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The supply for domestic beef has been decreasing sharply since Finland joined the European Union
(EU) because profitability of beef production has been low. The goal of this study is to search for
optimal beef management practices that increase returns on beef production in Finland. Numerical
dynamic programming (DP) is used to simultaneously optimise feeding and timing of slaughtering.
The DP-algorithm is solved under alternative subsidy, output price, and silage price scenarios.

At 1998 prices and subsidies, the optimal carcass weight is estimated above 250 kg. The European

Agenda 2000 reform is predicted to decrease the optimal carcass weight to 200 kg, which is 50 kg
lower than under the 1998 prices and subsidies. This reform will increase farmer returns significantly
and itsincome effect depends crucially on the price of silage. The results indicate al so that the reform
will result in adjustment of feeding. Particularly, farmers having high silage production costs will
substitute feed concentrates for roughage in the diet.

A farmer is entitled to a premium subsidy of FIM 200 (€33.63), provided that the carcass weight
of a culled animal exceeds 270 kg. But when the Agenda 2000 reform is fully implemented, this
premium subsidy is not large enough to supply carcasses heavier than 270 kg. The results suggest
that carcass weights of at least 270 kg would require a premium subsidy of FIM 400-800 (€67—
€134). Rearing heavy animalswill significantly increase production costs and, therefore, most of the
subsidy will be taken away from the farm in terms of increased costs.
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Introduction

European agricultural policy reforms have result-
ed, and are further expected to result, in large
changesin the beef sector. Particularly, in ahigh
cost country such as Finland, these reforms have
important implications for the economics of the

beef sector and for farmer incentivesto rear cat-
tle. The combined effects of decreasing produc-
er beef prices and gradually increasing forage
costs have been considerable at weakening the
supply for domestic beef. During the first years
in which Finland has been in the European Un-
ion (EU), beef producers have had difficulty at-
taining profitability and more than 7% annually
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have quit cattle operations (TIKE 2000a). Beef
production has been decreasing by 3% annually
(TIKE 2000b). Therefore, the traditional expe-
rience of excess supply has quickly turned into
adeficiency of domestic beef. It is expected that
without new domestic programs encouraging
beef production the supply for beef will be fur-
ther weakened. The Agenda 2000 reform, for
example, has a goal of decreasing beef produc-
tion in Europe and thisreformis expected to have
similar effects in Finland.

Enhancing domestic beef production is an
important policy goal in Finland. To promote
domestic beef production, the Finnish govern-
ment has designed domestic subsidy programs
which complement the European common pro-
gramsin supporting cattle farmers. These subsi-
dies can be characterized as direct income sub-
sidies but they also have links so as to increase
farmer incentives in rearing heavier animals.
Thus, these income subsidies have a goal of in-
creasing farmer income and strengthening the
supply for beef.

The performance of the subsidy programs
combined with low beef prices and high forage
production costs raises at least two important
questions. The first question is how efficient
these subsidies are in increasing farmer income
if the subsidies are not fully decoupled from pro-
duction. The subsidy rates increase with the
weight of the culled animal. The second ques-
tion is how much these subsidy schemes affect
optimal beef production management and the
supply of beef.

The goal of this paper is to simulate optimal
cattle management solutions under alternative
policy, price, and forage cost scenarios. Policy
scenarios include the Agenda 2000 reform and
the domestic subsidy schemesin which the sub-
sidy rates are linked to certain carcass weights
of the culled animals. Forage cost scenarios re-
flect alternative (farmer specific) planning situ-
ations and horizons. In the short run model, for-
age production costsinclude only variable costs
whereas the long run model includes all forage
production costs.

