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Objectives

• Define the parts of a food system 
• Describe how at least four parts of the food system influence or are 

influenced by climate change
• Compare and contrast the diets, and nutritional and climate 

implications of those diets in the developing vs developed world
• Identify solutions for climate change and the food system



Food System

• All parts of producing the food and getting it to the consumer

• What parts can you name?
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Climate Change Influencing 
Food Systems



Myers et al 2017



Climate change and crop quality

• Increased atmospheric C02
• Reduction in protein content by 7-15% in rice, wheat, barley, potatoes

• Would cause 200 million people to fall short of protein recommendations
• Reduction in zinc and iron content by 3-11% in cereal grains, legumes

• Would cause 150-200 million new cases of zinc deficiency
• Reduction in other minerals in more extreme conditions

Myers et al 2017



Climate change and arable land

• Increased heat
• Decreased water availability

• Both decrease yield especially for maize and wheat 
• Increased atmospheric CO2 

• Increases yield for some plants (wheat, rice, soy)

• May see an increase in need for arable land
• May see a shift in what crops are grown where 
• May see a shift to pasture land (grazing)own unintended consequences

Myers et al 2017;
Raiten & Combs 2019



Climate change and marine foods

• Seafood is important source of protein, fatty acids, vitamins, and 
minerals

• 1% decline in fish catch annually regardless of climate change
• Fishing rates are unsustainable
• Warming seas 

• Decrease potential fish catch 3-13% by 2050
• Potential decrease in fatty acid, mineral content of fish

Myers et al 2017



Food Systems influencing 
Climate Change



Lifecycle analysis/assessment (LCA)

• Lifecycle analysis is the attempt to measure all of these steps 
together

• 4 phases: 
• Goal and scope
• Life cycle inventory
• Life cycle impact assessment
• Interpretation

Cucurachi et al 2019



Beef ProductionMethane Production

• Ruminants produce methane (CH4) via digestion
• Single dairy cow produces 70-120 kg CH4/year
• Animal agriculture contributes 3.9% of GHG in US 

• Compare to 80% from transportation, industry, power
• Animal source foods in the US contribute 0.6% of total global 

emissions
• Plant foods in the US contribute 0.5% of total global emissions

Raiten & Combs 2019; 
Raiten et al 2020



Almond ProductionWater Utilization

Vanham et al 2020



Almondsexacerbate water stress

Vanham et al 2020



Scope of Food Waste

Graph: World Resources 
Report 2019
Annotations: Droward
2012

Loss: 
Imperfect 
produce, 
overly 
cautious sell-
by dates

Spoilage during 
transportation/s
torage; unable to 
harvest at ideal 
time

We waste/lose MORE food but 
at different points



Food waste and climate change
• Wasted food into landfillsanaerobic decompositionmethane

• Pre-consumer loss is less likely to go into landfills (composted, used for animal feed)

• Leads to food overproduction which wastes resources (land, water)/produces 
GHG pointlessly

•1/7 people in the world live in hunger
•Their needs could be met with 50% of the 

existing food waste!!!!! 

Droward 2012



Towards a more sustainable diet



EAT-LANCET Report



EAT-Lancet

Healthy and 
sustainable

Unhealthy and 
unsustainable

Unhealthy but 
sustainable

Healthy but 
unsustainable



EAT-Lancet Diet for Planetary Health



Fanzo et al 2020



Changes in production to meet EAT-Lancet

Fanzo et al 2020



Criticisms

• Does EAT-Lancet apply everywhere?
• Didn’t consider cultural aspects

• Potentially inadequate B12 and B2, other analyses suggest 
inadequate calcium, iron, vitamin D, vitamin B12

• Cost

• Individual actions are unsustainable—must be a package

Fanzo et al 2020; 
Raiten et al 2020





Dietary needs vary by time/place

Developed World (specifically US)
• Overweight and Obesity
• Sometimes paired with 

micronutrient malnutrition
• Iron deficiency anemia is not absent

• Diets generally adequate to 
excessive in animal source foods 

• In US, 2/3 of dietary protein 
comes from animal source foods

Developing World
• Iron Deficiency Anemia 
• Stunting

• Overweight and obesity are not 
absent

• Diets have migrated away from 
traditional patterns and 
towards grain crops

• Diets generally inadequate to 
poor in animal source foods

Raiten et al 2020



Box 2; Raiten & 
Aimone 2017



Why?

