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A food system framework breaks down entrenched sectoral categories and existing adaptation and mitigation silos, presenting novel ways of assessing and enabling integrated climate change solutions from production to consumption. 

Introduction

In a food system approach1,2, food production, supply chain, and consumption activities are conceptualized as a unified whole with multiple and complex interactions and outcomes3 (Fig. 1). The new global food systems approach enables several important changes in the way climate change is addressed by major assessments and monitoring activities such as the IPCC3,4 and the UNFCCC5,6.

First, it liberates agriculture from the AFOLU category of emissions inventories so that the full measure of the food system's contributions to total anthropogenic GHG emissions can be estimated. This paper estimates that this contribution is a considerable 21-37% of total human-caused emissions. This then provides a much clearer and broader motivation for development of response options across an expanded set of actors.

Following from this, the global food systems approach facilitates the scaling up of integrated adaptation and mitigation policies. Such integrated policies can take both supply-side (i.e., in crop and livestock production) and demand side (i.e., dietary change) response strategies into account. Reducing food loss and waste from across the entire food system can now be considered as well.

Further, the global food system approach is important to proposing potential ways to address synergies and trade-offs, such as competition between land for bioenergy and food security. This involves the potential for dietary change and reduction in food loss and waste to have a 'land-sparing' effect that enables both food production and mitigation activities to proceed.
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Figure 1 | Food system components, linkages, and outcomes. 

Calculating food system GHG emissions

The addition of GHG emissions from energy use, supply chains, and consumption activities provides a much more comprehensive depiction of how food is contributing to climate change (Table 1). The result is an overall contribution of a considerable 21-37% of total anthropogenic emissions, compared to ~23% from agriculture combined with land-use change for food production (deforestation and peatland degradation) and ~10% from agriculture alone when defined as within-farm-gate crop and livestock production. These current assessments, while building on earlier syntheses of food systems emissions7–9, have significantly expanded the global analysis of key sub-components and their contributions to climate change adaptation and mitigation.  

Operationally and from the vantage point of achieving effective mitigation, food systems have not been cast effectively in either the IPCC guidelines10 as agriculture, forestry, and other land use (AFOLU) or the emission categories used in national GHG inventories (NGHGI)6. While these measurement protocols form the basis of national reporting under the UNFCCC and the Paris Agreement,5 and the planned Global Stock Take due in 2023, the food system approach could be much more useful for countries as they decide on the next stage of their nationally determined commitments (NDCs). 
Table 1 | Comparison of 2007-2016 mean values and standard deviations of emissions from AFOLU11 and global food system3 emissions by component, including food loss and waste.
	AFOLU 
	Food System

	Components  
	Emissions [GtCO2-eq yr-1]a
	Percentage of anthropogenic GHG emissions (%)b
	Components
	Emissions [GtCO2-eq yr-1]a
	Percentage of anthropogenic GHG emissions (%)b

	Agriculture
	6.2 ± 1.412,13
	10–14
	Agriculture
	6.2 ± 1.412,13
	9–14

	FOLU
	5.8 ± 2.612
	6–16
	Food-related FOLU
	4.9 ± 2.512
	5–14

	
	
	
	Pre- to post-production
	2.6–5.27,8
	5–10c

	Total
	12.0 ± 2.9
	17–29
	Total
	10.8–19.1
	21–37


aUsing GWP values of the IPCC AR5 with no climate feedback (GWP-CH4=28; GWP-N2O=265); using square root of sum of squares of standard deviations when adding uncertainty ranges. 
bComputed using a total emissions value for the period 2007–2016 of 52 GtCO2-eq per year11
cRounded to nearest fifth percentile due to assessed uncertainty in estimates.

Expansion of food-related response options

Because economic activity for the production, supply, and consumption of food extends beyond farmers’ fields (and producing countries), the food system approach provides a far more realistic landscape within which policy and response actions can be taken. It incorporates dietary change and reduction of food loss (reduction of edible food during production, postharvest, and processing)14 and food waste (food discarded by consumers and retailers)14 to complement the more traditional supply-side mitigation options, while also effectively linking them to resilience and adaptation 

Dietary change. The EAT/Lancet Report raised awareness of the role that dietary choices can play in addressing pressing health and climate change challenges15,16. Consumption of healthy and sustainable diets presents major opportunities for increasing food security (e.g., reducing obesity), expanding adaptation options (e.g., by reducing competition for land) and reducing GHG emissions from the food system while improving health outcomes. Table 2 shows total technical mitigation potentials – the maximum amount of GHG mitigation achievable through technology diffusion – as well as total economic mitigation potentials at a specified carbon price of both dietary changes (demand-side) and crop, livestock, and agroforestry activities (supply-side). This has important implications for both agri-businesses as well as smallholders; the latter could benefit from opportunities for raising diverse nutrient-rich foods3. 
Table 2 | Food system supply-side and demand-side technical and economic mitigation potentials3.
	Mitigation Potential
	Supply-side [GtCO2eq yr-1]
	Demand-side [GtCO2eq yr-1]

	Technical
	2.3–9.6
	0.7–8.0

	Economic
	1.5–4.0a
	1.8–3.4b


aBy 2030 at prices ranging from 20-100 USD/tCO2eq
bBy 2050 at prices ranging from 20-100 USD/tCO2eq

However, the potential for dietary changes are highly specific to different food systems, food environments15, and socioeconomic and cultural factors. Achieving the full mitigation potential of dietary change will require fundamental changes to local production systems, lowering of existing technical and financial barriers, changed dynamics in the global food system, and promotion of change in the cultural and socio-economic practices of both producers and consumers. 

