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Abstract  

Sustainable food systems require the integration of, and alignment between, recommendations for 
food and land use practices – as well as the understanding of the political economy context and 
identification of entry points for change. We propose a Food Systems Transformation Framework 
that takes these elements into account and links long-term goals with short-term measures and 
policies, ultimately guiding the decomposition of transformation pathways into concrete steps. 
Taking the transition to healthier and more sustainable diets as example, we underscore the 
centrality of social inclusion to the food systems transformation debate. 

 
Main 

Global food and land system models have shown that, biophysically and technically, the production 
of a healthy and environmentally sustainable diet to feed 10 billion people by 2050 is possible1,2. 
Nevertheless, proposals to shift to healthy and environmentally sustainable food systems are met 
with concerns about job and income losses, and about the future affordability of nutritious foods. 
The latter concern is highlighted by recent evidence that current diets present a substantial risk for 
disease and death globally3 while healthy diets are currently unaffordable for approximately 3 billion 
people4,5. 

Addressing the hidden costs (here referred to as monetarized losses to wellbeing that are not 
accounted for by standard estimates of the value of the food systems such as agricultural GDP) that 
have characterized the current food system’s trajectory (here referred to as to as Business as Usual - 
BAU) is key to the transition towards nature-positive6, healthy and inclusive food systems. While 
there is growing awareness of the inefficiencies and externalities of a BAU trajectory in current 
policy debates, a discussion of how to concretely internalize or reduce hidden costs in an outcome-
oriented manner is largely absent. Integrated Assessment Models (IAMs) that are able to assess food 
system’s hidden costs and related measures (defined as required biophysical changes to achieve 
food systems outcomes) and internalize them on a global scale are still limited in their capacity to 
cover the interdependencies related to environment, health, and inclusion. Often, IAM assessments 
are limited to measures (for example, a change in dietary patterns) without specifying the policies 
that could persuade, incentivize, nudge or force actors to adopt them. If policies are simulated, they 
are represented in a very stylized and idealized manner (for example, first-best GHG emission taxes 
or lump-sum compensation payments)7–9.  Linking IAMs with supporting policy and political analysis 
in a coherent, unified framework is thus an important next step towards successful food systems 
transformation. 

If the goals of the Paris Climate Agreement and the Sustainable Development Goals (SDGs) are to be 
met, the impacts of food systems transformation on inclusion need to be explicitly analysed, as 
concerns for those effects often skew political feasibility considerations. We define inclusion as a 
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focus on the weakest and most vulnerable, as it relates to access to and affordability of food, and 
employment and wages in the food systems.  At present, these groups tend to face systemic and 
institutional constraints and are often left behind by governments and other stakeholders (such as 
the private sector), and disempowered within the food systems. For the food systems 
transformation to improve the livelihoods of the poorest and most marginalized groups and increase 
their opportunities these constraints need to be addressed. Recent publications on sustainable 
development pathways10–12 or the quantification of Shared Socioeconomic Pathways (SSPs)7  stress 
how large and fundamental the required changes to food systems are and give examples of how 
trade-offs and synergies have been identified in Integrated Assessment Models (IAMs). To inform 
the current policy debate on how to achieve a food systems transformation, sustainable 
development pathways that specifically focus on the food systems are required.  Such Food Systems 
Sustainable Development Pathways (FSDPs), introduced here, elicit the biophysical and technical 
feasibility of food systems transformation and potential trade-offs among multiple food systems 
objectives, notably between health, environmental and inclusion goals.  These pathways are meant 
to provide decision makers with possible combinations of policy options to achieve an inclusive food 
systems transformation. 

In this Perspective, we propose a Food Systems Transformation Framework that integrates detailed 
policy analysis and the consideration of policy implementation barriers across pathway modelling 
exercises. We decompose the desired ambition for transformational change (defined as the gap 
between the BAU and the FSDP - Figure 1) into discrete measures, such as   income growth of the 
poor, shifts to healthy diets, or technological changes to improve productivity. In that way, 
transformational change is broken down into clear steps (decomposition into discrete measures is 
shown as grey rectangles in Figure 1). To implement this defined selection of measures, possible 
policy bundles are identified that lead to the desired level of change.   

