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ABSTRACT 
 

Organic steer production demand several decisions concerning grazing strategy, feeding level in the 

winter and factors as slaughter weight and length of the fattening period. The production can be 

difficult to optimise, therefore the objective of this study was to describe a model developed to 
optimise the fattening and slaughter strategy of steer production concerning economy at an 

individual level. The steer model is a 4- level hierarchical Markov process with decisions defined at 

three levels. Decisions taken in the model include grazing strategy (marginal grass or clover grass), 

feed level in winter (high and low), time for beginning of fattening (19-27 months) and time of 

slaughter (19-30 months). 

 

 
1. INTRODUCTION 
 

The majority of bull calves born on organic dairy farm in Denmark are sold to conventional farms 

for fattening or reared as steers on the farm of origin (Nielsen and Thamsborg, 2002). Castration of 

bull calves result in decreased gain, but it also gives the possibility to have an extensive production 
with high amounts of roughage, grazing in the summertime and low input of cereals. The European 

standards for organic livestock production demand summer grazing and a daily feed ration with 

minimum 60% of roughage (CEC, 1999). Additionally steers generally have a better eating quality 

than bulls, because of a higher marbling (Andersen and Ingvartsen, 1984; Steen and Kilpatrick, 

1995) lower collagen content and higher collagen solubility (Temisan,1989). Beef from cattle fed 

high amounts of roughage or on pasture has a higher content of conjugated linoleic acid (CLA), 

which are expected to have anticarcinogenic and antiartherogenic properties (Jahreis et al. 1997; 

Dhiman et al., 1999). 

 

Steers are typically slaughtered at an age of about 2 years, and several decisions have to be taken 

during the production life of the steer. Grazing strategies can be based on clover grass pastures 

(high yield, feed quality and daily gain) or on marginal grazing areas (low yield, feed quality and 
daily gain). Clover grass pastures are typically part of the rotation and have a high alternative value, 



whereas marginal grass is found on permanent pastures that have a low alternative value and should 

be grazed to maintain biodiversity. In the winter season, the farmer has to decide feeding level. Low 

feed level in the winter can result in high daily gain the subsequent grazing period due to 

compensatory growth. However, complete recovery is seldom seen, and steers on low feed level in 

winter will be lighter at the end of the following grazing season. Thus, decisions concerning the 

feed level in winter have to be taken under consideration of consumption of feedstuff in the winter 

and the final weight of the steer. The decisions concerning grazing strategy, winter feeding and 

other factors as slaughter weight and the length of the fattening period can be difficult to optimise, 

therefore the objective of this study is to describe a model developed to optimise the fattening 

strategy of steer production concerning economy at an individual level.  

 
2. MODEL FORMULATION 

 

In the production of fattening steers, slaughtering of an animal gives the opportunity to replace with 

a young animal. Thus decisions have to be made, whether the steer should be slaughtered or it 

should be kept for another period. These kinds of decisions are similar to the replacement problems 

in dairy cow production (Kristensen, 1996). Thus, in the fattening process a sequence of decisions 

has to be made and dynamic programming is a good method to be used (Makulska and Kristensen, 

1999).  

 

Markov decision processes combine dynamic programming and Markov chains, and the system is 

observed over infinite or finite time horizon split up into periods referred to as stages. At the 

beginning of each stage, the state of the system is observed and a decision has to be made. In 

Markov decision problems, value iteration is often used under finite planning horizon. However, 
value iteration is not as exact and efficient as policy iteration when used under infinite planning 

horizons. In order to combine these methods, the multi- level hierarchic Markov process (MLHMP) 

has been developed. Within MLHMP, series of Markov decision processes, called child processes, 

are built together in the founder process. State variables in the founder process are permanent traits 

that vary between animals but are constant over time (e.g. genetics). Variables in the child processes 

vary over time also for the same animal (e.g. feeding level). A child process may be further 

extended to a (grand-) child level, if convenient. MLHMP determines the optimal decisions by 

maximising some predefined objective function.    

 

On the organic dairy farm resources as feedstuff and stable capacity are the constraining factors. 

The steers are reared in groups, but replaced by other steers when some are slaughtered. Therefore 

the model is based at single-animal level. The steer model is a 4- level hierarchical Markov process 
(Kristensen and Jørgensen, 2000) with decisions defined at three levels. 



 

Model structure  

 

The founder process of the model has an infinite time horizon and the stage length is equal to the 

life span of a steer in the herd that is maximum 30 months. The state space is month of birth and has 

thus 12 levels. No decisions are made at the founder level. The decisions to be taken in the sub 

processes are included in the model as 3 child levels: 

 

- Child level 1 

At the beginning of every grazing season the farmer has to decide, whether the steer should 

graze marginal grazing areas or clover grass fields. In the same way, at the beginning of 
every winter period in stable the farmer has to decide whether the steer should be fed at a 

high or a low feeding level. The decision is made based on the state defined by the weight of 

the steer and - for the grazing season – the feed level during the winter period (in order to 

allow for compensatory growth). The stage length is equal to the duration of a grazing or a 

stable season (typical 6 months). The age of the animals is given by the stage number in 

combination with birth month (state at founder level).  

 

The minimum slaughter age in the model is defined at 19 months. Therefore, if the age of the steer 

will not exceed 18 months before the end of the stage in child level 1 no further levels are defined. 