The dynamic optimization model is con-

structed in an optimal stopping framework solv-
ing the optimal decision rules numerically us-
ing the Bellman’s principle of optimality and
recursive Dynamic Programming (DP) (Bellman
1957). A numerical solution technique is used
because the optimal feeding and optimal timing
of slaughtering cannot be solved analytically in
closed form. The numerical approach also has
an advantage in simulating the effects of animal
weight thresholds that trigger certain lump sum
subsidy payments. In addition, dynamic pro-
gramming is generally considered to be the pre-
ferred technique for modeling optimal animal
management problems (e.g. Glen 1983, Van
Arendonk 1985, Boland et al. 1993, Huirne et
al. 1993). In spite of its superiority, DP has not
been applied to cattle management under Finn-
ish production and market environment using
animal breeding qualities that are common in
Finland.

The outline of the paper is as follows. Sub-
sequent sections present the economic model and
the dynamic programming approach used in
solving the optimal decision rules. The section,
thereafter, presents data on the feeding experi-
ment, prices, and subsidy rates. The two last sec-
tions give the results and conclude the paper.

The dynamic programming model

The goal of farmersisto maximize the discount-
ed net present value (V,) of beef bull production
by choosing optimal animal feeding (u,) and tim-
ing of slaughtering (us). The optimization prob-
lem has a recursive structure such that it obeys
the Bellman equation (Bellman 1957) of the form

(1) Vi(x) = maxus,uf{ Rt(xt’uts’utf) + BV (Xin)}

subject to
X1 = X+ f(x,uf) if us= 0 (continue to
grow) and
X1 = X if us= 1 (slaughter).

x, is the live weight of the animal (also referred
to asanimal weight), R, isthe one period return,
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[ is the exogenous discount factor and it corre-
sponds to the annual interest rate of 8%. The
subscript t refersto time. In the transition equa-
tions, f (.) determines animal growth, provided
the animal is not slaughtered. x, isthelive weight
of the new calf that is replaced for the slaugh-
tered animal.

In a Nordic production environment, the
standard isthat cattle are raised indoors for most
of the time and the matured animal has to be
culled before the stable can have space for anew
calf. Therefore, the optimal value function (V,)
and the one period return function (R,) are stand-
ardized per unit of capacity to grow one animal.
Stacking the continuation and stopping regions
together, the one period return function takes the
form

(2) RO%USU) = (1-ud)[-C(uf,x) + S°(x)
+ §VT(x)] + uS[LP™ + S5—Pf]

where C(u/,x,) isthefeed cost, S is the Com-
mon Agricultural Policy (CAP) subsidy, and SMT
isthe domestic (national) subsidy. CAP and do-
mestic subsidy rates are a function of animal
weight. The parameter L is the percentage of
carcassweight from the animal weight. P isthe
producer price for meat, S%isthe lump sum sub-
sidy paid per animal when it is slaughtered, and
Pt isthepriceof the calf. The calf priceincludes
all transaction costs of animal replacement.

The one period function includes two parts:
returns over the continuation region and returns
upon stopping. In the continuation region we
have us = 0 implying that the returns (or costs)
are the feeding costs and the realized subsidy
rates depending on the current weight of the an-
imal. Over thisregion, the next period weight is
controlled by optimal feeding (u,) through the
animal growth function f. When it is optimal to
cull the animal, we have u® = 1 and the farmer
receivesthe returns from slaughtering, subtract-
ed by the price of anew calf.

At the end of the planning horizon (att = T),
the animal is always culled and the terminal
value function is

(3) Vi(X;) =LP"™X;+ S/

The data

Animal growth and feed uptake

The data are cattle feeding experiments carried
out by Agricultural Research Centre of Finland
(nowadays MTT Agrifood Research Finland) in
1995-1996 (Rinne et al. 1998, Nissi and Pietola
1999). The experiments included 16 Ayrshire
bullswith an averageinitial live weight of 94 kg
at an initial age of 82 days. Two different feed-
ing ratios were applied. Barley was the main
concentrate and silage the main roughage of the
diet in the experiment. For the first block of an-
imals, the concentrate was given at arate of 50 g
DM kg LW®6 (where DM is the amount of dry
matter and LW is live weight) and for the sec-
ond group of animals, the concentrate was given
at arate of 100 g DM kg™ LW, Grass silage
was given ad libitum. These feeds were supple-
mented by a necessary amount of minerals. Bulls
also received some rape seed during the first four
months of the experiment.