We show how IAMs with a focus on food and land use can be used to design pathways to nature-
positive, healthy and inclusive food systems and help policy analysts steer policies towards the 
required change in an outcome-oriented rather than incremental way. We use the example of 
dietary change to illustrate how policies are able to change demand. Below we provide examples of 
the most important policy levers to lead to a convergence towards a planetary health diet (PHD), 
identify key trade-offs between inclusion, health and environmental outcomes, and explore the 
political economy context. Finally, the need to bundle demand-side policies with those that change 
supply becomes evident, to enhance the likelihood that policies can successfully be implemented.  

From pathways to policy to implementation 

Whilst in 2015 the United Nations General Assembly agreed on reaching the Sustainable 
Development Goals (SDGs), current developments are not consistent with their achievement by 
203013. Similarly, the Farm-to-Fork strategy14 of the European Commission clearly lays out targets for 
the European Food System but has not been incorporated in the current Common Agricultural Policy 
(CAP) reform. To make such targets more operational, IAMs can define necessary intermediate steps 
in line with the completion of a long-term sustainable pathway. This integrated view of systemic 
effects and consistency across the entire system is a strength of IAMs. They have been used to 
assess a large variety of trade-offs among the SDGs15. 

FSDPs represent coherent pathways that incorporate all three critical food systems transformation 
objectives (environment, health and inclusion) but can be diverse in their composition of goal 
indicators for a medium to long-term future. Ranging from sustainable intensification to agro-
ecological production and the diversity of practices that each encompasses, different FSDPs can be 
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tested and compared in a way that explicitly considers implications for livelihoods and income 
distribution. Table 1 shows a range of possible indicators that can be used to measure and evaluate 
the desired food systems transformation.  

FSDPs are a combination of biophysical projections and qualitative storylines that can include 
elements of SSPs16 and Nationally Determined Contributions (NDCs). Rather than being policy 
prescriptive, FSDPs are proposals that help to concretize visions and that point out potential 
inconsistencies. They can be developed in a theoretical way, through expert consultations or with 
stakeholder involvement. In a first step, shown in Figure 1- box 1a, a specific FSDP is developed that 
leads to a predefined multi-criteria food systems transformation, consisting of a combination of 
indicators (for example, Table 1). For inclusion, these could be wealth distribution across and within 
countries, land inequality or poverty rates that are set according to the selected 2050 
transformation goal. In a second step, a set of measures, (Figure 1- box 1b), is identified that will 
lead to the transformation goals covering environment, health and inclusion. These include, for 
instance, dietary changes, technological advances or redistributive measures.  

FIGURE 1 

The FSDP is compared with a BAU scenario in the future, for example 2050, and the difference 
(Figure 1- box 2) marks the level of change (or ambition) that needs to be achieved through a range 
of coherent food systems policies (Figure 1-box 3).  The measures that break down a food system 
transformation into concrete steps (grey rectangles) on the left side of the figure are mapped to 
plausible combinations of policies that reduce food systems hidden costs (carbon or nitrogen taxes, 
subsidies, regulations etc) on the right side. This is a key component of the framework. Bundles of 
policies can then be evaluated to explore synergies and trade-offs. In particular, the direct 
compensation of ‘losers’ from the policy can be modelled, for example under the constraint of being 
revenue neutral. Other indirect measures, such as redirecting resources to facilitate the transition to 
more sustainable production for smallholders, or research and innovation to make healthy diets 
more affordable, could also be considered.  See Table 2 for a structured but non-exhaustive list of 
available food systems transformation measures and related policy options. Although for simplicity 
the figure classifies policies into three categories, it is important to note that policies can target 
multiple, inter-linked goals. 

