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Environmental impacts of the food system

The current food system is environmentally unsustainable:

I major driver of climate change (33% of GHG emissions, IPCC, 2019);

I major driver of land-use change and biodiversity loss (40% of the Earth’s surface,
Ramankutty et al, 2008; Houghton et al, 2012);

I major user of freshwater resources (70% of global freshwater withdrawals
(WWAP, 2012);

I major polluter of terrestrial and aquatic systems through fertilizer runoff (Vitousek
et al, 1997) (→ dead zones in coastal oceans, Diaz and Rosenberg, 2008)

→ major driver of planetary impacts
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Planetary boundaries

I Transgressing put ecosystems at risk of being destabilised and losing regulating
functions on which populations depend (Steffen et al, 2015; Campbell et al, 2017):



Health impacts of the food system

Current diets are not healthy:

I Less than half of all countries meet or are projected to meet basic dietary
recommendations (Micha et al, 2015; Springmann et al, 2016).



Health impacts of the food system

I Global prevalence of overweight increased over a third, and obesity rates doubled
over last 30 years (Stevens et al, 2012; NCD-RisC 2019).



Health impacts of the food system

I Dietary risks are leading risk factors globally and in most regions (GBD, 2013):



EAT-Lancet Commission

Goal of the EAT-Lancet Commission on Healthy Diets from Sustainable Food
Systems:

I Achieve a sustainable food system that can deliver healthy diets for a growing
population.

Approach:

I Group of 19 commissioners and 18 co-authors from 16 countries and various
fields, including human health, agriculture, political science and environmental
sustainability.

I Define a healthy reference diet

I Define planetary boundaries of the food system

I Analyse diets and food system changes to stay within planetary boundaries

I Outline strategies to achieve healthy diets from sustainable food systems by 2050.



Evidence base for devising healthy diets



Evidence base for devising healthy diets

Springmann et al, 2019, Environmental Nutrition, 1st Edition, Chapter 14



Evidence base for devising healthy diets

Healthy body weight:
The Global BMI Mortality Collaboration (2016), WHO (2004)



Healthy diets: predominantly plant-based

..
Willett et al (Lancet 2019)



Consumption changes (%) needed by 2030



Healthy diets

Analysis of diets:

I Nutritional analysis: nutritional content of food groups for 24 nutrients based on
GENuS dataset (Smith et al, 2016) and USDA (B5, B12); comparison to WHO
recommendations;

I Mortality analysis: comparative risk assessment with 9 dietary and weight-related
risk factors and 5 disease endpoints based on Oxford Global Health model
(Springmann et al, 2016a,b);

I Environmental analysis: country-specific footprints for GHG emissions, cropland
use, freshwater use, nitrogen application, phosphorus application (Springmann et
al, 2018a).

I Food-systems analysis: combined analysis of improvements in technologies and
management, reductions in food loss and waste, and dietary changes to more
plant-based diets (Springmann et al, 2018b).



Nutritional analysis



Chronic-disease analysis



Environmental and food-systems analysis



Level of detail: 62 commodities

IFPRI-IMPACT model



Add to that: GHG emissions of livestock

Herrero et al (2013), FAOSTAT



Add to that: GHG emissions of crops

Carlson et al (2016)



Add to that: fertilizer application

Mueller et al (2012)



Add to that: nitrogen balance model

Lassaletta et al (2016)



Add to that: drivers of future food demand



Add to that: scenario assumptions



Increase in resource demand by 2050: 50-90%



All planetary boundaries could be exceeded by 2050



Food-systems analysis

Combination of measures needed to stay within planetary boundaries of the food
system:

Springmann et al, Nature 2018



Combinations of measures to stay within limits



Domains: livestock-dominated or staple-crop-dominated



Environmental footprints per serving of food



Environmental analysis

Springmann et al, Lancet Planetary Health 2018



Combinations of measures to stay within limits



Unequal distribution of technology and capital

Mueller et al (2012)



Food waste by food group

FAO (2012), WRI (2013)



Fertility by region

UN Population Division (2013)



Policy implications

Improvements in technologies and management:

I Investments in public infrastructure

I Farm-level incentives/support to adopt best available technologies

I Better environmental regulation (eg water use and quality)

Reductions in food loss and waste:

I Loss: investments in agricultural infrastructure, technological skills, storage,
transport and distribution

I Waste: Closed-loop supply chains, packaging, labelling and awareness campaigns

Improvements in socio-economic development:

I Investments in education, especially for women

I Improved access to general and reproductive health services



Dietary change

How to incentivise healthy and sustainable diets?