Feed ratios varied in a moderate range and
no significant path dependency was observed
(Nissi and Pietola 1999). Therefore, the animal
growth satisfies the Markov property such that
the current state (e.g. live weight) and feeding
determines the animal growth. Path dependency
is also referred to as compensatory growth such
that if a period of poor feeding is followed by
rich feeding the animal will grow faster than
applying constantly the rich feeding.

Animal growth and the demand for barley and
silage were estimated by the standard Ordinary
Least Squares (OLS) method. As suggested by
the biological theory on animal growth, an ex-
ponential Gompertz-function was fitted in the
data. The live weight gain was estimated sepa-
rately for both feeding groups.

The demand of silage was estimated as anon-
decreasing logarithmic function of live weight.
Maintenance requirements are expected to in-
crease with animal weight such that the demand
for silage never decreases when live weight in-
creases. The demand for barley was estimated
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asapower function of live weight. The estimated
animal growth and feed demand functions and
the observed data points are presented in Appen-
dix 1.

The length of the planning horizon (T) was
set at 2,282 days, which corresponds to about
6 years and 3 months. The length of the single
time period (the node in the DP algorithm) is
7 days and the state space for live weight is any
integer between 94 and 600 kg. Theinitial weight
of 94 kg is based on the average weight of the
calves when they entered the experiment.

Prices and subsidy rates

The prices for meat, calves, barley, rape seed,
and minerals are average market pricesin 1998
and their expected prices in the year 2002. The
price expectationsin year 2002 are based on fu-
ture intervention prices. The price of silage is
based on its production costs, as they are esti-
mated in the enterprise budgets of agricultural
extension services (named as HILA-accounts).
Three alternative silage prices are simulated.
These prices are denoted later as “ high,” “ me-
dium,” and“low” pricesof silage. The high price
is the average production cost of silage in the
HILA-accounts. This cost reflects the long run
planning horizon when all costs have to be tak-
en into an account, or, alternatively, producers
who buy the harvest service from a contractor
who is assumed to charge average production
costs of harvesting the silage. Total production
cost is 60% higher than the medium price which

Table 1. Input pricesin 1998 and 2002.

Unit 1998 2002
Barley FIM/kgDM 0.92 0.78
Silage
low FIM/kgDM 0.66 0.70
medium FIM/kgDM 0.82 0.88
high FIM/kgDM 131 1.39
Rape seed FIM/kg 1.94 1.94
Minerals FIM/kg 275 2.75
Caf FIM 1,448 1,208

egual s average variable cost and reflects the short
run planning horizon. Thelow priceis 20% lower
than the average short run cost in HILA-ac-
counts. This price reflects the short run planning
situation on farms which show better than aver-
age economic performance. Thelow priceisalso
justified in situations when farmers have excess
silageinventories. The nominal production costs
of silage are assumed to increase annually by 2%
during the years 1998-2002. The prices of si-
lage and other inputs are given in Table 1.

The optimal decision rules are solved under
alternative beef prices and under three policy
scenarios. The first policy scenario is based on
prices and subsidies observed in 1998. The second
scenario mimics the Agenda 2000 reform and it
is based on expected prices and subsidies in
2002. Thethird scenario uses the expected prices
in 2002 but it adds a premium subsidy for heav-
ier animals (paid at slaughtering). The premium
subsidy isdetermined such that it islarge enough
for enhancing domestic beef production by sup-
plying heavier animals in the market. The goal
of the third simulation is to get information on
how animal subsidies could be used in strength-
ening the supply for domestic beef and how ef-
ficient they are in increasing farmer income.

