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A central question in sustainability science is to what extent natural resources can 
be used without compromising their future availability and ability to regenerate 
themselves. Fisheries, forests, rangelands or agricultural land can be used 
sustainably only if harvested at rates not exceeding a critical level. Beyond that 
threshold, these systems may shift to a degraded (overexploited) state in which 
resources remain depleted and cannot recover. In this talk, we will give an overview 
of some recent results in sustainability science obtained through a complex system 
approach, based on dynamical systems and network science. We will present 
different models accounting for the effect of globalization on natural resources, with 
particular applications on the Global Food-Energy-Water Nexus 
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Resilience of the global food system
The world’s food system is complex, highly interconnected and rapidly evolving. Attendant risks are poorly 
understood. A new study reveals important insight into how interconnectedness, structure and modularity of the 
global food network impact system resilience.

Michael J. Puma

The global food system is inherently 
contradictory. On one hand, it is 
extremely complex. For example, 

stakeholders range from the 570 million 
farmers producing food around the world1 
to the numerous agribusinesses, traders, 
policymakers and logistical systems 
that bring food to the consumer. On the 
other hand, the global food system is also 
alarmingly simple, with trade of only a few 
crops — wheat, maize, rice and soybean — 
and fertilizers underpinning global food 
security2. In particular, lack of crop diversity 
potentially introduces vulnerabilities3 
through, for example, uniform susceptibility 
to crop diseases and pests. Together, these 
contradictions introduce significant risk 
into the global food system, a situation only 
recently recognized by the US government4 
and international institutions. This risk is 

not well understood because, similarly to the 
global financial system, our understanding 
of the evolving food system is surprisingly 
nascent and incomplete. In this issue of 
Nature Sustainability, Tu and colleagues5 
advance our understanding of this risk 
through their analyses of the impacts of 
international food trade on the sustainability 
of resources linked to food production.

The global food system is a prototypical 
complex system that is ‘never completely 
knowable’4 with dynamics characterized 
by non-linear processes, and given to 
surprises (that is, emergent outcomes, such 
as unforeseen famines). Thus, recent efforts 
to advance food security have focused 
on a systems approach, which considers 
contextually the multiple elements of a food 
system, from farmers to crops to logistics 
and policies4. Researchers have made 

progress understanding key characteristics 
of global food trade (Fig. 1). For example, 
a 2018 study quantified trade communities 
in the international markets for the top 
agricultural commodities, such as wheat, 
soybean, rice, sugar and poultry meat6. 
Another examined the risk of transporting 
food in a system dominated by just-in-time 
business models with low inventories7. 
However, the link between these food-
system-characteristics and the natural 
resources that support food production 
(such as croplands, forests and fisheries) 
remains poorly characterized. To make 
progress, new conceptual approaches are 
needed to help clarify the dependencies and 
feedbacks between food production and 
natural resources.

Tu and colleagues5 use network 
approaches to link characteristics of the food  
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Fig. 1 | Complexity of the global food system as demonstrated by the major bilateral cereal trade flows for 2014. These flows sum to 360 million tonnes and 
account for 80% of total cereals trade (by weight) for 2014. Figure reproduced from ref. 7, Elsevier; the data source for ref. 7 is ref. 9.
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