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3Leuphana University Lüneburg, Department of Sustainability Sciences, Germany

Abstract

Arid and semi-arid rangelands are characterised by highly uncertain and variable cli-
matic conditions. This pose the major challenge to extensive livestock farming that is the
predominant form of utilisation in these areas and provides food and livelihood for millions
of people. Hence, the need for well adapted grazing strategies is especially high to enable
an effective risk management. However, there exist several contradictory management ap-
proaches that differ in their level of complexity and flexibility, e.g. in their consideration
of spatial variability.

In this paper we analyse how to adapt semi-arid grazing systems to spatial and temporal
variability in ecosystem conditions. In particular, we evaluate the viability of different
management options, and their response to fluctuating climatic conditions. We study the
importance of space in management decisions and figure out how it should be incorporated
into the management approach.

To this end, we use a generic simulation model that consists of a physiologically well-
founded vegetation model combined with a rule-based model for the livestock management.
The vegetation is represented by a perennial grass species, described by storage biomass
(the ‘vigour’ of the plant) and aboveground biomass, which provides forage for the livestock.
Vegetation growth rates increase with precipitation, which underlies stochastic fluctuations
due to temporal heterogeneity of the rainfall. Furthermore, the state of the vegetation is
negatively affected by livestock grazing. Therefore, the way a farmer manages his livestock
has a direct feedback to the ecosystem providing his livelihood. The characteristics of a
management strategy include the rules of herd rotation, and the stocking rate.

This study shows that adaptive stocking rates are less sensitive to overstocking compared
to a constant stocking strategy. Furthermore, the spatial element of the grazing strategy
becomes important at optimal stocking numbers, where the highest income is generated.
Altogether, an adaptive stocking rate combined with a rotation that adapts the spatial
fodder availability and seasonality is the best tested strategy to maximise the mean in-
come while maintaining a viable rangeland condition. We conclude that adaptivity is a
powerful instrument for management improvement and risk mitigation, if all important
system properties are considered in the management approach.
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