The Agenda reform is expected to decrease
the intervention price of beef by 20% between
1998 and 2002 (Table 2). These market price

Table 2. Meat price (FIM/kg) by carcass weight in 1998
and 2002.

Carcass weight 1998* 2002**
Under 189 kg 13.30
190-249 kg 13.90
250299 kg 15.30
Over 300 kg 15.80
Under 189 kg 11.80
190-229 kg 12.40
230-259 kg 13.20
260299 kg 14.00
Over 300 kg 14.50

*  Source: TIKE 1999 and Maaseudun Tulevaisuus 1998.
** Source: TIKE 2001 and personal note from Lihakunta.
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Table 3. Subsidy rates for beef production in 1998 and 2002.
Unit 1998 2002

CAP subsidy* FIM/animal 814 1,188
CAP subsidy* 475
Northern subsidy FIM/ LU/year** 1,600 2,500
Northern subsidy FIM/animal/day 2.63 411
Transitional aid:

Carcass weight 180-219.9 kg FIM/animal 388

Carcass weight = 220 kg FIM/animal 793
Special premium for heavy bulls FIM/animal - 200

* CAP subsidy was paid in 1998 for bulls older than 8 months and will be paid in 2002 at the time of
slaughter for bulls heavier than 185 kg carcass weight.
** LU = Livestock unit. A bull older than six months equals 0.6 livestock unit.

movements follow the decreasing intervention
price for meat. The price of meat is adjusted by
quality according to the quality adjustment
schedules observed in 1998. The expected pric-
es and subsidies of 2002 were simulated using
the quality adjustment schedules observed in
2001.

Subsidy rates are set in the model asthey are
paid to a beef producer, located in Central Fin-
land (subsidy area C2). In 1999, for example,
more than 40% of domestic beef was produced
inthisarea (TIKE 2000c). The results also gen-
eralize other most important beef production ar-
eas in Finland.

Beef producersreceive national subsidiesand
subsidies included in the Common Agricultural
Policy (CAP) of the EU. National Northern aid
ispaid annually for every bull that is older than
six months. The national transitional aid was paid
for slaughtered bullsin 1998 but the subsidy was
cancelled in 1999 and will not be paid in 2002
(MMM 1998). This subsidy was the highest for
bulls over 220 kg carcass weight.

The Agenda reform is expected to increase
the CAP subsidy such that it will be more than
40% higher in 2002 than in 1998. Also the pay-
ment schedule will be delayed. In 1998 the sub-
sidy was paid according to the live animals on
the farm but in 2002 farmers receive the pay-
ment after the animal is slaughtered. The mini-
mum carcass weight required for the subsidy is
185 kg. Also, a new CAP subsidy for slaugh-

tered bulls was introduced with Agenda 2000
reform (EU 2000b). The complete set of subsi-
dy rates in 1998 and their expected values in
2002 are given in Table 3.

The third policy simulation is to solve the
DP agorithm under the expected pricesfor 2002
including increased premium subsidiesfor heav-
ier animals. The subsidy rate is determined for
having an optimal carcass weight of at least
270 kg.

Results

Decision rules and value functions at
1998 prices and subsidies

At 1998 prices and subsidies, the optimal tim-
ing of slaughtering was estimated at 14.4 months
when the carcass weight exceeds 250 kg. The
250 kilogram weight hits the quality adjustment
threshold such that the meat price was higher for
carcasses exceeding 250 kg than for carcasses
below the 250 kg (Fig. 1, Table 4).

The price of silage does not significantly af-
fect the optimal timing of slaughtering but it af-
fects farmer returns and animal feeding. When
the price of silage is decreased by 20%, from
medium to low, the feeding remains practically
unchanged but farmer returns increase by 10%.
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Fig. 1. Meat price thresholds and
the optimal carcass weights in
1998 and 2002.

Table 4. Optimal decisions rules and value functions at 1998 prices and subsidy rates.