To enhance  inclusion,  measures include food waste reductionor national redistribution mechanisms 
for carbon pricing revenues17. Using FSDPs, the share of each of those measures that will lead to the 
desired transformation can be determined and policy-makers enabled to design policy bundles 
under specific biophysical and socio-economic constraints.  

Compensation schemes can be designed to help address the gap between “winners and losers” of 
such shifts. In that way, risks of adverse policy side-effects, such as unaffordability of food after the 
introduction of carbon taxation, can be avoided.  Such implementation barriers need to be carefully 
analysed from a political economy perspective (Figure 1 -box 4). 

FSDPs can set a baseline for concrete debates and discussions about the real trade-offs that policy 
makers need to negotiate. They allow for the exploration of major drivers and their interactions in a 
food systems transformation, which would enable reducing hidden costs as part of food systems 
transformation in line with global goals. While other studies have focused on the development of 
global food system pathways and model-based scenario analysis18,19 or on policy and governance 
recommendations for a food systems transformation20,21, our framework is able to combine both 
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approaches and thus enable outcome-oriented policy recommendations that will align with global 
climate and food systems targets. 

TABLE 1. 

Convergence towards a planetary health diet  

Transformation to healthy diets by 2050 will require substantial dietary changes. It has been 
estimated that global consumption of unhealthy foods, such as red meat and sugar, needs to be 
reduced by more than 50%1.  High levels of red and, in particular, processed meat intakes are related 
to increased health risks such as diabetes, cardiovascular disease or colorectal cancer22. The over-
consumption of red and processed meat in certain populations, matched with underconsumption of 
whole grains, fruits, nuts and vegetables3, was estimated to cost the world USD 285 billion in 
healthcare alone in the year 202011. The livestock sector, most importantly ruminant animals, is one 
example of a key contributor to agricultural emissions, accounting for 14.5% of greenhouse gas 
emissions annually (FAO, 2013).  Consumption of certain plant-based foods, such as nuts, fruits, 
vegetables, and legumes, on the other hand, has to increase by more than 100% to achieve a PHD. 
Adopting a healthy diet was estimated to avoid over 11 million deaths per year in 203023.While this 
evidence suggests that to stay within planetary boundaries and to improve human health, unhealthy 
diets such as red meat over-consumption needs to fall globally, livestock rearing and processing are 
crucial to livelihoods for many around the world. Small scale livestock production is a key source of 
income and much needed nutrition in many parts of the world where hunger and malnutrition 
persist24. Vulnerable populations in low- and middle-income countries (LMICs) could also benefit 
from increased consumption of animal-source foods to improve their nutrition and health25, since 

animal-source foods, including red meat, are  dense sources of key micronutrients, that are often 
lacking in the diets of the most vulnerable in LMICs.  

Using FSDPs and the Food Systems Transformation Framework, livelihood, environmental and health 
considerations can be included in pathway development as well as in a goal-oriented policy design 
process. First, the degree of dietary change required to achieve relevant food systems 
transformation ambitions (Figure 1- box 2) can be quantitatively assessed on a global scale using the 
FSDPs while, at the same time, inclusion aspects such as who makes those changes in diets and how 
livelihoods are impacted are taken into account. Taking the example of dietary change, measures 
relate to a concrete biophysical change of the food systems, for example, increasing vegetable 
consumption worldwide and decreasing meat consumption in high-income countries. IAMs of 
different designs have proven effective in simulating the consequences of such dietary shifts, 
including trade-offs and synergies with other societal objectives such as affordability of diets, health 
effects or environmental benefits. Soergel and colleagues2 for example, have shown with their 
sustainable development pathways that a transition to healthy and sustainable diets, together with 
a decrease in food waste, can reduce land-use related emissions at the same time.  In addition to 
health and environmental considerations, dietary change might entail inclusion benefits. Reduced 
pressure on land, such as agricultural water use savings, eliminate food price increases. Depending 
on the level of detail of the analysis, dietary change in itself could be a measure, depicted as a grey 
rectangle in Figure 1, or be split into several measures, such as red meat consumption decrease or 
increase in fruit and vegetable consumption.    

