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Abstract 
 
Bio-economic modelling in livestock production systems presents the 
opportunity for incorporating some elements of human decision making and 
simulates the impact of such decisions using mathematical relationships 
produced from biological and economic parameters. This paper has reviewed 
the processes of bio-economic modelling as applied to livestock genetic 
improvement especially in simulating profitability of alternative enterprises 
as well as estimation of biological and economic weights. A collection of 
country specific bio-economic models developed for different species of 
livestock have been critically analysed in describing their design and 
application. Participation of target group farmers in design and 
implementation of the models with respect to their reliability has been 
presented. It is found that most models were generated from animal life-
cycle on farm while considering animal age groups, biological and economic 
parameters influencing revenues and costs. The differences in the level of 
participation closely related to the production system of target farmers. Bio-
economic models have remained a tool for professional animal breeders with 
little extension of the technique to fit farmers’ preferences. In most cases, 
livestock farmers had very little control of the estimates of parameters 
generated from bio-economic modelling. Farmer-based option (accounting 
for risks) of bio-economic modelling could increase acceptability and 
utilisation of estimates derived from them. Therefore design and application 
of bio-economic models for livestock genetic improvement could greatly 
benefit from participation of target groups and incorporation of sensitive 
systemic variables to improve repackaging of information that enhance 
sustainable adoption by actors in the livestock industry. 
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Introduction 
 
Bio-economic modelling as applied in agriculture presents the opportunity 
for incorporating some elements of human decision making and simulates 
the impact of such decisions using mathematical relationships produced from 
biological and economic parameters of a production system. The bio-
economic models as discussed by Brown (2000) are basically a continuum 
with one extreme representing models that are primarily biological process 
models to which an economic analysis component has been added while the 
other extreme are the economic optimisation models which include various 
bio-physical components as activities among the various choices for 
optimisation. Between these two variants are the integrated bio-economic 
models (BEMs), e.g. Kahi and Nitter, (2004) on dairy cattle and Rewe et al., 
(2006) on beef cattle production systems in Kenya. The BEMs are a measure 
of human decision through assessment of the feedback of human activity and 
natural resources. Because of the complexity of agricultural systems, a trade-
off between simplicity and usefulness emerges when integrated models are 
used.  
 
This paper focuses on the critical outlook of BEMs used for livestock genetic 
improvement in Kenya. The aim is to analyse the appropriateness of model 
design and its influence on application towards answering production 
questions. 
 
Materials and Methods 
 
Six integrated BEMs applied in the development of breeding objectives for 
different livestock species in Kenya were reviewed and analysed for design 
and application. These included Kahi and Nitter, (2004) on dairy cattle, 
Kosgey et al., (2003) on small ruminants, Rewe (2006) on beef cattle, Bett et 
al., (2007) on dual purpose goats, Menge et al., (2005) on chicken, Mbuthia 
et al., (2012) on pigs and Bett et al., (2012) on dual purpose goats. Justified 
by the recommendations from Kahi et al., (2010) and Brown (2000) on 
socio-economics of livestock genetic improvement programmes and 
classification of bio-economic models respectively, this work considered 
relevant analytical levels for an in-depth analysis of the models as indicated 
below. 
 
Analytical Levels 
a)  Purpose of model, estimation of economic values or biological values 

of traits 
b)  Estimation criteria, use of subjective or objective calculations 
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c)  Model drivers, is the model output driven or input driven 
d)  Scale of application, farm specific, production system specific and 

extended (adaptability to other regions) 
e)  Risk analysis, consideration of the fact that knowledge is imperfect and 

economic circumstances are dynamic in time 
f)  Participatory approaches, incorporation of farmer preferences in 

development of breeding objectives (intangible benefits) 
g)  Target group, the farmer category benefitting from the usefulness of the 

estimates 
 
Analysis 
Table 1 shows the summary of results obtained after analysing the six BEMs. 
Most of the BEMs were adequately complex and have orientation towards 
profitability. However, it was difficult to assess the level of producer group 
participation in deriving the BEMs.  
 