Silage price
Low Medium High
Carcass weight at slaughter kg 255 255 253
Age at daughter months 14.9 14.9 14.4
Valuefunction FIM 13,145 11,803 8,177
Concentrate/roughage ratio % DM* 24/76 24/76 35/65

* The %-share of concentrate over the %-share of silage in total amount of dry matter in the diet.

If the silage price is increased from medium to
high, concentrates substitute for a substantial
amount of silage in animal feeding and farmer
returns are decreased by 30% (Table 4).

Decision rules and value functions
at 2002 prices and subsidies

At 2002 prices and subsidies, the optimal tim-
ing of slaughter was estimated at 10.9 months
of age and at a carcass weight of 194 kg. Now,
the optimal timing of slaughter is at the point
werethe bull reachesthefirst quality adjustment
(price increase) after reaching the minimum
weight required for the CAP subsidy (Fig. 1,
Table 5). Thus, the Agenda 2000 reform is pre-
dicted to decrease farmer incentives to raise
heavier animals, which will result in aweakened

supply of beef given a fixed number of calves
available for production.

Thereform will, nevertheless, increase farm-
er returnsby FIM 2,330-3,650 (€392—€615) per
capacity unit over the planning horizon. In an-
nual terms, the corresponding increase is FIM
372-584 (€62.7—€98.3) per capacity unit. The
returns are predicted to increase the most for
farmers paying high pricesfor silage. Substantial
adjustment in animal feeding will also be real-
ized. Particularly, farmers producing silage at the
medium price will substitute more concentrates
for silagethan before the reform (Tables4 and 5).

Decision rules and value functions
at 2002 prices and premium subsidies

Inthis scenario, the size of the premium subsidy
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Table 5. Optimal decision rules and value functions at 2002 prices and subsidy rates.

Silage price
Low Medium High
Carcass weight at slaughter kg 191 191 194
Age at slaughter months 109 109 109
Value function FIM 15,475 14,289 11,828
Concentrate/roughage ratio % DM* 32/68 33/67 42/58

* The %-share of concentrate over the %-share of silage in total amount of dry matter in the diet.

Table 6. Decisions rules and value functions under a premium subsidy for heavy animals.

Silage price
Low Medium High
Carcass weight at slaughter kg 272 271 271
Age days 488 481 474
Value function FIM 15,687 14,526 11,617
Premium subsidy FIM 400 500 800
Concentrate/roughage ratio % DM* 26/74 29/71 33/67

* The %-share of concentrate over the %-share of silage in total amount of dry matter in the diet.

is determined so that it provides incentives to
raise animals to the carcass weight of at least
270 kg. The results suggest that the premium
subsidy should be FIM 400 (€67) at the low si-
lage price, FIM 500 (€84) at the medium silage
price and FIM 800 (€135) at the high silage price
(Table 5). Thus, the premium subsidy granted
for heavier animals should be FIM 200-600
(€34—€86) higher than it was in 2001. Similar
effect could also be generated by a price premi-
um of FIM 0.75-2.22 (€0.17—€0.32) per kilo-
gram of meat granted only for carcasses heavier
than 270 kilograms. These threshold levels of
the premium subsidies and prices would, never-
theless, be inefficient in subsidizing farmer in-
come because most of the premiums would be
lost in extra feeding costs to increase carcass
weights (Tables 5 and 6).

The premium subsidy will also have impli-
cations for optimal feeding ratios. It would in-
crease the share of concentrates on farms hav-
ing the low silage price but keep the feeding ra-
tios practically unchanged on farms having the
high silage price (Table 6).

Results of sensitivity analysis

The simulated 15% changesin the meat and calf
prices do not change the optimal timing of
slaughtering but they have large impacts on farm-
er returns. If the meat price decreases by 15%
the value of the optimal value function decreas-
es by 17%. The decrease of 15% in calf price,
on the other hand, increases the value of opti-
mal value function by 9%. These simulation re-
sults are reported in more detail in Appendix 2.