On the basis of the required changes identified, in a second step, policy makers are able to design a 
range of interventions, including compensation schemes, that will lead to the required changes. [26] 
group them as: administrative regulations affecting producers, retailers or local/ national 
government; market-based instruments such as taxes or subsidies; information-based policies such 
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as communication of food-based dietary guidelines; and behavioral policies such as changes to the 
choice architecture of the food retail environment. Of these, increasingly common behavioral 
policies (such as those that alter the food environment in retail stores or cafeterias) may have the 
greatest impact on dietary  patterns26. Methodologically, there is a plethora of policy assessment 
tools available to explore alternative policy pathways including trade-offs and synergies. Computable 
general equilibrium (CGE) models, for instance, are able to assess the effects of policies and policy 
bundles on different outcomes including their interlinkages at different scales. Related to healthy 
diets, this could include the effects of an agricultural subsidy reform on nutrition and food 
security27,28. Micro simulation models, based on household survey and micro census data, are used 
to assess specific policies on a national or regional scale such as GHG taxes and a range of 
compensation schemes, and their effects on different income levels29. Pragmatic-enlightened 
models (PEMs) are a type of so-called pragmatic policy model that assess policy objectives and their 
means in light of practical consequences of the means, their secondary effects, trade-offs and 
synergies30. Further approaches include inventories of existing public sector policies and actions31, 
econometric approaches32, agent-based models33 and literature reviews.  An overview of policy 
analysis methods can be found in 34 . Key in our framework is that policies and policy bundles aim to 
close the gap between BAU and FSDP as quantified by global IAMs and that they are able to take 
interdependencies between food policy objectives into account.   

Concrete policies addressing dietary change include taxes on unhealthy foods35, some of which have 
been shown to work: a tax on sugar-sweetened beverages of 10% in Mexico led to a 12% reduction 
in sales after one year36.  In other examples, however, very high tax rates would be needed to lead to 
significant decreases in consumption because of substitution effects.. Springmann and colleagues11 
consider a more than 100% tax on meat in high-income countries to reduce consumption by 25%. 
This estimate may even be conservative as the expenditure elasticities do not allow quantity 
substitution to be separated from quality substitution. Such taxes may be regressive37,38 as lower-
income households tend to purchase less expensive foods but can also be designed to reduce 
negative health and economic impacts on the poor39. Furthermore, the evidence on whether policies 
that successfully change meat consumption result in improved health is mixed, since reduced meat 
consumption can be replaced with increased consumption of either healthy or unhealthy 
substitutes. A systematic review by Maniadakis and colleagues40 for example, do not find a reduction 
in calories consumed, emphasizing the importance of holistic dietary approaches and necessary 
complementary lifestyle measures (for example, physical activity).   

This suggests that changing consumption patterns at the scale required by the FSDPs and the Food 
Systems Transformation Framework might call for a combination of policies, including compensatory 
measures for lower income groups (Figure 1 -box 3). Further, long-term measures aimed at 
diversifying the supply of protein and key micronutrients for animal and human consumption would 
be needed, to help address the livelihood impacts of these policies. For example, a shift in the 
relative prices of meat products vis-à-vis less emission-intensive foods in Latin America and the 
Caribbean has been estimated to have the potential to create 19 million more full-time equivalent 
jobs in plant-based agriculture, against 4 million full-time equivalent job losses in the livestock 
sector41. Governments could pursue increased R&D spending in fruit, vegetable, nut, legume, and 
blue foods production to facilitate the emergence of these new economic opportunities.  

TABLE 2. 
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Viable policy packages  

While the FSDPs provide an anchor to policy making by highlighting the key measures needed to 
transform the food systems and by identifying potential policy tools to support those, concrete 
policies need to be designed keeping in mind local realities (Figure 1 -box 4).  

