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The beef with sustainability 

Les G. Firbank1 

1. Faculty of Biological Sciences, University of Leeds, UK. L.Firbank@leeds.ac.uk 

The US Beef Industry is a major contributor of greenhouse gases and is commonly regarded as 

unsustainable at current levels. Eshel et al model a system in which sustainability could be 

increased by subsistence on grass and agricultural by-productsが ヮヴﾗﾏヮデｷﾐｪ デｴW ケ┌Wゲデｷﾗﾐが け┘ｴ;デ ;ヴW 
デｴW ﾉｷﾏｷデゲ ﾗa ゲ┌ゲデ;ｷﾐ;HﾉW ﾉｷ┗WゲデﾗIﾆ ヮヴﾗS┌Iデｷﾗﾐ ｷﾐ デｴW USげい 

Sustainability is a fraught issue. Discussions about the sustainability of different farming systems 

usually miss the point that they are typically limited in space. This could be because land may not be 

suitable, it may be better used for something else, or that the levels of environmental harm to other 

habitats may be unacceptable if the area becomes too great. Writing in Nature Ecology & Evolution, 

Eshel et al,  pages XXX of this issue, suggest that the US can sustain beef production to around 45 % 

of present levels. They call this a さヮﾗゲゲｷHﾉWが ﾐﾗﾐ-┌ﾐｷケ┌Wざ ┘;┞ ﾗa I;ﾉI┌ﾉ;デｷﾐｪ ゲ┌ゲデ;ｷﾐ;HﾉW ﾉW┗Wﾉゲ ﾗa 
livestock production. But what are the alternatives, what scales and metrics are involved, and how 

can we decide which is the best approach?  

EゲｴWﾉ Wデ ;ﾉげゲ approach is to assume that beef should be raised only on existing pastureland in the US, 

supported by agricultural by-products such as grain that has been used for distilling. They roughly 

estimate how much energy would be available to the cattle and thus how many cattle could be 

supported: this could deliver approximately 45% of current production. They note that if the least 

productive areas of US pastureland, some 135 million hectares, were not used, the numbers of cattle 

would not be greatly affected, and about 43% of current production could be achieved. The authors 

then explore some of the impacts on resource use (fertiliser, irrigation water), environment 

(Greenhouse Gas emissions) and diet (availability of particular nutrients per capita) that the changes 

to land use would entail, as well as the crop production possibilities once the requirement to grow 

cattle feed is removed. They admit that their final estimations are based on heroic assumptions and 

preliminary data, but their logical, transparent framework permits calculations to be made at the 

national scale, and makes a real effort at re-imagining policy. 

Moving to the global scale, priorities may be slightly different: agriculture needs to help the world 

stay within its safe and just operating space [1]. Safety is best assured by keeping Earth-system 

processes (including climate change, biodiversity levels, pollution and the use of natural resources) 

within their planetary boundaries, i.e. at levels that are under control and within any thresholds [2]. 

Justice can be interpreted as delivering the UN Sustainable Development Goals (SDGs), most 

obviously SDGs 1,2 and 3: No Poverty, Zero Hunger, and Good Health and Wellbeing, respectively.  

Such global goals are very worthy, but are not always easy to achieve. The planetary boundary of 

land availability, the one considered by Eshel et al., is clearly within the control of individual 

territories. However, agreeing responsibility for those processes that cross boundaries is much 

harder, as we are currently seeing with the Paris Climate Agreement to control Greenhouse Gas 

(GHG) emissions. Earth-system processes are intertwined, and need to be addressed together. The 

evidence base to support such decisions is being assembled [3-5] . 



By contrast, the SDGs have been agreed and are already reflected in national metrics. The challenge 

here is to see how changes to the Earth system actually help deliver the SDGs. In particular, we need 

to know who benefits from changes in agriculture. Esher et al. consider that a reduction in beef 

production and increase in plant-based alternatives would work their way through the US supply 

chain, resulting in a shift towards more healthy diets. But cause and effect is not always easy to see 

in our highly globalised food systems. One helpful method is Life Cycle Analysis, that traces the 

movement of food (and therefore embedded water and GHG emissions) through supply chains. 

Improvements to diet and health can therefore be related to the environmental footprint of food 

production, even in complex global value chains [6]. In practice, the SDGs are inter-related [7] and, 

just like the Earth system environmental processes, need to be managed together.  

At the farm scale, there are many concepts of sustainability. The fundamental challenge is there are 

many ways of assessing farm performance, delivery of particular goods and ecosystem services, 

capacity to continue to deliver in the face of changing policies, demography, trading systems and, of 

course, climate. Five domains of farm-scale sustainability have been recognised, embracing 

productivity, economic sustainability, human wellbeing, environmental sustainability and social 

sustainability [8], but within these, there are many different views of what constitutes a sustainable 

farm. Thus a tenant farmer may be more concerned about short term profit than maintaining soil 

quality, while an international aid agency may wish to ensure resilience of smallholder production in 

the face of changing climate. Not all farms need to contribute to the delivery of all goods and 

services, as long as they are provided at appropriate levels across a landscape, catchment or region.  

So there are many ways of asking what are the limits of sustainable livestock production in the US, 

depending on how sustainability is defined. But now that the concepts of a safe and just operating 

space are becoming more specific, and an evidence base is starting to appear, a scientific consensus 

about sustainable land use is possible. However, enacting such a consensus will be a huge challenge, 

given how the global market currently puts great pressure on farmers to produce cheap food with 

less regard to the other domains of sustainability.  
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