When the steer is 19 months old, a decision has to be taken, whether the steer should be 

slaughtered, fattened at a high feeding level or continue as usual. This is defined in child level 2:    

 

- Child level 2 
The three actions are defined as mentioned above (“continue as usual”, “start fattening” and 

“slaughter”). In case the action “start fattening” is taken, a new process at child level 3 

represents the fattening period. Weight gain is the main state variable (5 levels) at child level 

2. Compensatory growth is defined in the model, when steers are on pasture following low 

feed level in the stable. There is no compensatory growth defined during winter following 

grazing on marginal grass.    

 

- Child level 3 

In the fattening period the farmer can decide every month to “continue fattening” or 

“slaughter”. Also at this level, the main state variable is weight gain (3 levels). The actual 

weight of the animal at any stage is defined from the weight at child level 1 together with 

the gains defined at child level 2 and child level 3, respectively. Compensatory growth is 
defined during the fattening period following low feed level in the stable and following 



grazing, whereas the model does not distinguish between compensatory growth following 

marginal grass or clover grass. As daily gain in autumn is low on both marginal grass and on 

clover grass this approximation seemed to be acceptable.  

 

In Table 1, an overview of the model structure is given. The total number of state combinations is 

around 474,000 making the model rather big compared to most other dynamic programming models 

described in literature. It has been programmed in Java as a plug- in to the MLHMP1 software 

(Kristensen, 2002). 

 

Table 1. Overview over model structure 
 Founder 

process 
Child level 1  Child level 2 Child level 3 

Time 
horizon 

Infinite Finite Finite Finite 

Stage 
length 

Life span of 
the steer 

Duration of grazing 
or stable season 

Stage 1 is the period 
until the steer is 19 
months, stage 2 to 6 
are 1 month  

1 month 

State space Birth month, 
12 levels 

Live weight,  
varying levels  

Live weight gain 
since start of child 
level 2, 5 levels 

Live weight gain since 
start of child level 3, 3 
levels 

Action 
space 

Only one 
dummy action 
is defined 

“Marginal or clover 
grazing” 
“High or low feeding 
level” 

“Continue as usual” 
“Start fattening” 
“Slaughter” 

“Keep” 
“Slaughter” 

 
 
 
Model conditions  

The model is based on Danish Friesians steers.  

 

Grazing (child level 1) 

The grazing season is 5 and 6 months on marginal grass and clover grass respectively. The mean 

daily gain during the whole grazing season is 800-900 g on clover grass pastures and 500-700 g on 

marginal grass. The daily gain the first month following turn-out is somewhat lower, as observed in 

several grazing experiments (Wright et al. 1986; Cazcarra and Petit, 1995). Following low feeding 

level in winter compensatory growth on grass is typical seen therefore compensatory growth is 
defined in the model. In the months 2-4 following turn-out, daily gain is increased with 350 g on 

clovergrass and with 15% on marginal grass compared to the normal defined daily gain (see above) 

                                                 
1 The MLHMP software and the plug-in are available at http://www.prodstyr.ihh.kvl.dk/software/mlhmp.html where it 
may be downloaded for free. 



(Wright et al., 1986; 1989). Calves with a liveweight lower than 150 kg at turn-out have reduced 

daily gain in the first month following turn-out (17%) (Nielsen et al. 2002 submitted). Calves born 

after the 1 May are not turned-out on pasture in the recent grazing season. 

 

Fattening (child level 3)     

The feeding level in the fattening period is defined to 1300 g/day. Compensatory growth in the 

fattening period is defined as an increase in daily gain of 20 and 40% for 3 months after low feeding 

level for 3-4 and minimum 5 months respectively. 

 

In Table 2 an example is shown of defined daily gain for a steer born in November at an age from 4 

to 9 months (Marts to August). The steer is fed in the stable in Marts and April and is grazing on 
clover grass (1 May to 31 October) and on marginal grass (1 May to 31 September). Daily gain is 

low in May in relation to turn-out  

 

 

Table 2. Example of daily gain defined in the model for a steer born in November. In Marts and 

April, the steer is fed in the stable (at high and low feeding level) and in May the steer is turned out 

to pasture until 31 October and 31 September on clover grass and marginal grass respectively.   

 Daily gain, g/day 

Month  3 4 5 6 7 
 
8 9 10 

Age, month  4 5 6 7 8 9 10 11 
         
Pasture Winter feeding level         
Clover grass High 800 800 200 1100 1100 1100 900 400 
Clover grass LOW 500 500 500 1300 1300 1100 900 400 
Marginal grass HIGH 800 800 - 9% of LV 950 900 850 400 800 
Marginal grass LOW 500 500 - 9% of LV 1000 950 900 400 800 
 

 

3. DISCUSSION 

The organic steer production problem described in this study is characterised by natural well-

defined phases as expressed by the alternating stable and grazing periods as well as the finishing 

fattening period. Since the decisions being made are closely related to those natural phases, the 
problem seems to be very well suited for the decomposition of the state and action spaces which is 

the true force of multi- level hierarchic Markov processes. Despite the vast size of the model, the 

hierarchic structure and the associated decomposition ensure that the model is still tractable from a 

computational point of view. 

 



The model described is (to the knowledge of the authors) the first model ever containing four levels 

(the founder and three child levels). It has therefore also been considered as an interesting challenge 

to the MLHMP software, which originally was created mainly for teaching and demonstration 

purposes. The creation of this model as an MLHMP plug- in nevertheless demonstrates that the 

software is also relevant as a tool for building and optimising professional real-world models. 

 

The steer model can be considered as a general theoretical description of a steer production, but also 

from a practical point of view, data from a specific farm can be introduced to the model and 

optimisation at farm level is therefore a possibility.  
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