• Calories (energy rich foods) are cheap and easy to grow

• Governments/the “Green Revolution” have encouraged the 
production of energy rich foods

• “Nutrition transition” may be exacerbated by climate change

Drewnowski 2020; 
Fanzo et al 2020; 
Raiten & Aimone 2017
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So…

• Be careful about blanket recommendations to eat less animal 
source food (ASF)

• More equitable distribution of ASF intake would probably be 
wiseie eat less ASF for many but not all people in the US

• Differentiate between ASF
• Ruminant (cows) vs non-ruminant  meat vs dairy and eggs



Effects of foods on climate change also vary 
by time/place
• Dairy produces 4% of greenhouse gases globally

• BUT “North American and European dairy cows produce 4X more 
milk than the global average cow”lowest greenhouse gas per 
gallon

• Developing nations need 10-20 cows to produce the same amount 
of milk as a US cow

• this is also where ASF intake needs to increase to meet dietary needs

Drewnowski 2020; 
Raiten et al 2020



Technology

• Need to adopt technologies to improve the efficiency of growing 
nutrient rich foods 

• CRSPR-Cas9 
• Will this be acceptable to people?

• Up to this point, biotech advances have allowed us to adapt to 
climate change, but there will be a breaking point

World Resources Report 2019; 
Raiten & Aimone 2017; 
EAT-Lancet



We all eat
—so what can you do?



Individual Actions

• Avoid food waste 
• Remember that in the developed world, most waste takes place at 

the consumer level 
• Consider composting

• Be a savvy consumer regarding sell-by/best-by dates

• Moderate but don’t necessarily eliminate intake of animal source 
foods

• Meatless Monday, Meatless meals

EAT-Lancet; 
Meyers 2017



Savvy Label Reading
• Examples of commonly used phrases:
• "Best if Used By/Before" date

• indicates when a product will be of best flavor or quality. It is not a purchase or 
safety date.

• "Sell-By" date 
• tells the store how long to display the product for sale for inventory 

management. It is not a safety date.
• “Use-By" date 

• is the last date recommended for the use of the product while at peak quality. It is 
not a safety date except for when used on infant formula.

• “Freeze-By” date 
• indicates when a product should be frozen to maintain peak quality. It is not a 

purchase or safety date.
https://www.foodsafety.gov/keep-food-safe/foodkeeper-app
https://www.fsis.usda.gov/wps/portal/fsis/topics/food-safety-education/get-answers/food-safety-fact-
sheets/food-labeling/food-product-dating/food-product-dating



Policy/Advocacy Actions

• Let politicians know you care about these issues
• Allow sustainability to be considered in Dietary Guidelines for Americans

• Redirect farm subsidies towards sustainability goals 
• Advocate for research and development of new food system 

technologies 
• Provide food system aid to developing countries in a way that 

recognizes the value of local foodways

EAT Lancet
World Resources Report 2019



Takeaways

• This is complicated
• Relationships are bi-directional
• Must account for health needs
• Use approaches that account for complexity and interrelationships

• Individual solutions are inadequate—systems/policy change 
required

• Solutions are not static
• This is urgent!



Questions?



References
• Cucurachi, S; Sherer, L; Guinee, J; Tukker A.  Life Cycle Assessment of Food Systems.  One Earth 2019 
• Dorward, LJ.  Where are the best opportunities for reducing greenhouse gas emissions in the food system (including the food chain)? A 

comment.  Food Policy 2012 
• Drewnowski, A; Finley, J; Hess, JM et al.  Toward Healthy Diets from Sustainable Food Systems.  Current Developments in Nutrition 2020
• Fanzo, J; Drewnowski, A; Blumberg, J et al.  Nutrients, Foods, Diets, People: Promoting Healthy Eating. Current Developments in Nutrition 

2020
• Myers, SS; Smith, MR; Guth, S et al.  Climate Change and Global Food Systems: Potential Impacts on Food Security and Undernutrition. 

Annual Reviews of Public Health 2017
• Raiten, DJ & Combs GF.  Nutritional Ecology: Understanding the Intersection of Climate/Environmental Change, Food Systems and 

Health. Agriculture for Improved Nutrition: Seizing the Momentum 2019
• Raiten, DJ; Allen, LH; Slavin, JL.  Understanding the Intersection of Climate/Environmental Change, health, Agriculture and Improved 

Nutrition: A Case Study on Micronutrient Nutrition and Animal Source Foods. Current Developments in Nutrition 2020
• Raiten, DJ & Aimone, AM. The intersection of climate/environment, food, nutrition and health: crisis and opportunity.  Current Opinion in 

Biotechnology. 2017
• Vanham, D; Mekonnen, MM; Hoekstra, AY.  Treenuts and groundnuts in the EAT-Lancet reference diet: Concerns regarding sustainable 

water use. Global Food Security 2020

• thelancet.com/commissions/EAT
• https://research.wri.org/wrr-food/complete-menu-creating-sustainable-food-future-synthesis



• thelancet.com/commissions/EAT
• https://research.wri.org/wrr-food/complete-menu-creating-

sustainable-food-future-synthesis