Food loss and waste. Since food loss and waste is associated with release of 8-10% of total anthropogenic GHG emissions3, reducing food loss and waste is an important GHG mitigation measure and a means to moderate growing food demand. Twenty-five to thirty percent of global food production17 is either lost or wasted during production, supply and consumption. Food loss, i.e., reduction of edible food during production, postharvest, and processing, increases the already-large pressures on the use of natural resources, for instance through expansion of land area for production. Food waste, i.e., food discarded by consumers and retailers, adds to demand for agricultural production. Globally, food waste has been increasing in the recent decades18. Halving the global per capita food waste and reducing food loss is a target of SDG 12 (Responsible Production and Consumption)19. 

There are many technical methods to reduce food loss and waste (e.g., improved harvesting, on-farm storage, infrastructure, packaging to keep food fresher longer, and refrigeration), but these need to be done in GHG-efficient ways. There are also non-technical methods that include changes in behaviors and attitudes (such as acceptance of less-than-perfect fruit and vegetable appearance), and programs such as redistribution of food surplus and lowered prices on nearly expired food. 

Synergies and trade-offs in a food system approach

Positive interactions can be more easily promoted and trade-offs avoided under a system approach. There is an expanded scope for adaptation as well as mitigation, since many practices that contribute to climate change mitigation have an adaptive role, as well as co-benefits (Fig. 2). For example, crop management practices such as increasing soil organic matter, erosion control, intercropping, and improved fertilizer, water and other input management all increase crop production while reducing GHG emissions and helping increasing resilience of crops to climate changes. Similarly, livestock options such as better grazing land management and improved manure management can contribute to both mitigation and adaptation. 
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Figure 2 | Synergies between mitigation, adaptation, and other co-benefits resulting from food system climate change response options20. 

Potential trade-offs are also highlighted by the approach. A key trade-off, for example, involves competition for land from bioenergy to contribute to climate change mitigation vs. food production. If promulgated at large scales, bioenergy and carbon sequestration projects might encourage ‘land grabbing’ with negative trade-off effects on food security20, while demand-side dietary change can generate a signal to farm-gate production that can result in a 'land-sparing' effect that reduces exposure and promulgates sustainable food production while minimizing competition for land-based carbon sequestration. 

Further, attention needs to be paid to the ‘rebound effect’ by which gains in GHG emissions efficiencies are offset by increases in total emissions due to expansion of production linked to the increased efficiencies. Appropriate regulations and incentives, as well as monitoring systems, may need to be put in place to ensure that actual emission reductions in farming systems are taking place, as well as just transitions for producers who are bearing the brunt of system changes. 

Scaling up 

The food system approach offers significant advances for scaling up of climate change adaptation and mitigation by integration of a much broader set of actors and institutions. But more research is urgently needed for this scaling up to occur. First, a complete accounting of food system emissions is needed. The recent IPCC Special Report on Climate Change and Land revealed that many GHG sources – such as grain drying, packaging, and supply chain emissions – are less well characterized than those accounted for in AFOLU. 
 
Second, the dynamics of dietary change are not well understood: key topics are behavioral studies of how to effect change to healthy and sustainable diets, their economic potential in regard to reduced healthcare costs, how and at what rate dietary change can feedback to changes in agricultural production, and its social and environmental impacts. 

Third, it is essential to find actionable ways to increase adoption of key mitigation and adaptation practices, e.g., rigorous testing of the role of incentives and rapid development of innovative techniques such as circular economies. Research topics include rapid identification, e.g., through models and ex ante simulations, of adaptation and mitigation synergies; how to overcome barriers to implementation of promising practices in farmers’ fields; how to avoid competition between climate change mitigation and food security; and which governance structures favor equitable participation in climate change solutions.

Conclusion

Integrated approaches to climate change adaptation and mitigation across the global food system could lead to ‘transformation’ – a change in its fundamental attributes of natural and human dynamics. By explicitly recognizing fundamental connections between consumer demand, dietary choices, and production, the food system approach contributes to achievement not only of the Paris Agreement on Climate Change, but leads as well to a broader engagement with Sustainable Development Goal 2 to eliminate hunger3,19. A focus on healthy and low-GHG emission diets will enable the development of targets for transforming the food supply into a more diverse array of agricultural products needed to ensure healthy populations. For this transformation to eventuate, it is essential to find actionable ways to increase adoption of key adaptation and mitigation practices, e.g., rigorous testing of the role of incentives and rapid development of innovative techniques such as circular economies.
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Food system response options
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