Concluding remarks

Estimated optimal cattle feeding and slaughter-
ing indicate that the Agenda 2000 reform has
significant effects on the beef sector and on farm-
er incentives to raise animals in a country like
Finland with its high production costs. If the
European common reform is not supplemented
by any domestic programs it will weaken the
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supply of beef. At decreased prices, it is not prof-
itable to grow heavier animals and optimal car-
cass weights will be decreased by about 55 kg.
If the number of slaughtered bulls decreases from
192,700 in 1998 by 2% annually and the carcass
weight decreases as predicted from 255 kg down
to 200 kg, the supply for beef is predicted to
decrease by 13.6 million kg, which accounts for
14.6% of the total beef supply in 1998.

The predicted supply effect of the Agenda
2000 reform is large, because the subsidy pay-
ments dominate farmer decisionsto choose most
profitable timing of slaughtering. The reform
will make these payments even more dominant
than they were in 1998. It will also reschedule
the subsidy payments earlier such that farmer
incentivesto rear heavy animalsis significantly
decreased.

The Agenda reform has also important im-
plications for optimal feeding ratios. The gener-
al tendency is that concentrates are substituted
for silage more than before the reform, because
silage price is based on high domestic produc-
tion costs but the price of concentrates follow
decreased market prices. When silage is priced
at average variable costs (medium price in the
text), the amount of silage in the optimal feed-
ing ratio is predicted to decrease by 12%. The

share of silage will be decreased in feeding by
9%-points (from 76% to 67%). The Agenda re-
form gives reason to be concerned about animal
welfare, sinceit will alter the optimal diet apart
from the ruminants' natural diet. Rich feeding
ratios are expected to decrease ruminants wel-
fare (Huhtanen 1998).

The Agenda reform is predicted to increase
farmer returns because subsidies are increased
and farmers will adjust feeding and the timing
of slaughtering to the decreased prices. Never-
theless, if Agenda reform is supplemented by a
domestic subsidy enhancing the supply of beef,
this subsidy has negligible effects on farmer in-
come. Raising heavier animalsincreasesthe pro-
duction costs of beef. Thus the subsidy can be
interpreted as a subsidy for consumers rather
than an income subsidy for beef producers.

In summary, the results of this study support
the foundations of Seppéléa et al. (1999) indicat-
ing that Agendareform increases farmer income
and the share of concentratesin the optimal feed-
ing ratios, but the optimal carcass weight de-
creases and hence the supply for domestic beef.
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SELOSTUS

Politiikkamuutosten vaikutus linanautojen optimaaliseen ruokintaan ja
teurastuksen ajoitukseen

Pekka Pihamaa ja Kyosti Pietola
MTT (Maa- ja elintarviketal ouden tutkimuskeskus)

Naudanlihan tuottajahintojen voimakkaasti alentuessa
suomal ai sen naudanlihan tuotantoa on yll&pidetty tu-
kitoimenpitein, joillatiettyyn ik&én tai teuraspainoon
kasvatetuista naudoista on maksettu viljelijélle palk-
kiota. Tukitoimenpiteista huolimatta naudanlihan tuo-
tanto on alentunut Suomessa EU-jasenyysvuosien ai-
kana huomattavasti, eika kotimaisen lihan tarjonta ole
endi 1990-luvun lopulla riittanyt kattamaan sen ky-
syntéd. Uudet, koko EU:n kattavat maatal ouspolitii-
kan uudistukset alentavat naudanlihan tuottajahinto-
jaedelleen jalisddvat viljelijdiden riippuvuutta eldin-
ten pitoon sidottuihin tulotukiin. Etenkin korkeiden
tuotantokustannusten Suomessa uudistus heréttéa tar-
keita kysymyksia siitd, kyetdanko jarjestelmalla enda
yll8pitdmaan riittdvaa kotimai sen naudanlihan tarjon-
taa, ja kuinka tehokkaita eldinten pitoaikoihin ja teu-
raspainoihin kytketyt tuet ovat viljelijan ja yhteiskun-
nan hyvinvoinnin kannalta.