I Providing information without additional economic or environmental changes has
limited influence on behaviour;

I Integrated, multicomponent approaches that include clear policy measures are
best suited for changing diets (Mozaffarian et al, 2012, 2016):

1 Media and education campaigns; labelling and consumer information; update
national dietary guidelines

2 Fiscal measures, such as taxation, subsidies, and other economic incentives,
including for producers

3 School and workplace approaches; local environmental changes;

4 Direct restriction and mandates
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Dietary guidelines

National food-based dietary guidelines (FBDGs) are:

I political, government endorsed documents intended to provide context-specific
recommendations and advice on healthy diets and lifestyles (WHO, 1998);

I form basis for educational programmes and national food and nutrition policies
(FAO, 2016);

⇒ FBDGs are important starting point for food-system regulation, in addition to
being a communication tool



Repository of dietary guidelines



Global FBDGs: WHO guidelines



Global FBDGs: EAT-Lancet recommendations



Global health and environmental targets



Transcribing and coding for 12 food groups and weight



Uncertainty score by food group and region



Uncertainty score by food group for Spanish FBDGs

Food group
Uncertainty 
coding (1-5)

Recommendation

fruits &veg 2 5 servings/d

red meat 5
It is not necessary to take meat every day. It is advisable to 
alternate it with fish and we must include different species: 
beef, pork, chicken, rabbit, lamb, etc.

fish 1 2-4 servings of fish per week.

milk 3 Dairy products are the basis of the diet and should be 
consumed daily.

eggs 1 No more than 4-5 eggs/ week
legumes 2 Eat legumes at least 2-3 times per week.

nuts &seeds 4
In the NAOS Pyramid, nuts are important foods and can be 
combined with others, they are recommended to be eaten 
several times a week.

whole grains 4

Healthy diet must include carbohydrates with a 
predominance of complex carbohydrates (rice, bread, pasta, 
potatoes, legumes). Fibre is necessary in the diet and it is 
found in whole grains, legumes, vegetables, salads, fruits, 
nuts.

processed meat 5

sugar 1

Intention to launch a campaign to reduce sugar 
consumption, recommending a maximum consumption of 
50 g of added sugars per day as indicated by the World 
Health Organization.

weight 1
Check your BMI (normal = 18.5-24.9 kg/m2), maintain a 
proper weight by following the dietary and physical activity 
advice summarised in the pyramid.

average 2.80



Difference between recommendations and current intake



Difference in intake for Spanish FBDGs

NDG WHO FLX PSC VEG VGN
whole grains 819 487 1533 1533 1533 1533
fruit&veg 3 3 28 54 79 105
legumes 20 0 427 427 603 778
nuts 0 0 172 172 172 172
oils 0 0 -35 -35 -35 -35 
sugar 0 0 -37 -37 -37 -37 
red meat 0 0 -85 -100 -100 -100 
processed meat 0 -57 -100 -100 -100 -100 
poultry 0 0 -44 -100 -100 -100 
dairy -52 0 -43 -43 -43 -100 
eggs -8 0 -63 -63 -63 -100 
fish 12 0 0 7 -100 -100 

Food group
Diet scenarios



Health impacts



Health impacts in context



Health impacts for Spanish FBDGs



Environmental impacts



Environmental impacts in context



Environmental impacts for Spanish FBDGs



Two-thirds of FBDGs only fulfilled 1-2 targets



Target attainment by region



Target attainment by region and food group



Target attainment for Spanish FBDGs



Attainment of GHG target for Spanish FBDGs



Discussion

Take-away messages:

I Dietary guidelines inform national policies (health programmes, procurement, etc).

