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Abstract: 
Dairy production is crucial for food security but also under pressure from the ongoing climate change. Of 
particular severity is the projected increase of heat waves. Evidently, heat waves cause stress effects on 
cattle by altering its metabolism with implications for its milk production, fecundity, and emissions. Thus, 
it is crucial to predict future developments under scenarios of climate change, to causally understand the 
heat stress effects on the cattle, and to clarify what factors are determining its strength. A subsequent task 
is to identify critical extents of heat waves where the cattle’s functions collapse, but also to find options 
of barf management which can reduce the heat stress on the cattle. There are excellent data available at 
the ATB on the relationship between various environmental factors and various cow-attributes. For 
predictions of future developments, however, the mechanisms underlying these relationships have to be 
fully understood. 

Aim of the project is to develop innovative methods for linking an ATB Digital Twin (DigiMuh) on the cattle-
environment-relationship with so-called individual-based models (IBM) of the next generation and 
important concepts from disturbance / resilience theory. ‘Next-generation IBMs’ (expertise of UOS) relate 
all individual-level processes to ‘first physiological principles’ (esp. thermodynamics, dynamic energy 
budget theory; expertise of ATB and UOS). This will enable simulating the cattle’s stress response to heat 
waves in a mechanistically sound way, improving causal understanding of the cattle-environment-
relationships from the DT, and predicting implications of scenarios of future climate change and barf 
management. The project can also be seen as case study for linking process-based models with digital 
twins in a way that the workflows are rooted in system theories, help understanding causalities and 
tackling pressing needs from a changing world.   
 
Desired skills of the applicant:  

 Background: applied systems sciences, computational ecology, mathematics, or similar 
 Experience with process-based models (ideally ecological models) and complex data analysis 
 Excellent programming skills 
 Interest in model-data-integration, workflows for linking simulation models to digital twins 
 Interest in predicting and tackling challenges to bioeconomy under climate change. 
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