Téassa tutkimuksessa selvitettiin lihasonnien op-
timaalisia ruokintatapoja ja teuraspainoja Agenda
2000 -uudistusta edeltaneilla ja sen jalkeen odotetuil-
la naudanlihan hinnoilla sek& sonnien pitoon kytke-
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hun hinnalla, koska séildrehun hinnat vaihtelevat ti-
|akohtai sesti. Naudan ruokinta ja teurastuksen ajoi-
tus optimoitiin numeerisesti kayttamalla dynaamista
ohjelmointia.

Ellei Agenda 2000 -uudistusta tédydennetd kansal -
lisilla naudanlihan tarjontaa vahvistavilla toimenpi-
teilld, sonnien optimaalinen teuraspaino alenee ja
naudanlihan tarjonta heikkenee merkitsevasti.

Mikéli tavoitteena pidetdan yli 270 kilon teuras-
painoja, tulisi painavien sonnien teurastuksesta mak-
saa tukea yli 500 markkaa, kun vuonna 2001 vastaa-
vatuki on 200 markkaa. Suuruudeltaan 400800 mar-
kan tuki kannustaisi viljelijda kasvattamaan raskaita
sonneja, mutta tuki kuluisi |&hes kokonaan lisékas-
vatuksen kustannuksiin. Taman suuruinen tuki olisi-
kin luonteeltaan ensisijaisesti kuluttajatukea, joka
vahvistaisi kotimaisen naudanlihan tarjontaa, mutta
se ei oleellisesti kasvattaisi viljelijan saamaa maata-
loustuloa. Vasta 800 markkaa ylittéavalta osalta tuki
olisi selkeasti suoraa tulotukea, josta padéosajéisi vil-
jelijale.
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Growth function

The exponential type Gompertz function is usually expressed as an equation between the animal
age (¢) and weight (x;) :

(Al.1) x, = aexp(—kexp(-bt))

where a, b and k are parameters. Parameters a and b are usually referred to as an adult weight and a
maturating ratio of the animal. A more convenient form for estimation is obtained by differentiating
the levels form Gompertz function with respect to age of animal. This differentiated form of (A1.1)
is:

(Al.2) X, =% (c=blnx,)+u,

where c=1+bIna, and u, is an error. The estimation results indicate that the parameters 5 and ¢
differ significantly from zero in both feeding groups (Table A1.1).

Table Al.1. Parameter estimates in the growth function (A1.2) by feeding groups (t-values in
parentheses).

Parameter R squared
a b [
Feeding group 1 717.3 0.135 1.89 0.996
(19.9) (46.4)
Feeding group 2 713.6 0.143 1.94 0997

(21.5) (48.7)

Serial correlation in the error u, was tested by estimating an auxiliary regression
(A1.3) u,=gu,_ +v,

where v, is an error and @is a parameter. The results suggest that ¢ does not significantly differ
from zero, which implies that serial correlation is insignificant (Table A1.2.).

Heteroskedastic error was tested for by estimating an auxiliary regression of the from
(Al.4) In(u;) =y, +7x, +¢&

where »?, =is the squared error of equation (A1.2), & is an error, and y are parameters. The results
suggest that the error is heteroskedastic in feeding group 1 (i.e. y;#0) and the parameter estimates
are no longer efficient. Therefore, the growth function (A1.2) was re-estimated in feeding group 1
using Generalized Least Squares (GLS) technique such that heteroskedasticity of the form reported
in Table (A1.2) was corrected for. Nevertheless, the GLS results given in Table (A1.3) suggest that
correcting for heteroskedasticity did not, in practice, change the parameter estimates from those
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obtained by OLS. Therefore, the original OLS estimates reported in Table Al.1 were used for both
feeding groups in the DP algorithm. The fitted growth functions and the observed data points are
plotted in Figures Al.1 and A1.2.