In the example of a global shift towards healthy diets, a combination of demand-side and supply-side 
measures could lead to localized job losses in economies highly dependent on livestock - some of 
which may have limited alternatives and be particularly vulnerable to poverty and malnutrition (such 
as pastoralists in semi-arid areas). Jobs would be created, however, in sectors producing alternate 
crops for human consumption, such as legumes, grains, fruits and vegetables. Evidence on the 
mechanisms at play is relatively limited, and very context specific. Thus, global insights on 
transformational change requires additional, national policy analysis and awareness of where 
practical constraints might hamper change (for example, Academy of Global Food Economics and 
Policy (AGFEP) 42). 

The literature points to the importance of at least three sets of interrelated constraints which, in the 
end, shape the way reforms are implemented and are crucial for their success. The first concerns the 
political economy of a radical transformation such as the one charted by the FSDPs.  

The redistributive impacts of measures such as those described in the previous section are central to 
policy design both directly, as the distribution of pay-offs from the reforms can help identify 
compensation needs, at least for the most vulnerable and least able to adapt, and indirectly, as 
different interest groups representing prospective winners and losers will be aligning themselves to 
lobby for or against the new policies. The repeal of the Danish fat tax, after only 15 months of 
operation, offers interesting insights into the dynamics at play, with strong lobbying campaigns by 
the food industry, retailers and farmers’ organisations, including a political coalition of academia and 
corporate actors, playing an important role in this outcome43.  

The second refers to the governance of food systems - defined as the set of actors and their 
competencies in regulating food systems – and the capacities of the public sector to administer 
different policies and programs. While there is a growing emphasis on the need for coherent sets of 
interventions to transform food systems38, available evidence from existing institutional mapping 
exercises reveals how regulation is parcelled out to between 15 and 25 different departments in 
different ministries44. Such dispersion of decision making might make it difficult to implement 
combinations of policies such as those involving taxes and compensation, for example, if different 
measures depend on different decision makers.  

The third the behavioural effects which can reinforce or undermine reform efforts. The policy 
literature is increasingly recognizing the importance of the way policy reforms interact with 
individuals’ cognition, such as for example through income labelling effects45, by which (contrary to 
standard economic theory)  different streams of incomes are not fully fungible. Such effects, 
together with confidence in the capacity of the public and private sector to deliver, can play an 
important role in driving resistance to reforms even when a purely economic calculus would suggest 
individuals would not be negatively affected.  

Outlook 

We call for new research and analysis which, in addition to environment and health, puts inclusion 
squarely in focus when analysing long term pathways for food systems transformation. Our FSDP 
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approach and the Food Systems Transformation Framework proposed here support a multi-criteria 
evaluation that considers all three objectives and aid the design of outcome-oriented policy bundles. 

Renewed focus on, and commitments to, food systems transformation - resulting from the United 
Nations Food Systems Summit (UNFSS) - offer the opportunity for new multi stakeholder coalitions 
and constructive dialogue. Data, evidence and political economy were identified by the UNFSS 
Scientific Group as key components for countries to take action. Scientific analysis - based on an 
FSDP approach – can aid the design of complex food systems transformation interventions.   

 

------------------------- 

Data Availability 

----- 

Code Availability 

----- 
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Figure 1. Food System Transformation Framework. The Framework identifies a successful path to 
reduce hidden food system costs and compares it with the BAU trajectory. Grey rectangles represent 
the different measures that collectively close the gap between FSDP and BAU. Long-term goals (left 
side in grey) are linked to short-term policies (right side) that are oriented towards long-term goals. 
Policy design accounts for practical implementation constraints and political economy 
considerations.  

 

 

Health 

·       Deaths and DALYs attributable to dietary 
risk factors (11 million per year and 255 
million46) 

·       Number of overweight and obese people 
(absolute or relative) (2 billion (29%) in 
201047,48).  

