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Abstract

Non-equilibrium is a fundamental characteristic of rangelands and pastoralism. The non-equilibrium (NE)
paradigm emerged primarily in response to problems in management, especially in the context of pastoral
development. Aiming their arguments at the World Bank and other multilateral organizations, anthropologists and
development professionals demonstrated that the use of equilibrium ideas — such as climax to evaluate range
conditions, carrying capacities to set stocking rates, and succession to remedy degradation — had backfired
repeatedly. Such shortcomings were familiar in the scientific community, but an alternative paradigm remained
elusive until after the 2" International Rangeland Congress in Adelaide in 1984. Following seminal publications
on the topic (Ellis and Swift 1988; Westoby et al. 1989; Behnke et al. 1993), the NE paradigm was widely analyzed,
debated, and largely adopted by global scholars, especially for drier, more variable rangelands (I1lius and O’Connor
1999; Vetter 2005). Tools reflecting NE, such as state-and-transition models and satellite-based assessments of
rangeland productivity, are now widely produced (Allred et al. 2022, Bestelmeyer et al. 2017). Widespread
acceptance among scientists has not translated readily into the practices of pastoral development, however. In this
paper we reflect on how the NE paradigm has shaped global rangeland management and governance over the past
30 years. Are rangeland systems better managed because of it? What are the prospects for the NE paradigm to
support adaptation to global change in rangelands in the years ahead? We argue that while debates about NE
concepts have faded into the background, the implications of NE are more important than ever.

Introduction: Is rangeland management better because of NE concepts?

In contrast to the equilibrium paradigm, the NE paradigm posited that 1) rangeland condition is determined
primarily by abiotic drivers and non-linear (or threshold) responses to those drivers, 2) rangelands exist as
alternative stable states best described by state-and-transition models rather than simple succession models, and
3) the high degree of spatial and interannual variability in rangelands requires careful attention to pastoralist
mobility and flexibility, alongside governance structures that ensure access to land at needed spatial extents
(Scoones 1995). NE characteristics are especially relevant to the most arid, variable, and extensive rangelands
(von Wehrden et al. 2012) which have been least likely to be converted to cropland or intensified pasture systems.

While many organizations now advocate for pastoralism and mobility to conserve imperiled rangelands, and
technology is providing increasingly effective solutions for perceiving and reacting to NE rangeland behavior,
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policies continue to limit pastoralists’ ability to implement those solutions. Pejorative narratives about pastoralism
and limited societal valuation of extensive rangelands continue to drive policy prescriptions irrespective of the
scientific advances (Davis 2016). Especially in the Global South, governments are pressured to convert land and
livestock into financial opportunities and reliable revenue streams by connecting rangelands with urban and
international markets. Exclusive land tenure, capital investments (e.g., in livestock breeds), consistent output, and
optimized rates of return-on-investment are viewed as necessary to meet these goals. In short, the core management
requirements of NE — flexibility, mobility, and reciprocity at multiple scales — suffer not from a lack of scientific
support but from incompatibility with neoliberal globalization.

Pastoralists continue to experience political and economic marginalization, compromised management autonomy,
diminished access to land, and sedentarization (UNCCD 2024), reducing the spatial scale and sustainability of
livestock management. With powerful outside interests seeking to appropriate land and water resources for more
lucrative land uses, policies and development efforts often reduce options for livestock movements and flexibility
by encouraging the conversion of rangeland to cropland to increase economic returns, afforestation to ‘restore’
ecosystem functions, and intensification/modernization of livestock production (via fencing, wells, and harvested
forages) to increase production efficiency (Nori and Scoones 2023). And as climate change advances, the
variability of precipitation on rangelands is increasing (Sloat et al. 2018). The complications associated with NE
are expanding and intensifying with losses in forage productivity, amplified abiotic extremes, and widening scalar
mismatches in rangeland administration. Thus, NE is becoming both more relevant and more challenging than
ever.

Prospects for improved application of the NE paradigm

For practical, management purposes, the core challenge of NE is the combination of spatio-temporal variability
and unpredictability. Technological advances now allow pastoralists and policymakers to perceive and react to NE
in ways that were unimaginable decades ago. First, the recognition of NE behavior in rangelands catalyzed the
global development of state-and-transition models (STMs) that emphasize the potential for threshold responses in
different rangeland types (Bestelmeyer et al. 2017). These models provide indicators and, more importantly, have
expanded the mental models of managers to include the possibility of abrupt and persistent changes in natural
resources. Operationally, STMs have guided grazing strategies and the selection of restoration practices that
account for spatial heterogeneity in resilience due to climate, soils, and history, and the role of climatic variability.
Where STM-based thinking has been adopted, managers are more attuned to variability, risk, and opportunity
(Knapp et al. 2011).

Second, the fusion of satellite-based remote sensing, standardized databases of ground-based measurements, and
user-friendly web and mobile applications has produced a revolution in information about rangeland conditions
(Allred et al. 2022). A manager can now detect short-term changes and long-term trends in vegetation at the scale
of patches that are a few hundred square meters in size and across thousands of hectares. While this technology is
recent and most advanced in the United States, progress is underway in rangelands across the world and is
improving rapidly with the use of artificial intelligence.

Third, sensor technologies under the umbrella term of ‘precision ranching’ are also becoming more effective and
attainable, including Global Positioning Systems (GPS)-based tracking collars, water-level sensors, and automated
rain gauges (Spiegal et al. 2024). These sensors allow managers to track variable resource conditions and animal
movements (particularly in the Global North where herding is seldom practiced; McIntosh et al. 2022). Virtual
fencing combines GPS with stimuli on collars that control livestock movements. Thus, virtual fencing allows for
adaptive rotational grazing and rest that does not depend on expensive physical infrastructure and fixed pasture
locations and dimensions. When combined with remote sensing-based production maps and analytics, GPS collars
and virtual fencing can allow grazing pressure to adapt to NE behavior of rangelands (Bestelmeyer et al. 2024).
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Conclusion

NE calls for flexible access to land, variable output (including wide swings in herd sizes), traditional ecological
knowledge and bottom-up decision making to cope with inherent uncertainty (Scoones 1995). How do we
overcome the policy barriers to supporting NE rangeland social-ecological systems, with assistance from
technological advances? In practical terms, this question remains open and will be addressed by participants in our
symposium. Several approaches, however, will be essential. First, rangeland and pastoralist advocates need to
reinforce the broad societal benefits of rangeland social-ecological systems and their right to exist. Society and
policymakers should treat the loss of rangelands with the same sense of urgency that they treat the loss of
wilderness and forests. Second, development strategies should be designed from a deep understanding of local
context, communities, and livelihoods (Allington et al. 2024). Third, policies should reflect careful consideration
of the heterogeneity, connectivity, and scale needed to preserve those livelihoods and the natural resources on
which they depend, taking advantage of technology. Carefully crafted socio-technical solutions may at last harness
the insights of NE thinking to improve rangeland sustainability and pastoral livelihoods.
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