Table 1: Design and application of various bio-economic models (1-7) 
developed for livestock genetic improvement in Kenya 

Parameter Subset 1  2  3  4  5  6 7 
Livestock 
species 

 Dairy 
Cattle 

Sheep Beef 
Cattle 

Goats Chicken Pigs Goats 

Purpose of 
model 

Economic 
value 

Yes Yes Yes Yes Yes Yes Yes 

Biological 
value 

No No No No No No No 

Estimation 
criteria 

Objective Yes Yes Yes Yes Yes Yes Yes 
Subjective No No No No No No No 

Model 
drivers 

Inputs Yes Yes Yes Yes Yes Yes Yes 
Output No No No No No No No 

Scale of 
Application 

Farm 
specific 

No No No No No No No 

Production 
system 
specific 

Yes Yes Yes Yes Yes Yes Yes 

Extended Yes Yes Yes Yes Yes Yes Yes 
Risk 
analysis 

 No No No No No No Yes 

Participatory 
approaches 

 - - - - - - - 

Target group  Large 
Scale 

Small 
Holder 

Large 
Scale 

Small 
Holde
r 

Small 
Holder 

Small 
Holde
r 

Small 
Holde
r 

Model/Author Sources: 1.Kahi A.K. 2004, 2. Kosgey I.S. et al, 2003, 3. Rewe T.O. et al, 
2006, 4. Bett R.C. et al,  2007, 5. Menge E. et al, , 2005, 6. 
Mbuthia J.  et al, 2012, 7. Bett R.C. et al, 2012 
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Most of the models were production system specific and could be extended 
to fit other production circumstances in the tropics. The main control was 
through the input levels rather than set output targets whereas the estimation 
was basically objective based on on-farm parameters representing the 
economic and biological characteristics of production, marketing and 
technical environments. 
 
Discussion 
 
The livestock species considered in the development of the BEMs reflected 
some of the major livestock utilised for food in Kenya (EPZ, 2005). The 
overall aim in all the studies was economic in nature, showing that the 
direction of resource allocation will tend towards profitability. This scenario 
alludes to the fact that biological performance of livestock systems could be 
assessed using economic indicators (e.g. economic values of inputs).  
 
The BEMs under study avoided the use of subjective methods, it has been 
shown that when the economic values of traits are calculated by “ad-hoc 
approach” where economic values are defined by a subjective decision of the 
breeders, then there is risk of overestimation of benefits from genetic 
improvement (Krupova et al., 2008). Setting the required genetic gain for 
each trait (desired gain method) (Groen, 1989) could probably be used 
instead of subjective methods. The BEMs utilised objective methods 
whereby one or more equations that represent the behaviour of a production 
system were developed and optimised using appropriate inputs to calculate 
economic values based on resultant outputs from the models. The objective 
approach is considered non-biased and has the potential to closely predict the 
real-life situation. The dependency on inputs to generate particular levels of 
outputs was evident. The models were therefore driven by inputs requiring 
different decision making processes to attract desirable outputs. This was 
probably aided by the fact that in Kenya no output quotas exist and therefore 
no immediate need to set output limits. In such production environments, 
BEMs will most often be described as effort- or performance-dependent 
models (Larkin et al., 2011). 
 
Application of model outputs was more inclined towards the specific 
production system under which the model was defined with provisions for 
adaptation to other similar production systems elsewhere. The risk of this 
assumption is that replicating a production system vis a vis marketing and 
technical environment is in most cases unrealistic. This is confounded in the 
fact that model outputs inform management strategy for purposes of 
changing decisions or enhancing good ones. This is the process of 



Design and Application of Bio-economic Modelling in Livestock                                       117 

Egerton J. Sci. & Technol. Volume 12: 113-119 ISSN No. 2073 - 8277 
 

optimisation that requires finding an optimal solution (maximization of 
profits, incomes, welfare, or minimization of costs or social costs) given a set 
of limitations (Prezello et al., 2009). Only one model of the ones studies 
analysed risk as a possible effect that influences economic values of animal 
traits (Bett et al., 2012). Animal breeders in calculating economic values 
from production system parameters are expected to take into account the fact 
that knowledge is imperfect and economic circumstances are dynamic in 
time (Kullak et al., 2003). In that study Kullak et al., (2003) showed that 
incorporation of risk, which is defined as the variance of profit and 
producer’s risk attitude, revealed differences in traditional economic values 
and risk-rated economic values.  
 
Generally, estimating economic values for breeding objectives of large scale 
livestock production units had lesser systemic challenges than for small 
holder systems since biological and economic parameters were more difficult 
to assess in small holder systems (Kosgey et al., 2003; Menge et al., 2005; 
Bett et al., 2007). 
 
Conclusion 
 
Real life questions in livestock production are diverse, answering them 
requires a diversity of models that account for the internal and external 
systemic differences. Among the BEMs evaluated, goat production systems 
benefitted from estimation of traditional and risk rated economic values. It 
would be important for all livestock production system to have model 
options for use in evaluating management strategies.  Including risk 
preferences in breeding objective description is known to affect the 
profitability of breeding programs and therefore is expected to impact the 
direction for selection (Kullak et al., 2003). Development of bio-economic 
models geared towards livestock genetic improvement should therefore 
account for all systemic variables that influence the accuracy of estimated 
economic values. 
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