·       Number of undernourished people 
(absolute or relative) (688 million (8.9%) in 
20195) 

·       Population exposed to food-system-
pollution related DALYs (for example, 
household air pollution): (60.9 million DALYs in 
201749) 

·       Distribution of exposure to pollution: (91% 
of world population exposed to air pollution50) 

Environment 

·       GHG emissions (18 Gt CO2eq, 34% of global 
GHG51) 

·       Nitrogen surplus in the food system (189 Mt N52) 

·       Phosphorus surpluses reaching oceans (4 Tg 
P/yr53) 

·       Cropland area: Agricultural land (4801 Mha of 
which 1587 Mha are cropland in 201854) 

·       Biodiversity/habitat loss (20% reduction in 
average abundance of native plant and animal species 
since 190055) 
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Inclusion 

·       Poverty headcounts (269 million in extreme poverty in 2018, 70% employed in agricultural sector, 
estimates for 2020: 703 – 729 million56) 

·       Affordability of healthy diet (unaffordable for more than 3 billion people5) 

·       Income distribution across countries (average income of people located in the EU are 11 times 
higher than in SSA, average income of people in the USA 16 times higher than in SSA, gap between mean 
per capita incomes of high compared to low-income countries increased from $27,600 in 1990 to 
$42,800 in 201857) 

·       Income distribution within countries (income inequality has grown in most developed countries, 
71% of world population lives in countries where income inequality increases since 1990, share of 
income earned by richest 1% in ac country increased in 59 out 0f 100 countries between 1990 and 
201557) 

·       Wealth distribution (in 2018 the bottom 50% of the world’s population owned less than 1% of the 
global wealth, the top 10% owned 85%57) 

·        Gender inequality (up to 43% of agricultural workers are women; IFPRI 2020, but they are paid less, 
have limited access to inputs and are higher exposed to violence58,59) 

·       Land inequality (largest 1% of farms operate more than 70% of global farmland, 84% of farms 
(smaller than 2 hectares) operate 12% of the farmland60) 

 

Table 1. FSDP indicators (and base values). Indicators are grouped according to the food systems 
objectives health, environment and inclusion. 

 

 

Inclusion Health Environment 

 Measures Policies Measures Policies Measures Policies 

Support food 
affordability and 
access 

Targeted transfers in 
cash or kind (food 
assistance)61,62  

Agricultural public R&D 
programme63  

  Internalize health     
externalities 

Taxes on sugar, fat, 
ultra-processed food11  

Taxes on meat40 

Rectify current 
distortions 

Repurpose agricultural 
support towards more 
nature-positive 
production55,64  

Supporting 
livelihoods along 
the value chain 

Investments in small 
holder agriculture65  

Certification standards 
(fairtrade, organic)66  

Enforce labour 
standards67  

Influence the 
composition of 
supply 

Targeted subsidies for 
healthy food 
production5  

Food industry 
regulation5 

Investments in R&D on 
orphan crops68 

Internalize 
environmental 
externalities 

Carbon tax (FOLU 
2019) and possible 
border adjustment 
mechanism69,70  
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Just transitions in 
food systems 

Active labour market 
policies including 
finance for new self-
employment activities 
or skills training71  

Targeted investment in 
rural infrastructure, 
market development 
and skills64 

Shift consumption 
towards healthier 
and more 
sustainable diets. 

Food assistance 
measures for healthier 
food (food vouchers for 
fruits and 
vegetables)61,72  

Public procurement 
measures (for example,  
for school meals)64 

Education campaigns 
for healthier diets; 
behavioural 
interventions; nutrition 
labelling26,73  

Protect nature Protection of natural 
habitats55  

    Change the 
composition of 
demand towards 
more nature-
positive diets 

Labelling and 
certification (organic74, 
sustainable fishing75) 

 

Table 2. Food systems transformation measures and related policies. For each measure, a number 
of concrete policy examples in the areas health, environment and inclusion are provided. 

 