I Many dietary guidelines are not sustainable when adopted globally (and could also
be healthier).

I Reason is lack of limits for animal products.

I Updating guidelines in light of sustainability concerns is essential first step for
progressive food-policy reforms.

I Important to provide concrete examples in terms of different dietary traditions and
patterns, including plant-based ones



Number of recommendations achieved



Need for policy coherence and investment in health programmes



Dietary change

How to incentivise healthy and sustainable diets?

I Providing information without additional economic or environmental changes has
limited influence on behaviour;

I Integrated, multicomponent approaches that include clear policy measures are
best suited for changing diets (Mozaffarian et al, 2012, 2016):

1 Media and education campaigns; labelling and consumer information; update
national dietary guidelines

2 Fiscal measures, such as taxation, subsidies, and other economic incentives,
including for producers

3 School and workplace approaches; local environmental changes;

4 Direct restriction and mandates



Fiscal incentives

Adjust food prices for climate damages
(Springmann et al, 2017, Nature Climate Change):



Design of emissions taxes on foods

Model scenarios:

I TAX : GHG taxes on all food commodities

I TAXadj : Tax exemptions for health-critical food groups in dev countries
(fruits&veg and staples)

I TAXani : GHG taxes only on animal products (meat, dairy, eggs)

I TAXrem: GHG taxes only on red meat (beef, lamb, pork)

I TAXbef : GHG taxes only on beef

I Income-compensated variants (r)

I Variants in which half of tax revenues are used to subsidize fruits&veg (s)

⇒ 15 different tax scenarios



Optimal tax scenario

Health-sensitive taxing scheme



Optimal tax scenarios

Health-maximising tax scenario for each region:
I Optimization across all 15 tax scenarios:



Fiscal incentives

Adjust food prices for health costs
(Springmann et al, 2018, PLOS One):



Health taxes on red meat

Prices changes needed to pay for health costs in equilibrium (red meat):



Health taxes on processed meat

Prices changes needed to pay for health costs in equilibrium (processed meat):



Health taxes on processed meat

Reductions in mortality attributed to red and processed meat:



Cost of diets

Affordability of diets
(Springmann et al, 2021, Lancet Planetary Health):
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Cost of diets

Full costing makes sustainable diets more affordable:



Cost of diets



Cost of diets



Cost of diets



Food prices

Implications:

I Consumption decisions are influenced, in part, by food prices.

I Current prices do not reflect the full health and environmental costs of diets and
foods.

I Pricing in food-system externalities (e.g. via taxes) can help consumers make
healthier and more environmentally friendly choices.

I Tax revenues (and avoided healthcare costs and climate damages) can be used to
compensate low-income households.



Agricultural subsidies

Align agricultural subsidies with public health objectives
(Springmann and Freund, 2022, Nature Communications):



Agricultural subsidies

Agricultural support measures by type:
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Agricultural subsidies

Agricultural support measures by final use:
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Agricultural subsidies

Impacts of subsidy reform:
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Discussion

Policy implications:

I Results suggest health and environmentally sensitive approaches to subsidy reform
could make meaningful contribution to transition towards healthier and more
sustainable food systems

I Potential policy trajectory including, in the short term, introducing conditioning of
subsidies to healthy and sustainable food commodities, and restructuring global
subsidy payments in the long term

I In OECD, subsidies are increasingly decoupled, but a ”public money for public
goods” approach stresses importance of healthiness and sustainability of food
production (EU Farm to Fork, UK Ag Bill)



Conclusion

Healthy diets and sustainable food systems are achievable, but it will require:

I Strong regulation and right incentives are required;

I Combining measures with attention to local contexts important for defining
region-specific sustainable-development pathways;

I The country-specific data and suite of scenarios produced for the report and
associated studies can be a starting point.

Inaction is not an option:

I Food-system demand for environmental resources could increase by 50-90%
without targeted mitigation measures;

I Key planetary boundaries could be exceeded by 2050, risking destabilization of
ecosystems;
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Thank you

Contact, comments and suggestions:

I marco.springmann@lshtm.ac.uk


