
60.80
Government Cost
5.
Net Surplus

462.09
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