Table A1.2. Parameter estimates and their t-values (in parentheses) in (A1.3) and (A1.4).

Serial correlation (A1.3) Heteroskedasticity (A1.4)
¢ 7o 7
0.0348 2.12 0.00257
Feeding group 1
(0.397) (4.70) (1.97)
0.105 222 0.00154
Feeding group 2
(1.12) (4.01) (0.961)

Table A1.3. GLS estimates for the parameter in the growth function for feeding group 1 (t-values in
parentheses).

Parameter R squared
a b c
Feeding group I 709.9 0.138 1.90 0.991
(22.5) (52.6)

Demand of silage

The demand of silage was estimated in

(AL.5) y=a+b*in(x)

where y is daily demand of silage measured in dry matter and a and b are parameters. The fitted

functions and the observed data points are plotted in Figures Al.3. and Al.4.

Table Al.4. Parameter estimates in the silage demand functions by feeding groups (t-values in
parenthesis).

Parameter
a b
. -12.0 3.01
Feed 1
seding group (-22.8) (-32.4)
-10.5 2.55

Feedi 2
cecing group (-19.7) (27.1)




AGRICULTURAL AND FOOD SCIENCE IN FINLAND

Appendix 1
Demand of barley
The demand of barley was estimated in

(A1.6) y=ax"’

where y is daily demand of barley measured in dry matter and a = parameter. The fitted functions
and the observed data points are plotted in Figures A1.5 and A1.6.

Table A1.5. Parameter estimates in barley demand function by feeding groups (t-values in
parenthesis).

Parameter R squared
a

Feeding group 1 ?223817) 0.971

Feeding group 2 (0122482) 0.900
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Growth of animals in 1 st group
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Fig. A1.1. Animal growth in group 1.

Growth of animals in 2 nd group
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Fig. A1.2. Animal growth in group 2.

Silage demand of group 1
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Fig. A1.3. The demand of silagein group 1.
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Silage demand of group 2
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Fig. A1.4. The demand of silagein group 2.
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Fig. A1.5. Demand of barley in group 1.
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Fig. A1.6. Demand of barley in group 2.
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Results of sensitivity analysis

Table A2.1. Optimal decision rules and value functions at 2002 prices and subsidies. Price of calf is
a variable factor and silage fixed at the medium price.

Calf price

unit Low (-15%) Medium High (+15%)
price of calf FIM 1,389 1,208 1,389
Liveweight kg 391 390 390
Carcass weight kg 192 191 191
Age days 327 327 327
Age months 10.9 10.9 10.9
Value function FIM 15,541 14,289 13,070
Concentrate /
roughage ratio % DM* 34/66 33/67 33/67
Change in value
function % 9% 0% -9 %

* The %-share of concentrate over the %-share of silage in total amount of dry matter in the diet

Table A2.2. Three alternative meat prices simulated.

Low Medium High

change (- 15%) (+ 15%)
Carcass weight
Under 189 kg  FIM/kg 10.03 11.80 13.57
190-229 kg FIM/kg 10.54 12.40 14.26
230-259 kg FIM/kg 11.22 13.20 15.18
260-299 kg FIM/kg 11.90 14.00 16.10
Over 300 kg FIM/kg 12.33 14.50 16.68

Table A2.3. Optimal decision rules and value functions at 2002 prices and subsidies. When
alternative meat prices are simulated the price of silage and the price of calf are fixed at “medium”.

Meat price
unit Low (-15%) Medium _ High (+15%)

Carcass weight kg 191 191 192
Age months 10.9 10.9 10.9
Value function FIM 11,891 14,289 16,692
Concentrate /

roughage ratio % DM* 33/67 33/67 34/ 66
Change in value

function % -17% 0% 17 %

* The %-share of concentrate over the %-share of silage in total amount of dry matter in the diet
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